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OPTICAL INFORMATION RECORDING MEDIUM AND RECORDING METHOD

-1 -

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 re}étes 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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The pﬂesent i nvention relates to an optical information recording nedi um

met hod for recording information on such an optical information
ing nedium More particularly, it relates to an optical information -
i ng medi um capabl e of being optically vammemnlnrOFsﬁﬁﬁﬁ*out, which- -
ses a light transmtting substrape-haviijng a RE@gpove fofned on its
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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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of a detal filmforned on the light absorptive layer, and a nethod for

recording information on such an optical information recording nedium
As optli cal information recording nedia of this type, -conpact dLsks ‘-
(hereilnafter referred to sinply as "CD') have been ptactical.l evel oped-

and widely used as optical informatiom LecordllgﬂgggEglgfsﬁﬁmh( ‘ead only
menory) type wherein pits are already formed o fEdacebansm tting

subst fate by ne%gsi%fd%élng%_press and a

However, such conventional optical recording media of
recordable or writable type using coloring matters in
their light absorptive layers, have a problem that they

5 require new CD players useful exclusively for the
reproduction of the signals recorded on such optical

information recording media, and the information recorded

in such optical information rgcording media can not be
reproduced by commonly and widely commercially available
10 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. )
15 .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

20 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-

25 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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refléctive | ayer of a nmetal is forned on the surface
-2- fhaving such pits. As a further progress fromsuch a RCNItype,
optidal. information recording nmedia have been pr wu i
i nforgmati on can be recorded by |rrad|gt|ng a Iaserp@EQ%ﬁﬁgi BEE
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reproduced, it is necessary to ensure accurate tracking
even when the CD is still in a non-recorded state.
A three beam method or a push-pull method is
generally known as a so—called tracking method for
g 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
10 1is designed to detect lights reflected frbm tﬁe 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
15 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 repreéented by (I; - I,)/I;, wherein
20 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
25 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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bstrate as the user requires. For exanpl e, Japanese
d Patent Publication Kokai No. 89605/1979 discloses an optical
on recording medium which conprises _at |east a.-transparent

a light absorptive |ayer containi hgrHas 6BERT 'ng Pl tler  for ned’
bstrate and a light reflective-layer} forndg®lLokhe | jjght '
e layer, and on which information can optically be recorded and
Rehggonggcgbggg.rnfornation can be optically reproduced.

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 necessary. 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 light absorptive layer containing a coloring
matter formed on.the substrate and a 1i§ht 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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Japanese Unexam ned Patent Publication Kokai No. 189851/1983 or
No. 171689/t984 di scl oses a recording nethod to such an opti cal

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 -
abs/dsub)}/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,..
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

light
No. ;
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contrpst of read-out signals obtained froman optical information
recor @i ng nmedi um Still further, Japanese Unexam ned-Rat-ent—:
Pubki Eation. Kokai No. 257931/1988 di scl oses a1'mﬁ$BH§¥THﬁ$@ﬁﬁ§tion
recor fli ng medi um having prepits, wherein the depth :ofRERRACED . ~ = §

- 3 - prepits is defined. -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
5 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

10 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
15 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
20 ©portion corresponding to the pregroove and the reading
laser beam reflected from the light reflective layer at
I the portion corresponding to the land located on each

side of the pregroove, represented by AS = 2dsub[nsub -

Nl — dabs/dsub)}/h wherein d ., is the depth.of the

25 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

-
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Howeyer, such conventional optical recording media of recordable or

writ bIe type using coloring matters.in their ans: e Iayers )
have} a ,probl em that they require new CD pl ayer (IEE ekl wsEmel! 'y for t he:
reprpduction of the signals recorded on such optd “HPhAGERmt i o &« recording’
nele, and the information recordeed 8im such optlcal I nf ormat1 on recordi ng

medig can not be reproduced by comonly and wi dely commercially avail abl e
CD pj ayerss, fﬁ{ SNPAGE i Sl 'SKSy &F SBktypethe 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
5 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 correqunding.to the
10 .'pregroove. Preferably, dg,, is dgup 2 49 nm. It is also
preferred 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
15 refractive index of the light absorptive 1ayer-i$ kaps <
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
20 side. By this irradiétion, £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

25 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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To conduct the reproduction by comercially available CD players, optical

recordifng nmedi a nust be able to produce read-out S|gnals mhlch satisfy. the
CD.stapdards which are accepted world w dely. To _sat
standafds, it is required that the reflectance i$ er‘tnﬂﬁé%éi“’?’b% Wi t|h
respec to the degree of nodul ation .ofgthe read-olut sidf ACED
is at fleast 0.6, and I[err]/I[err] is fromO0.3 to™0_7; the bIock

rate 1¢ at %%rptgvé &%Eﬂ]Wh%@%lmyrRqu<¥hﬁg £ -0.04 wherein AS

is the optical phase difference between the reading laser

I [err]
error

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
10 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
15 ' substrate and any layer present on the substfate 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
20 absorptive layer at the portion corresponding to the
land. Preferably, dg,, is dg,, 2 40 nm. It is preferred
i 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
of the complex refractive index of

25 imaginary part k.

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

recording information on such. an optical recording medium
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push-fgul |l nmethod is enployed for tracking pits, the push- pull value is

fromQ@.04 to 0.07. This push-pull value will be explained. A so-called
witaflle. CD is expected to be capable of not onIy reprodu0|ng but also . 7
recording information so that read- out signal CREeF Nds seenapove CD
standgrds can be obtained. Accorditqgig,-in ord ﬁﬁyggtgplnfor tion so

t hat

gignal s satisfying the CD standards can bel
comprises forminé pits on the land of the 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
5 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.
10 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.
ﬂ5 -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

20 reflected light.

Figure S is a graph showing 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).

ps 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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-4- rgproduced, it is