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The present invention relates to an optical
information recording medium and a method for recording

information on such an optical information recording

medium. More particularly, it relates to an optical

information recording medium capable of being optically
written in or read out, which comprises a light r
transmitting substrate ﬁaving a pregroove formed on its
surface, a light absorptive layer of a coloring matter
formed on the substrate and a light reflective layer made
of a metal film formed on the light absorptive layer, and
a method for recording information on such an optical
information recording medium.

As optical information regording média of this type,
compact disks (hereinafter referred to simply as "CD")
have been practically developed.and widely used as
optical information recording media of ROM (read only
memory) type wherein pits are already'formed on a light
transmitting substrate by means of e.g. a pfess and a

reflective layer of a metal is formed on the surface
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having such pits.

As a further progress from such a ROM type, optical
information recording media have been proposed on which
information can be recorded by irradiaﬁing a laser beam
to the substrate és the user requires.

For example, Japanese Unexamined Patent Publicéfion
No. 89605/1979 discloses an optical information recording
medium which comprises at least a transparent substrate,
a light absorptivé layer containing a qoloring matter
formed on thé substrate and a light reflective layer
formed on the light absorptive layer, and on yhich
information can optically bé recoFded and from which the
recorded information can be optically reproduced.

Further, Japanese Unexamined Pétent Publication No.
189851/1983 or No. 171689/1984 discloses a recording
method to such an opti&al information recording medium by
deforming a layer adjacent to the light absorptive layer.

Japanese Unexamined Patent Publication No.
135640/1984 or No. 210546/1984 proposes to flatten
(hereinafter referred to as "leveling") the light
reflective layer side of a light absorptive layer formed
on a substrate having a pregroove, to improve the
contrast of read-out siénals obtained from an optical
information recording medium.

Still further, Japénése Unexamined Patent Publication

-No. 257931/1988 discloses an optical information

recording medium having prepits, wherein the depth of the
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prepits is definkd.

ﬁowever, such conventional optical recording media of
recordable or writable type using coloring matters in
their light absorptive layers, have a problem that they
require new CD players useful exclusively for the
reproduction of the signals recorded on such optical
information recording medi;, and the information recorded
in such optical information rgcording media can not be
reproduced by commonly and widely commercially available
CD players for compact disks 9f ROM type. '

To conduct the reproduction by commercially available
CD players, optical recordlng medla must be able to
produce read-out signals which satlsfy the CD standards-
which are accepted world w1de1y. )

.To satisfy the CD standards, it is required that the
reflectance is at least "70%; wifh respect to the degree
of modulation of the read-out signals, Ill/Itop is at
least 0.6, and I3/Itop is from 0.3 to 0.7; the block
error rate is at most 3.0 x 1072; and further when a
push-pull method is-employed for tracking pits, the push-
pull value is from 0.04 to 0.07.

This push-pull value will be explained. A so-called
writable CD is expected to be capabie of not only
reproducing but also recording information so that read-
out signals satisfying the abbvé CD standards can be.
obtained. Accoréingly, in order to record informatién so

that signals satisfying the CD standards can be
-
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reproduced, it ‘is necessary to ensure acéurate tracking
even when'the CD is still ih a non-recorded state.

A three beam method or a push-pull method is
generally known as a so—called tracking method for
accurately positioning the laser pick up so that its
irradiation position is in alignment with the pit line on
the CD, and the recording énd reproducing laser beams can
accurately follow the track of the CD.

According to this push-pull method, a photodetector
is designed to detect lights reflected frbm the right and
left sections along the track, and thellaser pick up is
accurately guided on the track by comparing the
quantities of the lights reflected.from the two sections.
Such' a tracking method can be employed not oply for an
optical information recording medium already recorded,
but also for an optical-information recording medium in a
non-recorded state. |

Similar to the CD standards (see IEC 908), such a

push-pull value is represented by (I, - I,)/Iy, wherein

I, is the optical power intensity of the beam reflected
from the track, and I, - I, denotes the optical power
difference in the two halves of the reflected beam
measured at far field.

The current CD standards prescribe a push-pull value
in an already recorded state. According to this CD
standards, the push-pull value is required to be within a’

range of from 0.04 to 0.07 at 0.1 pm radial offset, as
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mentioned above.'

However, in order to record information so that read-
out signals satisfying the CD standards can be obtained,
a push-pull value for recording is also ﬁecessary. The

push-pull values before and after the recording should

'preferably be as close as possible to each other.

" However, none of the conventional'optical information
recording media comprising a substrate having a |
pregroove, a llght absorptive layer contalnlng a colorlng
matter formed on the substrate and a 11ght reflective
layer formed on this light absorptive layer, has a
standard relating to such a push—pull value, or 1nd1cates-
the optlmum conditions for the substrate and the llght
absorptive layer satisfying the various con@;tlons
prescribed by the above-mentioned CD standards.

The present invention has been made in view of the
above problems. It is ah object of the present invention
to provide an optical information recording medium
Qhereby read—-out signals prescribed in the CD standards
can readily be obtained and a method for optiéally
recording information to such.an optical information
recording medium.

Specifically, it is a first object of the present
invention to provide an optical recording medium whereby
stable tracking is possible during the recording as well

as during the reproduction, and the push-pull value

satisfies the CD standards. _“‘““—-~‘~\_\_;_
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It is a second object of the present.invention to
provide an optical recording medium whereby the
feflectance and the degree of modulation during the
reproduction satisfy the CD standards.

A third object of the present invention is to provide
a method for optically recording information to such an
optical information recording medium to satisfy the above
objects. |

According to the first aspect, the present invention
provides an optical information recordiﬁg medium -
cbmprising a light transmitting substrate having a spiral
pregroove formed on its surface, a light absorptive layer
of a coloring matter formed on the ;ubstrate directly or
with other layer interposed therebetween, and a light
reflective layer madé of a metal film formed on the light
absorptive layer directly or with other layer interposed
therebetween, wherein AS < 0.3 wherein AS is the optical
phase difference represented by AS = 2d,,{n ,, = n (1l -
dabs/asub)}/k wherein dg , is the depth of the layer
boundary on the substrate side of the light absorptive
layer at the portion corresponding to the pregroove, d,..
is the depth of the layer boundary on the light

absorptive layer side of the light reflective layer at

- the portion corresponding to the pregroove, ng, is the

real part of the complex refractive index of the
substrate and any layer present on the substrate side of

the light absorptive layer, n is the real part of the

abs

This Sheet Has Been Repl

[T




10

15

20

25

THIS SHEET HAS BEEN |.
* “REPLACED. ' |

-7 -
complex refractive index of the light absérptive layer,
and A is the wavelength of a laser beam. Preferably,
deup 15 Ggyp 2 50 nm. Such an optical information
recording medium may have a ROM area wherein pits for
read-out signals are already formed, at the region where
the light absorptive layer is absent. The recording on
such a medium is conducted.by irradiating a recording
laser beam from the light transmitting substrate side to
deform a layer on the substrate side of the light
absorptive layer. '

Agcording to the second aspect, the present invention
provides an optical information recording medium.
comprising a 1ight transmitting sugstrate having a
pregroove formed on its surface, a light absérptive layer
of a coloring matter formed on the substrate, and a light
reflective layer made of a metal film formed on-the light
absorptive layer, wherein 0.b3 < AS < 0.3 wherein AS is
the optical phase difference betwegn the reéding laser
beam reflected from the light reflective layer at the
portion corresponding to the pregroove and the reading
laser beam reflected from the light reflective layer at
the portion corresponding to the land located on each
side of the pregroove, represented by AS = 2dsub[nsub -
Nope(l = d,,./d.,,) 3/ wherein dg,, is the depth of the
layer boundary on the substrate side of the light
absorptive layer at the portion corresponding to the

pregroove, d is the depth of the layer boundary on the

abs

-
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1ight absorptive‘layer side.of the light‘reflective layer
at the portion corresponding to the pregroove, ng,, is
the real part of the cémplex refractive index of the
substrate and any layer preseht on the substrate side of
the light absorptive layer, n,,. is the real part of the
complex refractive index of the light absorptive layer,
and A is the wavelength of.a laser beam; and 90 nm < dgr

<350 nm wherein dg, is the thickness of the light

absorptive layer at' the portion corresponding to the

pregroove. Preferably, dg,, is dg,, 2 40 nm. It is also
preferrgd that the optical parameter p is 0.05. < p < 1.6,
wherein p = n, _-4d,,/A wherein d,, is the average
thickness of the light absorptive iayerﬂ Further, it is
preferred that the imaginary part k,,, of the complex

refractive index of the light absorptive 1ayer-i$ Kabs

IA

0.3. A method for recording information on such an
optical'recording medium comprises forming piﬁs in the
pregroove of the optical information recording.medium by
irradiating a recording laser beam from the substrate
side. By this irradiation, £he light absorptive layer
side of the substrate is defo;med.

According to the third aspect, the present invention
provides an optical information recording medium
comprising a light transmitting substrate having a
pregroove formed on its surféce, a light absorptive layer
of a coloring matter formed on the substrate, and a light

reflective layer made of a metal film formed on the light
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absorptive layerz wherein -0.4 < AS < —0:04 whéreiﬁ AS

is the optical phase difference between the reading laser
peam reflected f£rom the iight reflective layer at the
portion corresponding to the pregroove and the reading
laser beam feflected from the light reflective layer at
the portion corresponding to the land located on each
side of the pregroove, reéresented by As = 2d,,{n,, -
naps{l = daps/dsup) }/A wherein dg,, is the depth of the
layer boundary on the'subst;ate side of_the 1%ght
absorptive layer at the portion corresponding to the
abs S the depth of the layer boundary on the
light absorptive layer side of the. light reflective layer

at the portion corresponding to the pregroove, ng, is

the real part of the complex refractive index of the

- substrate and any layer present on the substrate side of

the light absorptive layer, n, . is the real part of the
complex refractive index of the light absorptive layer,
and A is the wavelength of a laser beam; and 90 nm < 4,
< 350 nm wherein d,, is the thickness of the light
absorptive layer at the portion corresponding to the
land. Preferably, dg,, is dsub > 40 nm. It is preferred
that the optical parameter p is 0.05 < p < 1.6 wherein p
= ng.-d,,/A wherein d,, is the éverage thickness of the
light absorptive layer. It is also preferred that the
imaginary part k,,, of the complex refractive index of

the light absorptive layer is k, . <0.3. A méthod for

recording information on such. an optical recording medium
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comprises forming pits on the land of thé optical
jnformation recording medium by irradiating a recording
1aser beam from the substrate side. By such irradiation,
the light absorptive layer side of the substrate will be
deformed.

In the accompaﬁying drawings:

Figure 1 is a partiallf cross sectional perspective
view of an optical information recording medium 1 of the
present invention.

Figure 2 is a vertical cross sectional view of the.
main part of the éptical informétiqn recording medium 1
for describing the medium and the method for optically
recording information on such optical informatioen
recording medium 1.

-Figure 3 is a vertical.cross sectional view of the
main paft in such a étaté that a pit-is formed in the
pregroove 6.

Figure 4 is a graph showing the relation Between the
optical phase difference AS and the guantity of the
reflected light.

Figure S is a graph showiqg the relation between ALd4
(the change in the optical distance between before and
after the recording) and AP.P. (the change in the push-
pull value between before and after the recording).

Figure 6 is a graph showihg the change of the push-
pull over the period covering before and after the

recording.
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Figure 7 is E graph show&ng the chanée in the push-
pull over the period covering before and after the
recording, in a case where the push~-pull is reversed from
negative to positive.

Figure 8 is a graph showing the relation between p
(=N,ps°Gay/A) and the reflectance.

Figure 9 is a graph sﬁowing the relation between the
imaginary part k,,. of the complex refractive index of
the light absorptive layer 3 and the reflectance.

Now, the present invention will be described in
detail with referencé to Pigures 1 to 9.

Figure 1 is a partially cross sectional perspective
view of an optical information recording medium 1 of the
present invention, Figure 2 is a vertical cross sectional
view of the main part of the same optical information
recording. medium 1 before recording, and Figure 3 is a
vertical cross sectional view of the main part of the
same optical information recording medium 1 after
recording.

This optical information recording medium 1 comprises
a transparent substrate 2, a light absorptive layer 3
formed on this substrate 2, a light reflective layer 4

formed on this light absorptive layer 3 and a protective

.layer 5 formed on this light reflective layer 4.

Further, an intermediate layer (not shown) may be
provided between the substrate 2 and the light absorptive

layer 3 or between the light absorptive layer 3 and the
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light reflective‘layer 4, as the case requires.

Oon the substrate 2, a pregroove 6 is formed in a

.spiral-shape. On each side of this pregroove 6, a land 7

i.e. a portion other than the pregroove 6, is present.

The substrate 2 and the light absorptive layer 3 are
in contact with each other along the first layer boundary
8. Likewise, the light abéorpgive layer 3 and the light
reflective layer 4 are in contact with each other along
the second layer boundary 97 The light.reflective layer
4 and the protective layer 5 are in contact with each
other along the third layer boundary 10.

As shown in Figure 3, when a recording beam (a
recording laser -beam) Ll is irradiated to the optical
information recording medium 1, the light abﬁorptive
layer 3 absorbs the enérgy of this laser beam L1 and
generates heat, whereby ﬁeat deformation takes place on
the substrate 2 side to form a pit 1l1l. In some cases, an
optical change takes place in the light absorptive layer
3. As clearly shown in Figure 2, the depth from the
first layer boundary 8 at the portion corresponding to
the land 7 located on each side of the pregroove 6 to the
deepest bottom portion of the same first layer boundary 8
at the portion corresponding to the pregroove 6 is
designated as dsub;

Likewise, the depth from the second layer boundary 9
at the portiom corresponding to the land 7 to the deepest

bottom portion of the .same second layer boundary 9 at the
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portion correspoﬁding to the pregroove, is designated as
dabs'

The real part of the complex rgfractive index of the
above substrate 2 and any layer located on the substrate
2 side of the first layer boundary 8 is designated as
Ngyp Namely, when the light absorptive layer 3 is
formed directly on the subétrate 2 as illustrated in
Figure 2, ng, is the real part of the complex refractive
index of the substrate 2. When any layer locéted on the
substrate side of the first layer boundary 8 exists, ng,,
is the real part of the composite complex refractive-
index of the substrate 2 and such layer.

"The -real part of the complex refractive index of the
ligﬁt absorptive layer 3 is designated as n, .

- The average thickness of the light absorptive layer 3
is designated as d_,,. Here, the average thickness d,, is
represented bf (volume of the light absorptive layer
3)/(area of the region where the'light absorptive layer 3
is formed). |

The thickness of the light absorptive layer 3 at the
portion corresponding to the pregroove 6 is designated as
dgr.

The thickness of the light absorptive layer 3 at the
portion corresponding to the land 7 is designated as d;,.
. The imaginary part of the complex refractive index of

the light absorptive layer 3 is designated as k,, ..

The wavelength of the reading beam (reading laser
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beam) L2 is designated as A. .

Further, the optical phase difference of this reading
laser beam L2 reflected fromlthe light reflective layer 4
between the portion correspondlng to the pregroove 6 and
the portlon correspondlng to the land 7, is designated as
AS. ©Now, this optical phase difference AS will be
described. .

Firstly, when a laser beam is irradiated from the
substrate 2 side, the optical distance to the second
1aye£ boundary 9 at the portion corresponding.to the land
7 is represented by:

Ngub 9sub * Maps*in .
when the first layer boundary 8 on the substrate side of
the light absorptive layer 3 in the pregroove 6 is
regarded as the reference.

Likewise, the optical distance to the second layer
boundary 9 at the portion corresponding Eo the pregroove
6 is represented by:

nabs'dgr
when the first layer boundary 8 on the substrate 2 side
of the light absorptive layer 3 in the pregroove 6 is
regarded as the reference.

Accordingly, the difference ND of the optical
distances is represented as follows:

ND = (lnsub'dsub + Napsdin) — Napg dgr

= Ngup dsub ~ Mabs(dge = d1n)

where dg, + d,,5 = ), + dgyy
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Namely, dg, = dy, = dsulp = daps

Accordingly, ND = n g, -G.up — Dapg(dgup — Gaps) -

Accordingly, when the reading beam L2 is irradiated
from the substrate 2 side, the optical phase difference
AS = 2ND/A of the reading beam L2 reflected by the light
reflectlve layer 4 between the pregroove 6 portlon and
the land 7 portion is represented by:

stub{nsub ~ Dgps{l -~ dabs/dsub)}/}"'

as shown in Figure 4, when AS is chenged within a.
range of -0.5 < As < 0.5, the reflected light.becomes
maximum at AS = 0 by the interference effect and becomes
minimum at AS = +0.5.

The present inventors have found it possible to
obtain read—-out signals satisfying the CD_stendards
wifhin a range of AS < 0.3 from the results of
experiments and simulation.

" Further, from the viewpoint of the practical
requirements such as the uniformity of the coating layer
aed the moldability of the substrate 2, the optical phase
difference is preferably -0.4 < AS < 0.3,

Here, the tracking error signal i.e. the push-pull
. signal depends particularly oe this optical phase
difference AS.

For example, when AS is a positive number (AS > 0),
the optical distance at the land 7 portion is long as
compared with the pregroove 6.

In ﬁhe.recording method involving deformation of the

\
This Sheet Hag Been R

LT



A THIS SHEET n/\\ BEEN .

i RLPLALli) ‘

’

- 16 -

substrate 2 at the first layer boundary é between the
substrate 2 and the light absorptive layer 3, the surface
of the layer on the substrate 2 side of the light
absorptive layer 3 deforms in correspondence with the
deformatien_of this substrate 2, whegeby the optical
distance of the recorded portion corresponding to the pit
11 becomes short. Accordiﬁgly, as shown in Figure 5,
when the change ALd in the optical distance between
_pefore and after recording (the optical distance being
represented by a product of the refractive inéex and the
thickness of the light absorptive layer at the recorded
portion) is A/4, i.e. when the change in the length of
the light path between pefore and efter recording is A/2,
there will be no change in the push-pull valye between
before and after recording (the change APtP. in the push-
pull). Whereas, when the change ALd is less than A/4,
the push—bull va;ue.aﬁ the recorded portion tends to be
large.

In such a case, if recording is made in the pregroove
6, the push-pull during the recording is alQays positive
i.e. the ﬁhase is not reversed in the case as shown in
Figure 6, whereby tracking can.adequately be conducted.

Accordingly, when AsS > 0, it is preferred to conduct
the recording in the pregroove, whereby recording and
reproduction can be conducted smoothly with a minimum
variation in the push-pull as between the pit portion and

the non-pit portion and without inversion of the phase of
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the push—pulllbekween the éortion of pit‘ll and the non-
pit portion. _

If recording is made on the land 7 portion when AS >
0, it is likely that the ﬁush—pull level becomes 0 during.
the recording, as shown in Figure 7. If the push-pull
level becomes 0, tracking during the recording will be
unstable, thus leading to-mistracking or jitter.

As a result of the study, the present inventors have
found 1t possible to present an optlcal information
recordlng medium 1 capable of tracking on the pregroove 6
under a stabilized condition by adjusting the optical
phase difference AS to a level within a range of from
0.03 t& 0.3. If AS is less than 0.03, the push-pull at
the recorded porEion tends to be too small to conduct
tracking under a stabilized condition. On the other
hand, if.AS is 1arger'than 0.3, the reflectance at the
recorded portion will be small, whereby it becomes
difficult to satisfy the reflectance of at least 70% as
prescribed in the CD standards.

In the case where AS < 0, the optical distance of
the pregroove 6 portion is long as compared with the land
7 portion. As mentioned above with respect to the case
where AS > 0, in the recording method involving
deformation of the substrate 2 at the first layer
boundary 8 between the subéérate 2 and the light
absorptive iayer 3, the su;face of the layer on'the

substrate 2 side of the light absorptive layer 3 deforms
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in correspondencé with the deformation of the substrate
2, whereby the optical distance of the recorded portion
corresponding to the pit 11 becomes short. Accordingly,
as shown in Figure 5, in the case where the change ALd in. H
the optical distance is A/4 (difference in the light
path: A/2), there will be no difference in the push-pull ;
petween the recorded portibn and the non-recorded portion
(the change AP.P. in the push-pull). .Whereas in the case
where the change ALd is less than A/4, the push-pull at
the recorded portion tends to be large.
If recording is made on tpe land 7 in such a case,
the push-pull during the recordiné,is always positive
i.e. the phase is not inverted as.showq in Figure 6,
whereby tracking can satisfactorily be condqpted.
.Accordingly, when AS < 0, it is preferred that the
recording is.conducted'on the land 7, whereby recording
and reproduction can be conductgd under a stabilized
condition with a minimum variation in the push-pull as
" between the pit portion and the non-pit portion and
without inversion of the phase between the pit li portion
and the non-pit portion..
Further, if recording is eonducted on the pregroove 6
portion when Aé < 0, the push-pull is likely to be 0
during thehrecording as shown in Figure 7. 1If the push-
pull becomes 0, tracking during the recording will be
unstable, thus leading to mistracking or jitter.
As a result of the study, the present inventors have

_—
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found it possible to present an optical information
recording medium 1 capable of tracking under a stabilized
condition by adjusting the optical phase Aifference AS to
a level within a range of from.-0.04 to -0.4. If AS is
larger than -0.04, the push-pull at the recorded portion
will be too small, whereby tracking will be difficulf.

on the other hand, if this AS is smaller than -0.4, the
reflectance at the recorded portion will be small, and it
will be difficult to satisfy the reflectance of at least
70% as prescribed in the CD standards. .

Now, the depth 4., at the portion corresponding to
"the, pregroove 6 will be described. By adjusting this
d,p to a level of at least 40 nm,.preferably at least 60
nm,-it is possible to obtain an optical information
recording medium 1 having a high degree of modulation and
1itt1e'jitter or wave shape distortion, which ﬁhus
satisfies the CD standards for read-out signals.

Now, the thickness d4r at the portion corresponding
to the pregroove 6 will be described.

In a case where recording is conducted in the
pregroove 6 when the optical phase differénce is As > o0,
recording can be conducted unéer good condition with
iittle wave shape distortion or jitter, when the
thickness dgr at the pregroove 6 portion is from 90 to

350 nm.
. Especially when dgr is from 150 to 300 nm, recording

can be conducted under the optimum condition with a high
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degree of modulation and no substantial éhange in the
push-pull as between before and after the recording. If
dgr is smaller than 90 nm, the optical phase difference
petween the recorded portion and the non-recorded portion
tends to be too small to obtain adequate degree of
modulation. On the other hahd, if dgr exceeds 350 nm,
jitter and waveform distorfion will be substantial, and
it becomes difficult to satisfy the CD standards with
respect to the block error rate (BLER).

Now, the thickness d,, at the portion corresponding
to the land 7 will be described.

In a case where recording is conducted on the land 7
whén the opt}cal phase difference is AS < 0, excelient
recording can be conducted with little wave shape
distortion or jitter when the Fhickness d;, at the land 7
portion is from 90 to 350 nm. 'l

Especiélly when d4; is within a range of from 180 to
350 nm, recording can be conducted under an optimum
condition with a large degree of modulation and:-no
substanﬁial.change in the push-éull between before and
after the recording. 1If d,, is smaller than 90 nm, the
optical phase difference between the recorded portion and
the non-recorded portion, or between before and.after the
recording, tends to be too small to obtain adegquate
modulation. On the other hand, if &, is larger 350 nm,
jitter and wave shape distortion will be substantial,

whereby it becomes difficult to satisfy the CD standards
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with respect to the block error rate (BLﬁR).

In the foregoing, the invention has been describef
with reference to an embodiment wherein a single light
absorptive iayer is employed. However, the same
description is applicable also to a case wherein a
plurality of light absorptive layers exist, or an
additional layer exists adﬁacent to the light absorptive
layer. |

Further, the positive and negative symbols for pusa-

pull used in the foregoing description, may be inverted

depending upon the positive or negative setting of the

player. Even when tﬁe symbol is inverted, the same
description is applicable so long as there is no change
in the symbol for push-pull between before and after
recording. .

Now, the optical parémetef defined by p = nab;-dav/};
will be described.

-From the results of the experiments and simulation by

' the present inventors, it has been found that p =

Nps 4,,/A is a very important parameter. Namely, with an
optical information recording medium 1-having a structure
such that a light absorptive layer 3 and a light
reflective layer 4 are formed on a substrate 2, it ;s

important that p = n, -d,,/A wherein n_,  is the real

-3
part of the complex refractive index of the light
absorptive layer 3, d,, is the average thickness of the

thickness dgr of the pregroove 6 portion and the

-—_
This Sheet Has Been R

T




. " T"THIS SHEET HAS BEEN
C oy - S REPLACED

thickness dj, of 'the land 7 portion and A is the

wavelength of the reading laser beam, is set within a

range of 0.05 2 p 2 1.6 to attain a reflectance of at
ieast 70% and output signals'with a degree of modulation .
Ill/Itop of at least 60% and a degree of modulation

3/Itop of from 0.3 to 0.7, as prescribed in the CD
standards. By adjusting the optical parameter p within
the above range, the reflectance can be easily made to be
a£ least 70% as prescribed in the CD standards.

If p is smaller than 0.05, the thickness 4,, of the
1ight absorptive layer 3 will have to be made as thin as
0.05 pm.or less, such being not practical from the
viewpoint of the production. Accordingly, within the
range of 0.05 < p £ 0.6, a range of 0.30 < p £0.6 is
pracfical.. In order to.59cure an adequate degree of
modulation, the optical parameter p is preferably at
ieast 0.1. In order to obtain stabilized recording
properties with a high degree of modulation, a range of
from 0.45-i 0.1Iis most preferred. |

Further, as shown in Figure 8, even if p is higher
than 0.6, if it is at the peaks on the graph of Figure 8,
it is possible that the reflectance exceeds 70%.

Within a range of from 0.6 < p < 1.6, Ehere are two
peaks which always exist within the ranges of 0.6 < p <
‘ 1.10 and I.lb < p <1l.6. At such peaks, a high

reflgctance can be obtained. If p > 1.6, the thickness

of the layer is so thick that it becomes difficult to
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control the thickness, such beiﬁg not prgctical from the
viewpoint of production.

The graph showing this relation between p and the
reflectance, can be represented by a function which is a
combination of an exponential function and a periodic
function, whereby the amplitude of the periodic function
inéreases as the value p increases.

The amplitude of this periodic function varies
depending upon parameters such as the complex refractive
indices of the layers constituting the optical
jnformation recording medium, their thicknesses and the
uniformity thereof. For example, if the refractive index
of a layer located on the incident light side of.the
1ight absorptive layer 3 is small, the refleFtance shifts
to a higher side in the graph..

Further, this éraph can be represented by an
exponential function having the imaginary part k.,  of
the complex refréétive index of the light absorptive
llayer 3 and 4,, és parameters. As shown in Figure 9, it‘
has been found tﬁat the overall decrement of the

reflectance in the graph increases as k,,, increases.

s
From the simulation prepared by the present
inventors, it has been found that so long as the light
absorptive layer 3 is homogeneous and there is no non-
uniform distribution in the real part n,, . of the complex

refractive index and in the average thickness dav, there

will be no variation in the periodic cycle of the peaks
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in the graph.

under certain conditions, it is also possible to
increase the reflectance at the bottoms of the graph in
Figure 8 by controlling the above-mentioned parameters.
However, when the optical parameter p is set in the
vicinity of the bottoms; it becomes difficult to increase
the degree of modulation ahd in some cases, the
reflectance is likely to increase beyond the level prior
to the recording. Thus, the optical parameter p is
preferably set in the vicinity of the peaks. .

Now, k will be explained.

abs

In order to obtain a high reflectance, this k,, . is
required to be at most 0.3.
The present inventors have found that the numerical

value of k., . is an important parameter. Namely, when

3

this k., is at most 0.3, the closer the value k.ps £O O,

s
the higher the reflectance. Therefore, this range is
most préferred. However, if the value is too close to 0,
the recording sehsitivity will be poor. Therefore, it is
required to be larger than 0. Specifically, it is.
preferably at least 0.0l. Practically, it is preferably
about 0.05.

When the optical parameter p is within a range of

from 0.05 to 0.6, the imaginary part k, . of the complex

s

refractive index of the same layer is preferably at most

0.3. When p is within a range of from 0.6 to 1.6, k,p,

is preferably at most 0.2.
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such definitions of the present inveﬂtion are
applicable even when other layers are provided. For
example, in a case where a transparent 1§yer such as an
enhancing layer of e.g. Si0, or a primer layer, is
provided between the substrate 2 and the light absorptive
layer 3, such a transparent layer may be taken as a part
of the substrate 2, and in a case where a layer such as
an adhesive layer or a hard layer, is provided between
the light absorptive layer 3 and the light reflective
layer 4, such an additional layer may be taken as a
second light absorpgive layer 3, and the optical
parameter p will be p = (ni-di+n2:d2)/h. In a case of a
plurality of layers, the optical parameter p will be p =
E(ni-di)/A where i is an integer and n; is t@e real part
of the.complex refractive indéx of each layer, and d; is
the average thickness Bf each layer. In this manner,
even the case involying a plurality of layers, can be
dealt with in the same way.

Likewise, a composite complex refractive index K
representing the average of a plurality of k,,., can be
obtained by K = Xd;-k;/ Zd; where k; is the imaginary
part of the complex ref:activé index of each layer, and
thus this case can be dealt with in the same manner as in
the case of a single layer.

Now, the materials and physical properties of the
respective layers will be described. Firstly, the light

transmitting substrate 2 is made of a material having
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high transparency with a refractive inde¥ within a range
of from 1.4 to 1.6 to laser beams and is usually made of
a resin having excellent impact strength. For example, a
glass plate, an acrylate resin plate or an epoxy resin
plate can be employed. Further,'bther layers such as a
solvent resistant layer of e.g. SiO, and an enhancing
layer, may be formed on the substrate 2.

such a material is molded by a method such as an
injection molding method. The thickness of the substrate
2 is preferably from 1.1 to 1.5 mm to satisfy'the CD
standards. To obtain adequate effects of the present
invention, polycarbonate is prefierred as the material for
the substrate 2. Further, the thermal expansion
coefficient a of the substrate 2 is preferab}y at a level
of from 5.0. x 1075 to 7.0 x 1073 cm/°C.

A tracking guide means is a providea on the surface
‘at the absorptive layer 3 side  of the substrate 2. Such
a traqking guide means may be so~called sample servo i.e.
address pits coﬁposed of pits formed at predetermined
interQals. However, a pregroove 6 formed in a spiral
shape (Figures 2 and 3) is preferred. The spiral
pregroove 6 is used to guide éhe tracking when data
signals are to be recorded.
~i:. The erth of the pregroove 6 may be at any level so
_lqng as it meets the usual conditions. However, a depth
of from 30 to 250 nm is suitable. Preferably, the depth

-is from 60 to 180 nm. Further, the width of the

\
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pregroove 6 is preferably from 0.3 to l.é pm. The
distance between one pregroove 6 to another pregroove 6
j.e. a so—called tracking pitch is preferably 1.6 pm.

Further, as the tracking means such as the pregroove
6, the time code information (ATIP: absolute time in
pregroove) may be recorded along the edge of the
pregroove 6. Such a pregrbove is usually formed by
préssing a stamper at the time of the injection molding
of the substrate 2. However, it may be formed by cutting
with a laser beam or by a 2P method (photo—-polymer
method).

' Next, the light absorptive layer 3 is a layer of a
light absorptive material formed on the tracking guide
means of the substrate 2. It is a layer wh?gh undergoes
heat generation, fusion, sublimation, deformation or
property change when }rradiated with a laser beam. This
light absorptive layer 3 is formed by uniformiy coating
on the surface of the substrate 2 a cyanine dye or the
like'diss;lved in a solvent by a method such as a spin
coating method. |

As the material for the light absorptive layer 3, any
conventional optical information material may be used to
obtain the effects of the present invention. However, a
light absorptive organic dye is preferred. Specifically,
light absorptive organic dyes such as a polymethine dye,
a triarylmethane dye, a pyrylium dye, a phenanthrene dye,

a tetrahydrocholine dye, a triarylamine dye, a squarylium.
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dyé, a croconic methine dye and mellocyanine dye, may be
mentioned. However the material of the light absorptive
layer is not'l;mitea to such examples. The effects of
the present invention can be obtained, so long as it is a.
con?entional optical recording material.

Further, the light absorptive layer 3 may contain
other dyes, resins (e.g. a.thermoplastic resin such as
nitrocellulose, of a thermoplastic elastomer), liquid
rubber, etc. _

Specifically, isobutylene, a maleic anhydride
copolymer, an ethylene-vinyl acetate copolymer,
chlorinated polypropylene, polyethylene oxide, polyaﬁide,
nylon, a cumarone resin, a ketone resin, a vinyl acetate,
polystyrene, PVA (polyvinyl alcoﬁol) and PVE (polyvinyl
ester) may, for example, be'mentioned.

As a cellulose de;ivative, carboxymethyl cellulose,
nitrocellulose, HPC (hydroxypropyl celluloée), HEC
(hydroxyethyl Eellulose), MC (methyl cellulose), EC
(ethyl celluldse), EHEC (ethylhydroxyethyl cellulose) or
- CMEC (carboxyﬁethylethyl cellulose) may be mentioned.

"As an oligomer, oligostyrene or methylstyrene
oligomer may be mentioned.

As an elastomer rubber, a styrene block_copolymer or
a urethane thermoplastic elastomer may be mentioned. |

The light absorptive layer 3 is formed by applying
the above-mentioned dye and optical additives dissolved

in a known organic solvent (such as ketone alcohol,
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acetyl acetone; hethyl cellosolve or foluene), on the

-surface of the .substrate 2 having the pregroove 6, or on

the surface of other layer formed on the substrate 2.

For such application, a vapor deposition method, a LB.
method Or a spin coating method may be mentioned. Among
them, a spin coating method is preferred, since the
thickness of the 1light absbrptive layer 3 can easily be
controlled by adjusting the concentration, viscosity or
the drying speed of the solvent.

As a specific method for controlling the thickness of
this light absorptive layer 3, a method of changing the
rotational speed of the spin coating, a method of.
conducting spin coating with a mixture of substances.
having-different viscosities, a method of conducting spin.
coating with a light absorptive layer substance dissolved‘
in a plurality of solvents, or a method of conducting
spin coating with a.mixture of high boiling point
substances, may be mentioned.

Now, the light reflective layer 4 is a metal film.

For example, gold, silver, copper, aluminum or an alloy
thereof is formed into such a me£a1 film by a method such
as a vapor deposition method ér a sputtering method.
Among them, a metal f£ilm composgd mainly of gold or an
alloy containing gold is preferred, since it is required
to haée a reflectance of at least 70%.

F#rther, to prevent oxidation of the light reflective

layer 4, other layer such as an oxidation resistant layer
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mey be f£ormed on'the light reflective layer 4.

The protective layer 5 is formed with a resin
excellent in the impact s;rength similar to the substrate
2. pFor example, it is fqrmed by coating an ultraviolet
cxrable resin by spin coating, followed by irradiation
with yltraviolet rays for curing. As other materials, an
ezoxy resin, an acrylate resin, a silicone hard coat
r=gin, etc. may be used.

The protective layer 5 is usually formed by coating a
monomer or oligomer of an-arganic compound caéable of
forming a polymer by polymerization, followed by a cross
linking reaction. However? the material is not limited
ta such an organic compound. For example, an inorganic
s“bstance may be applied by a known method such as a
s:utterlng method or a vapor dep051t10n method.

In order to obtaln a protective layer of an organic
cmlymer by the’ cross linking reactlon, it is advantageous

from the operational point of view to adopt a method
e

reactlon initiator and a reaction catalyst are
:small amounts to a mixture-of a monomer and an
ollgome fof an organlc polymerlzable compound having at
leasti &% reactlve acryloyl group (-CH=CH,) per molecule,

such ajliquld mixture is coated and then cross-linked by

1rradlation with ultraviolet rays or electron beams.

However, the cross linking method is not limited to
such a'speca.flc example. For instance, a resin curable

by hea};_ gpch_-as an epoxy resin or a urethane resin may be

2
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employeé, or the' one curable with moistufe in air such as
a dialkoxysilane coupling agent may be employed.

The backbone chains and side chains of the cross-
1inked product thus obtained may be a saturated or
unsaturated linear hydrocarbon, or may contain a cyclic
compound of e.g. melamine or bisphenol type. Further,
the backbone chains or side chains of such a cross-linked
product may contain at least one other bond such as an
ester bond in the form of a polyestef, an urethane bond
in the form of a polyurethane, an ion linkage ip the form
of an ionomer, an amide bond in the form of a polyamide,
an imide bond in the form of a polyimide, a sulfone bond
in the form of a polysulfone of a'sulfide bond in the
form of a polysulfide. It may be a copolymer compound
containing two or more such bonds, or it may be'a block
polymer. ‘ |

Further, these.cross—linked products may contain a
fluorocarbon in their side chains in order to improve
their moisture fesistance or may contain epoxy resins to
prevent the degradation by a hydrbgen halide.

Further, they may contain hydroxyl groups, carboxyl
groups, acryiic groups, aminolgroups or vinyl acetate
groups in their side chains in order to improve the
adhesion to the light reflective layer 4. The backbone
chains or side chains may contain a basic acid.

For the formation of the protective layer S5, the

coating solution may contain in addition to the resin,
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the reactants and the reaction initiator; a solvent or a
diluent to improve the coating pfoperties. Further, to
stabilize the coated film, a leveling agent, a
plasticizer, an antioxidant, an antistatic agent, etc.
may be incorporated. Further, if necessary, the coating
solution may be colored with a pigment or a dyestuff.
The curing of the resin may be controlled by
adjusting the cross linking density of the cross-linked
structure or by adjusting the concentration of the
0 reactive acryloyl groups. The curing may also be varied
depending upon the degree of freeness of the molecular
rotation of the oligomer itself which forms the backbone
chain.
In the optical information recording me@ium 1 of the -
5 present invention, a layer behind. the light absorptive
layer 3 relative to Lhe light transmitting substrate 2,
such as the light rgflective layer 4 or the protective
layer 5, is preferably méde of a material having a heat
'distortion tempefature and a hardness higher than the
o layer on which pits 11 are formed. By forming the layer
behind the absorptive layer 3, with a hard material, the
block error rate of recorded éignals can effectively be
reduced.
Within the practical environmental temperature i.e.
'5 from —-15°C to 70°C as prescribed in the CD_standards, by
adjusting the hardness of the protective iéyer 5 to a

level of a pencil hardness of at most 2H, it is possible
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to control the deformation of the secona'layer boundary 9
at the light reflective layer 4 side of the light
absorptive layer 3. Consequently, the wave—form
distortion can be controlled, and excellent recording
with a minimum BLER (block error rate) can be attained.
BLER tends to increase as the hardness of the protective
layer 5 decreases.

By adjusting the thermal expansion coefficient a of
the protective layer 5 to a level within a range of from
1.5 x 1073 to 9.0 x 107> within the practical
environmental temperature of from -15°C to 70°C, this
protective'layer“S shows a thermal volume chahge similar
+o the substrate 2, whereby the optical information -
recording medium 1 will hardly undergo warp;ng as a whole
even when subjected to a heat.

In a case where a is less than 1.5 x 10-5, the

'substrate 2 will expand more by the thermal expansion

under Héating, and the optical information recording
medium 1 will wérp to the protective layer 5 side,
whefebﬁ a tension will be created in each layer on the
substrate 2, thus leading to an increase of jitter of the
recorded pits 11l. |

When a is larger than 9.0 x 1073, the protective
layer 5 will expand more by thermal expansion under
heating, and the protective layer 5 will sag, whereby ply
separation will take place between the light absorptive

layer 3 and the light reflective layer 4 or between the

aced
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rgfl ectlve layer 4 and the protectlve layer 5.

A I N L NN

n the shrinkage of the protective layer 5 is
+o be not higher than 12%, even if it is cured

ected to a heat cycle test to remove a strain of

)
o}
41
i
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no cracking appears on the protective layer 5.

EX3
PRt
Wt
r

ration with the mechanical strength this

inx=ge is preferably at most 10%.

rmore, an oxidation resistance layer to prevent

on of the light reflective layer 4 may be

] oxidz=i

» interpossed between the light reflective layer 4 and the

} ?go—-_.—:::lv= layer 5.

} ==cording on the optical information recording medium

of === present invention can be conducted by a

3 E cons=ctional optical information recordlng apparatus as
.5. Gescrib=E below. Namely_, the optical information

reco-Eing medium 1 is disposed so that the surface of the

1ice=* ‘—::azzsmitting ‘substrate 2 faces the laser

irrzSZ=tion means i.e. the pick up side of the optical
-ig;fo:zzi:ion recoﬂrding apparatus. While rotating this
o;tial information recording medium 1 by a spindle.
motor, 2 laser spot modulated into a signal prescribed in
¢he CO standards is irradiated to the light absorptive
233'-3.—: 2 of the optical information recording medium 1 by °
tbe p3ck wp to form a pit 11, under tracking by means of
tae ZBove—mentioned tracking guide means.

" E=n.ihe ol;tical information recording method according

to:toe present invention, it is preferred to irradiate a
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l1aser spot with a wavelength A of about 780 nm. Further,
with respect to the CD standards, the linear speed is
required to be at a level of from 1.2 to 1.4 m/sec, and
the recording power may be at a level of from 6 to 9 mW.

Namely, with a commercially available CD player,

AL bt i s e i e atas

2 recording can be conducted by increasing the recording
power to a level higher than the power for play back.

At the time of this recording, when the land 7
portion between the pregrooves 6 is optically-bright
depending upon the conditions such as the thickness of
the light absorptive layer 3, as described above, it is
preferred to irradiate the laser beam to form pits 11 in
the pregroove 6. When the pregroove 6 is optically |
bright, it is preferred to form pits 1l on the land 7
f: portion.

By forming pits il under such conditions, the
difference in the brightness of the reflected light of
the reading laser beam for play back will be diétinct,
aﬁd a high degrée of modulation can be obtainéd.

%x; : Thus, it is readily possible to obtain an optical

7 information recording medium 1 capable of providing read-

out:sigpals satisfying the CD.standards.

. 1o~The optical information recording medium 1 of the

3 %; present invention is preferably of the type shown in

; ff?%gure_3, wherein when a recording laser beam Ll is
l'i:raéiated from a substrate 2 side to the 1ight

~ absorptive layer 3, this light absorptive layer 3 absorbs
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the laser beam Ll and generates heat, whereby the surface
of the substrate 2 is locally deformed to form pits 11l on
the surface of the substrate 2.

otherwise it may be of the type wherein the light
absorptive layer 3 undergoes an optical change whereby
pit 11 will be formed.

Further, there is a case wherein a component fused or
decomposed by the irradiation with the above laser beam
11 diffuses into the softened substrate 2 and will be
partially mixed and or chemically reacted with the
components eonstituting the substrate 2 to form there a
portion which is optically different from other portions
of the light absorptive layer 3 or the substrate 2 and
which thus constitutes a pit 1l.

.Reproduction of the recorded signals ean be conducted
by irrediating a reading laser.beam L2 from the substrate -
2 side and reading the difference in the brightness due

to the optical phase difference AS between the reflected

light from the pit 11 portidn and the reflected light

. from the portion other than the pits 11.

. Further, the present invention is applicable not only

g to an optical information recording medium 1 wherein the

viﬁ;light absorptive layer 3 is formed substantially over the

entire surface of the substrate 2, but also to an optical

finformation recording medium wherein a part of the

jsubstrate 2 is a recordable region having the light

k. absorptive layer 3 and the rest of the substrate 2 is a
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ROM region haQiné pits 11 capable of reprﬁducing CD
formatted signals. Such an optical information recording
medium may be prepared, for example, by preliminarily
forming by e.g. a stamper, pits for read-out signals at
the portion corresponding to the ROM region on the
surface of the substrate and forming a light absorptive
jayer 3 only at the outer recordable region.

Wwith such an information recording medium, it is
possiﬁle to preliminarily record the same data in a large
quantity at the ROM region, and the gOM region is free
from errors such as inadvertent erasure or misrecording,
since there is no light absorptive layer 3 in this
region. Further, at the region where the light
absorptive layer 3 exist, the user can record optional
data as he wishes. And, this recorded data can be
reproduced with the ;ignals prescribed by the CD
standards, and therefore can be reproduced by
commercially available CD players in the same manner as
the informationlrecorded on the ROM region.

Now, the present invention will be described in
detail with reference to Examples. However, it should be
understood that the present iAvention is by no means
restricted to such specific Examples.

EXAMPLE 1

A polycarbonate substrate of a disk shape having a

thickness of 1.2 mm, an outer diameter of 120 mm and an

inner diameter of 15 mm and having a spiral pregroove
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formed on its sukface with a width of 0.4 pm, a dépth of
130nm and:a pitch of 1.6 pm, was formed by injectibn
molding.

As a cyanine dye, 0.55 g of 1,1'-dibutyl-3,3,3',3'-
tetramethyl-4,5,4',5'-dibenzoindodicarbocyanine )
perchlorate (product number NK3219, manufactured by
Nippon Kanko Shikiso K.K.) was dissolved in 10 m¢ of an
acetylacetone solvent, and the solution was spin-coated
at a rotational speed of 3000 rpm for about 5 seconds.
when the film—-forming started, the rotational speed was
reduced to 300 rpm, and the rotation was continued until
the f£ilm was sufficiently dried to form a light
absorptive layer having a thickness (dg) of 150 nm. The
depth (d,,s) in the groove of this light absgrptive layer

was-62 nm, and the complex refractive index (n_,.) was

abs
2.7.' The wavelength-(A) of the reading laser beam was
780 nm, and the optical parameter (p) at that time was
0.5. Further, since the refractive index (ng,,) of the
polycarbonate as the substrate material was 1.58, the
optical phase difference (AS) between the pregroove and
the land in the non—fecorded state was 0.056.

Over the entire surface of this disk, a gold film
haQing a thickness of 60 nm was formed by a vacuum
deposition method. Further, on this reflective layer, an
ultraviolet curable resin was spin-coated and theh cured

by irradiation with ultraviolet rays, to form a

protective layer having a thickness of 10 pm.
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To the opticél information recording.medium thus
obtained, a semiconductor laser having a wavelength of
780 nm was irradiated at a linear speed of 1.2 m/sec with
a recording power of 6.8 mW, to record EFM signals.
chen, this optical information recording medium was
played back by a commercially available CD player (Aurex
xr-v73, wavelength of the reading laser beam A = 780 nm,
a laser with a readiﬁg power of 0.5 mW) , whereby the
reflectance of the optical information recording medium
was 73.5%, In/Itop obtained from the eye pattern of the
read-out signals was 0.78, I;/I,,, was 0.45, the block
error rate was 2.0 x 1073, and the push-pull value was
0.067. Thus, the optical information recording medium
fully satisfies the requirements prescribed in the CD
standards.

- EXAMPL;EI 2

On a.polycarbonate substrate molded in the same
manner as in Example 1, 0.65 g of the same cyaniné.dye as
used in Example i dissolved in 10 m¢ of an acetylécetone
solvent, was coated by spin coating at a rotationél speed
of 2500 rpm for about 5 seconds. When the film-forming
started, the rotational speed was reduced to 800 rpm and
the rotation was continued until the film was
sufficiently dried to form a light absorptive la§er
having a thickness Idg) of 160 nm. '

The depth (d,, ) in the groove of this light

absorptive layer was 75 nm, and the complex refractive
—_
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index (Naps) was '2.7. The wavelength (A) of the reading
1aser beam was 780 nm, and the optical parameter (p)- at

that time was 0.55. Further, since the refractive index

(Regp) of the polycarbonate as the substrate material was .
su :

1.58, theé optical phase difference (AS) between the

pregroove and the land in a non-recorded state was 0.15.

- gver the entire surface of this disk, a gold film

<
Lo

g a thickness of 60 nm was formed by a vacuum

;layer, ‘an ultraviolet curable resin was spln-coated and

.cured,by_lrradlatlon with ultraviolet rays to form a

peoteCtive 1a§er having at thickness of 10 um.
Hﬁ;eéolthe optical information recording ﬁedium thus
obtained,: a semiconductor laser having a wavelength of
780.nm was irradiated at a linear speed of 1.2 m/sec with
a recording power of'6.8 mW, to record EFM signals, in
the.same manner as in Example 1. Then, this optical
information recording medium was played back by a

commefcielly aéailable CD player, whereby the reflectance

of . the optical information recording medium was 70.3%,.

I-u/Itop obtained frem the eye'pattern of the read-out

eignals, was 0.75, I3/Itop was 0.42, the block error rate
was 2.2 x 1072, and the push-pull value was 0.069. This
optical informatiqn recording medium sufficiently
satisfies the reqﬁirements prescribed in the CD

standards.

///
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EXAMPLE 3

A polycarbonate substrate of a'disk shape having a
thickness of 1.2 mm, an outer diameter of 120 mm and an
jnner diameter of 15 mm and having a spiral pregroove
formed on its surface with a width of 0.3 pm, a depﬁh of
180 nm and a pitch of 1.6 pm, was formed by injection
moldiﬁg. To the polycarbonate substrate molded in this
manner, 0.50 g of the same cyanine dye as used in Example
1 dissolved in 10 m¢ of an acetylacetone solvent, was
coated by spin coating at a rotational speed of 3000 rpm
for about 5 seconds. When the Eilm-forming started, the
" rotational ‘speed was reduced tp 300 rpm, and the rotation
was continued -until the film was sufficiengly dried to
fofm a.light absorptive layer having a thickpess (dg) of
140 -nm. .

The depth (dabsf in the groove of this light
absorptive layer was 66 nm and the complex refractive
index (n,,,) was 2.7.” The wavelength (Aj,of the reading
laser beam was 760 nm, and the optical parameter (p) at
that time was 0.48. .Further, since the refractive index
(ngyp) ©of the polycarbonate as the substrate material was
1.58, the optical phase difference (AS) between the
pregroove and the land in a non-recorded state was
-0.068.

Over the entire surface of this disk, a feflective
layer and a protective layer were formed in the same

manner as in Example 1. To the optical information
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recording medium’thus.obtained, a semicoﬂductor laser
having & wavelength of 780 nm was irradiated at a linear
speed of 1.2 m/sec with a recording power of 6.8 mW, to
. record EFM signals. Then, this optical information
E 5 recording medium was played back by a commercially
; available CD player, whereby the reflectance of the
optical information recording medium was 77.5%, Ill/Itop
obtained from the eye pattern of the read-out signals,

was 0.65, I3/Itop was 0.40, the block error rate was 5.2

10~3, and the push-pull value was 0.055. This optical
information recording medium sufficiently satisfies the
requirements prescribed in the CD standards.

EXAMPLE 4

.A polycarbonate substrate having a thickness of 1.2

mm, an outer diamete£ of 120 mm and an inner diameter of
15 mm and having a spiral pregroove formed on its surface
w;th a w1dth of 0.8 pym, a depth of 180 nm and a pitch of
1.6 pm, was formed by injection molding. To the
polycarbonate substrate thus molded, 0.60 g of the same
cyanine dye as used in Example 1 dissolved in 10 m¢ of an
écetylacetone solvent, was coated by spin coating method
at a rotational speed of 2500 rpm for about S5 seconds.
When the film-forming started, the rotational speed was
reduced to 1500 rpm, and the rotation was continued until

the film was sufficiently dried to form a light

absorptive layer having a thickness (dg) of 150 nm.
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The. depth (dabs) ih the groove of thié light
absorptive layer was 118 nm and the complex refractive
jndex (Nzps) was 2.7. The wavelength (A) of the reading
jaser beam was 780 nm, and the optical parameter (p) at
that time was 0.52. further, since the refractive index
(ngup) of the polycarbonate as the substrate material was
1.53,.the optical phase difference (AS) between the
pregroove and the land in a non-recorded state was 0.3.

over the entire surface of this disk, a reflective
layer and a protective layer were formed in the same
manner as in Example 1.

7o the optical information recording medium thus
obtained, a semiconductor laser having a wavelength of
780 nm was irradiated at a linear speed of,l:z m/sec with
a reéording power of 6.8 mW, to record EFM signals.

Then, this optical lnformation recording medium was
played back by a commercially available CD player,
whereby the reflectance of the optical information

recordlng medlum was 70.0%, Ill/I obtained from the eye

top
pattern of the read-out signals, was 0.61, 13/1top was
0.32, the block error rate was 5.5 x 1073, and the push-
pull value was 0.070. This oétical information recording
medium fully satisfies the requirements prescribed in the
CD standards.
EXAMPLE 5

A polycarbonate substrate having a thickness of 1.2
mm, an outer diameter of 120 mm and an inner diameter of

e
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15 mm and having‘a spiral pregroove forméd with a width
of 0.4 pm, a depth of 180 nm and a pitch of 1.6 pm, was
formed by injection moiding. To the polycarbonate
substrate thus molded, a solution having 0.65 g of the
same cyanihe dye as used in Example 1 dissolved in 10 m¢ .
of an acetylacetone solvent and having 0.1 g of 6—ny16n
(Mw = 35000) further dissolved, was coated by spin
‘coating at a rotational speed of 3000 rpm for about 5
gseconds. When the film-forming started, the rotational
speed was reduced to 300 rpm, and the rotatioﬁ was
continued until the film was sufficiently dried to form a
1ightlabsorptive layer having a thickness (dgf of 250 nm.

The depth (d,,.) in the groove of this light

abs
absorptive layer was 10 hm and the complex rgfractive
index (n,,¢) was 2.4. The wavelength (A) of the réading
laser beam was 780 ﬁm, and the optical.parameter (p) at
- that time was 0.77. Further, since the refractive index
(Ngup) of the polycarbonate as the sﬁbstrate ﬁaterial was
1.58, the opticai phase differencé (AS) between the
pregroove and the land.in a non-recorded state was -0.32.

Over the entire surface of this disk, a reflective
layer and a protective layer were formed in fhe same
manner as in Example 1.

To the optical information recording medium thus
obtairied, a semiconductor laser having a wavelength of

780 nm was irradiated at a linear speed of 1.2 m/sec with

a recording power of 6.8 mW, to record EFM signals, in
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the same manner &s in Example 1. Then, this optical
jnformation recording medium was played back by a
commercially available CD player, whereby the reflectance
" of the optical information recording medium was 70.5%;,
111/1top obtained from the eye pattern of the read-out
signals, was 0.65, I3/I,, was 0.35, the block error rate
was 3.0 x IQ‘z, and the push-pull value was 0.048. This
optical information recording medium fully satisfies the
requirements prescribed in the CD standards.
EXAMPLE 6

A polycarbonate substrate of a disk shape having a
thickness of 1.2 mm, an outer diameter of 120 mm and an
inner diameter of 15 mm and having spiral prepits 8
capable of reproducing CD formatted 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 of the dlameter of from 46 to 100 mm (ROM
region) and having spiral pregroove formed with a width
of'0.8 pm, a depth of 50 nm énd‘a.pitch of 1.6 pm in a
raﬁge of a diameter of from 100 to 117 mm (recordabie
region) outside the ROM region, was formed by injection
molding. To the portion outside the diameter of 100 mm
. i.e. the recordable region onl&, of the polycarbonate
substrate thus formed, 0.55 g of the same cyanine dye as
used in Ekample 1 dissolved.in 10 m¢ of an acetylacetone
solvent, was coated by spin coating at a rotational speed
of 3000 rpm for about 5 seconds. When the film-forming

started, the rotational speed was reduced to 300 rpm, and
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the rotation was' continued until the film was
sufficiently dried to form a light absorptive layer
having a thickness (dg) of 150 nm.

The depth (d,;.) in the groove of this light
absorptive layer was 40 nm and the complex refractive

jndex (ng,s) was 2.7. The wavelength (A) of the reading

‘jaser beam was 780 nm, and the optical parameter (p) at

that time was 0.52. Further, since the refractive index
(Ngup) of the polycarbonate as the substrate material was
1.58, the optical phase difference_(AS) between the
pregroove and the land in a non-recorded state was 0.13.

Over the entire ‘surface of this disk, a reflective
layer and a protective layer were formed in the same
manner as in Example 1. .

.Po the recordable région'of the optical information
recording meaium ghus obtained, a semiconductor laser
having a wavelength of 780 nm was irradiated at a linear

speed of lf2 m/sec with a recording power of 6.8 mW, to

record,EFM'signals, in the same manner as in Example 1.

Then, thié.optical information recording medium was
played back by a commercially available CD player,
whereby the reflectance of the optical information

recording medium was 75.0%, I,,/I obtained from the eye

top
pattern .of the read-out signals, was 0.60, I3/Itop was
0.31, the block error rate was 6.0 x 10°3, and the push-
pull value was 0.070. This optical information recording

medium fully satisfies the requirements prescribed in the
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CD standards.
COMPARATIVE "EXAMPLE 1 .
To the same polycarbonate substrate as molded in

Example 1, 0.55 g of the same cyanine dye as used in

Example 1 dissolved in 10 m¢ of an acetylacetone solvent,

was coated by spin coating at a rotational speed of 3000
rpm, and the rotation was continued until the film was
sufficiently dried to form a light absorptive layer
having a thickness (dg) of 130 nm.

The depth (d,,;) in the groove of this light
absorptive layer was 105 nm and the complex refractive
index (n,, ) was 2.7. The wavelength (A) of the reading

laser beam was 780 nm, and the optical parameter {p) at

that time was 0.45. Further, since the refractive index

(ngyp) ©f the polycarbonate as the substrate material was
1.58, the optical éhase difference (AS) between the
pregroove and the land in a non-recorded state was 0.35.

Over the entlre surface of thls disk, a gold film
having a thlckness of 60 nm was formed by a wvacuum vapor
deposition. Further, on this reflective layer, an
ultraviolet curable resin was.spin—coated and then cured
by irradiation with ultraviolet rays, to form a
protective layer having a thickness of 10 pm.

To the optical information recording medium thus
obtained, a semiconductor laser having a wavelength of
780 nm was irradiated at -a linear speed of 1.2 m/sec at a

recording power of 6.8 mW, to record EFM signals in the
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same manner as in Example 1. Then, this Eptical
jnformation recording medium was played back by a
commercially available CD player, whereby the reflectancé
of the optical information recording medium was 63.0%,
Ill/Itop obtained by the eye pattern of the read-out
signals, was 0.75; I3/Itop was 0.52, the block error rate
was 3.0 x 1073, and the push-pull value was 0.087. Thus,
whén AS is 0.35, the reflectance is low, and the push-
pull value is poor, whereby the requirements prescribed
in the CD standards can not be satisfied.

EXAMPLE 7

A polycarbonate-substrate-of a disk shape having a
thickness of 1.2 mm, an outer diameter of 120 mm and an
inner diameter of 15 mm and having a spiral pregroove 6
formed with a width of 0.5 pm, a depth of 100 nm and a
pitch of 1.6 upm, w;s formed by injection molding.

As a cyanine dye, 0.65 g of 1,1'-dibutyl-3,3,3',3'~
tetramethyl—4,5,4',5'—dibenzoindodicarbocyanine
perchlorate (NK—5219,-manufactured by Nippon Kanko
Shikiso K.K.) was dissolved in 10 m¢ of diacetone
alcohol, and the solution was spin—-coated on the above
substrate by changing properly the rotational speed, to
form a light absorptive layer having an averagé thickness
d,, of 140 nm.

The depth (d,,,) in the pregroove 6 of this light
absorptive layer was 49 nm and the complex refractive

index (n,,s) was 2.7. The wavelength (A) of the reading
—
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laser beam was 780 nm, énd the optical p;rameter (p) at
that time was 0.48. Further, since the refractive index
(Ngup) of the polycarbonatg as the substrate material was
1.58, the optical phase difference (AS) between the
pregroove and the land in a non-recorded state was 0.052.
Further, from the above results, the thickness (dgr) of
the pregroove 6 was 175 nm.

over the entire surface of this disk, a gold film
having a thickness of 60 nm was formed by a vacuum vapor
deposition metﬁod. Further, on this light reflective
layer, an ultraviolet curable resin was spin-coated and
cured by irradiation with ultraviolet rays to form a
protéctive layer having a thickness of 10 pm.

To the optical information recording medium thus
obtained, a semiconductor laser having a wévelength of
780 nm was irradiatéd at a linear speed of 1.4 m/sec for
recording, whereby the optimum recording power was 7.2
mW. With this power, EFM signals were recorded at the
pregroove portidn, and the optical information recording
medium was played back by a commercially available CD
player (Aurex XR-V73, wavelength of the reading laser
beam:. 780 nm, a laser having ; read-out power of 0.5 mW),
whereby the reflectance of the optical information
recording medium was 77.3%, the degree of modulation
) In/Itop obtained from the eye pattern of the read-out
signals was 0.73, IB/Itop was 0.42, the block error rate

was 1.6 x 1073, and the push-pull value was 0.067. This
_—
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satisfies the requirements prescribed in the CD
standards.
COMPARATIVE EXAMPLE 2

To the land portion in the non-recorded area of the
optical information recording medium prepared in Example
7, EFM signals were recorded at a linear speed of 1.4
m/sec with the optimum recoréing power using a
semiconductor laser having a wavelength of 780 nm. Then,
this recorded portion was played back in the same manner
as in Example 7, whereby the block error rate was 5.0 x
1072, and the push-pull value during the play back was
0.019. Each of these yalues does not satisfy the CD
standards.

EXAMPLE 8

To the polycarbénate substrate molded in the same
manner as in Example 7, 0.78 g of the same cyanine dye as
used in Example 7 dissélved in 10 m¢ of a diacetone
alcohol solvent,'was coated by épin coating by
appropriately changing the rotational speed. The
thickness (éav) after the film-formation was 260 nm.

The depth (d,,,) in the prégroove of this light
absarptive layer was 57 nm, and the complex refractive
index (n,, ) was 2.7. The wavelength (A) of the reading
laser beam was 780 nm, and the optical parameter (p) at
that time was 0.90. |

Further, AS in a non-recorded state at that time was
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The thickness (dgr) of the light absorptive layer in
the pregroove was 290 nm. '

Over the entire surface of this disk, a gold film
having a thickness of 60 nm was formed by a vacuum vapor
deposition method. Further; on this light reflective
layer, an .ultraviolet curable resin was spin-coated and
cured by irradiation with ultraviolet rays to form a
protective layer having a thickness of 10 pm.

To the optical information recording medium thus
obtained, a semiconductor laser having a wavelength of
780 nm was irradiated at a .linear speed of 1.4 m/sec for

recording in the same manner as in Example 7, whereby the

optimum recording power was 5.2 mW. With this power, EFM

signals were récorded at the pregroove pb:tion of the
.optical informat;on'recording medium. Then, the recorded
portion was played back in the same manner as in Example
7, whereby the reflectance was 73.2%, I33/I¢op OF the
read-out signalé was 0.85, I3/I,, was 0.45, the block
error rate was 2;2 x 1073, and the push-pull value was
0.053. This optical information recording medium fully
satisfies the requirements prescribed in the CD
standards.

COMPARATIVE EXAMPLE 3

| To the land portion in the non-recorded area of the
optical information recording medium prepared in Example

8, EFM signals were recorded at a linear speed of 1.4
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m/sec at the optimum recording power using a

semiconductor laser having a wavelength of 780 nm. Then,

this reécorded portion was played back in the same manner
as in Example 7, whereby the block error rate was 7.8 x

10-%, and the push-pull value during the play back was
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0.022, Each of these values does not satisfy the CD
standards.
EXAMPLE 9

A polycarbonate substrate of a disk shape'having a

10 thickness of 1.2 mm, an outer diameter of 120 mm and an

inner diameter of 15 mm and having a spiral pregroove

1 oo, oA s A 2 ervaty a0

formed with a width of 0.7 pm, a depth of 100 nm and a
pitch of 1.6 pm, was formed by injection molding.
As a cyanine dye, 0.70 g of 1,1'-dibutyl-3,3,3',3'-
15 tetramethyl—4,5,4',5P—Qibenzoindodicarbocyanine
perchlorate (NK-3219, manufactured by Nippon.Kanké
Shikiso K.K.) was dissolved in 10 m¢ of diacetone
alcohol. This solution was spin-coated on the above
substrate by apﬁ;opriately changing the rotational speed,
20 to form a light absorptive layer having an ;vefage
thickness d,, of 210 nm.

The depth (d,,.) in-the pregroove of this light

abs

absorptive layer was 12 nm, and the complex refractive

index (n,,.) was 2.7. Since the wavelength (A) of the

abs
25 reading laser beam was 780 nm, the optical parameter (p)

at that time was 0.73. PFurther, since the refractive

index (ng,,) of the pdlycarbonate as the substrate
_—
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material was 1.58, the optical phase différence (AS)
between the pregrooVe and the land in a non-recorded
state was -0.20. Further, from the above results, the
thickness (d4,,) at the land was 172 nm.

Over the entire surface of this disk, a gold £ilm
having a thickness of 60 nm was formed by a vacuum vapor
deposition method. Further, on this light reflective
. layer, an ultraviolet curable resin was spin-coated and
cured by irradiation with ultraviolet rays to form a
protective layer having a thickness of 10 pm.

To the optical information recording medium thus

obtained, a semiconductor laser having a wavelength of

780 nm was irradiated at a linear speed of 1.4 m/sec for

recording, whereby the optimum recording power was 6.5
mW. - With this power, EFM signals were recorded on the
land portion, wheréby the refleétance of the optical
information recordipg medium was 74.5%, In/Itop obtained
from the eye pattern of the read-out signals, was 0.82,
I3/Itop was 0.42; the block error rate was 1.8 x 1073, and
the push-pull value was 0.048. This optical information
recording medium fully satisfies the requirements
_prescribed in the CD standardg.
COMPARATIVE EXAMPLE 4

To the pregroove portion in the non-recorded area of
the optical information recording medium prepared in
Example 9, EFM signals were recorded.at a linear speed of

1.4 m/sec with the optimum recording power using a

s
et Has Been Replaced

T




S

NI L e i PR LT L e
e BN K A B s A LT h AL

10

15

SEE 20

...54_

semiconductor laser having a wavelength AE 780 Aﬁ. Then,
this recorded portion was played back in the same manner
as in Example 9, whereby the block error rate was 8.5 x
10-2, and the push-pull value during the play back was
0.009. BEBach of these values does not satisfy the CD
standards. | '

EXAMPLE 10

A polycarbonate substrate molded in the same manner
as in Example 9, 0.85 g of the same cyanine dye as used
in Example 9 dissolved in 10 m¢ of diacetone élcohol
solvent, was coated by spin coating by appropriately
changing the rotational speed: Thé'thickness (d4,,) after
the film forming was 240 nm.

The depth (d,,,) in the pregroove of this light
absorptive layer was 10 nm, and the comblex'refractive
index (n,,c) was 2.7. The wévelength (A) of the reading
laser beam was 780 nm, and the optical parameter (p) at
that time was 0.83. Furtﬁér, As in a non-recorded state
at that time wag -0.22. Further, the thickness (d,,) of
the light absorptive layef on the land was 201 nm.

Over the entire surface of this disk, a gold film
having a thickness of 60 nm was formed by a vacuum vapor
deposition method. Further, on this light reflective
layer, an ultraviolet curable resin was spin-coated and
then cured by irradiation with ultraviolet rays to form a
protective layer having a thickness of 10 pum.

To the optical information recording medium thus

[
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obtained, a semiconductor laser having a Qavelength of
780 nm was irradiated at a-linear speed of 1.4 m/sec for
recording in the same manner as in Example 9, whereby the
optimum recording power was 6.0 mW. With this power, EFM.
signals were recorded at the pregroove portion of the
optical information recording medium. Then, the recorded
portion was played back in the same manner as in Example
9, whereby the reflectance was 72.1%, Ill/Itop of the
read-out signals was 0.84, I3/Itop was 0.42, the block
error rate was 1.9 x 1073, and the push-pull Qalue was
0.052. Further, the push-pull value at the non-recorded
portion was also 0.052. Thus, this optical information
recording medium fully satisfies the requirements
prescribed in the CD standards.
COMPARATIVE EXAMPLF 5

To the pregroove portion in the non-recorded area of
the optical information recording medium prepared in
Example 10, EFM signals were recorded at a linear speed
of 1.4 m/sec wiéh the optimum recording power using a
semiconductor laser having a wavelength of 780 nm. Then,
this recorded portion was played back in the same manner
as in Example 9, whereby the Elock error rate was 8.0 x
10"1, and the push-pull value during the play back was
0.012. Each of these values does not satisfy the CD
standards.

- As described in the foregoing, according to the

present invention, by adjusting the optical phase

T
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difference AS, the thickness of the lighé absorptive
layer at the land portion and the depth of the.pregroove
to prescribed levels, it is possible to provide an
optical information recording medium capable of
satisfying the values prescribed in the current CD
standards, particularly the push-pull value prescribed in
the CD standards as well as the prescribed values for the
reflectance and the degree of modulation, and a method
for recording on such an optical information recording

medium.
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CLAIMS: ot

1. An optical information recording medium comprising a

light transmitting substrate having a spiral pregroove
formed on its surface, a light absorptive 1ayer of a
coloring matter formed on the substrate directly or with
other layer interposed therebetween, and a light
reflective layer made of a metal film formed on the light
absorptive layer directly or with other layer interposed
therebetween, wherein AS < 0.3 wherein AS is the.optical
phase difference répresented by AS = 2dsub{nsub = N (1 -
daps/dsyp) }/A wherein d_,, is the depth of the layer
boundary on the substrate side of the light absorptive
layer at the portion corresponding to the pregroove, d,ps
is the depth of the layer boundary oﬁ the light
absorptive layer side of the light reflective layer at
the portion corresponding to the pregroove, Ngyp 18 the
real part of the complex refractive index of the
substrate and any layer present on the substrate side of
the light absorétive layer, n,,. is the real part of the
complex refractive index of the light absorptﬁve layer,

and A is the wavelength of a laser beam.

2. The optical information recording medium according to

Claim 1, wherein dgup is dgyp > 50 nm.
The optical information recording medium according to
Claim 1, wherein the light absorptive layer is formed on

& part of the light transmitting substrate and a ROM area

wr

m

rein pits for read-out signals are already formed, is
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provided at the 'region where the light absorptive layer

is absent.

4. A method for optically recording information on an
optical information recording medium, wherein the optical
recording medium of Claim 1 is used, and the recording is
conducted by irradia;ing a recording laser beam from the
light transmitting substrate side to deform a layer on
the substrate side of the light absorptive 1éyer.

5. The method according to Claim 4, wherein deyp is dsup
> 50 nm.

6. An optical information recording medium‘comprising a
light tfansmitting substrate having a pregroove formed on
its surface, a.light absorptive layer of a coloring
matter formed on the substrate, and a.light“reflective
layer made of a metal film formed on the light absorptive
layer, wherein 0.03 < AS < 0.3 wherein AS is the optical
phase difference between the reading laser beam reflected
from the light reflective layer at the portion
corresponéing té the pregroove and the reading laser beam
reflected from the light reflective layer at the portion
corresponding to the land located on each side of the

pregroove, represented by AS = 2dsub(n (1 ~

sub ~ Mabs

/8gup) }/M wherein d_, is the depth of the layer

abs

boundary on the substrate side of the light absorptive
layer'at the portion corresponding to the pregroove, d,ps
is the depth of the layer boundary on the light

absorptive layer side of the light reflective layer at
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the portion corresponding to the pregrooée, Ngyp 15 the
real part of the complex refractive index of the
substrate and any layer present on the substrate side of
the light absorptive layer, n_ ..  is the real part of the
complex refractive index of the light absorptive layer,
and A is the wavelength of a laser beam; and 90 nm < dgr
< 350 nm wherein dgr is the thickness of the light
absorptive layer at the portion corresponding to the
pregroove.

7. An optical information recording medium camprising a
light transmitting substrate.having a pregroove ﬁormed on
its surface, a light absorptive layer of a coloring
matter formed on the substrate, and a light reflective
layer made of a metal film formed on the light absorptive
layer, wherein -0.4.< AS < -0.04 wherein AS is the
optical phase difference between the reading laser beam
reflected from the light reflective layer at the portion
corresponding to ‘the pregroove and the reading laser beam
reflected from the light reflective layer at the portion
corresponding to the land located on each side of the
pregroove, represented by AsS = 2dsub{nsub - Ny (l -
daps/8gup) 1/ wherein deup is_the depth of the layer
boundary on the substrate side of the light absorptive
layer at the portion corresponding to the pregroove, 4.
is the depth of the layer boundary on the light
absorptive layer side of the light reflective layer at

the portion corresponding to the pregroove, n,, is the
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real part of the complex refractive index of the

substrate and any layer present on the substrate side of
the light absorptive layer, n,, . is the real part of the
complex refractive index of the light absorptive layer,
and A is the wavelength of a laser beam; and 90 nm < d,,
< 350 nm wherein d,, is the thickness of the light
absorptive layer at the portion corresponding to the
land.
8. The optical information recording medium according to
Claim 6 or 7, wherein d,, > 40 nm.
9. The optical information recording medium according to
Claim 6, 7 or 8, wherein 0.05 < p < 1.6 wherein p =

d,,/A wherein 4,, is the average thickness of the
light absorptive layer.
10.- The optical information recording medium according to
Claim 6, 7, 8 or 9, wherein k,,. < 0.3 wherein k,, o is the
imaginary part of the complex refractive index of the
light absorptive layer.
11. A method fof recording information on an optical
recording medium of Claim 6, which comprises forming pits
in the pregroove of the optical information recording
medium by irradiating a recording laser beam from the
substrate side.
12. A method for recording information on an optical
recording medium of Claim 7, which comprises forming pits
on the land of the optical information recording medium

by irradiating a recording laser beam from the substrate
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side.

13. The method according to Claim 11 or 12, wherein the

light absorptive layer side of the substrate is deformed
by the irradiation of the recording laser beam from the

substrate side.
—_—
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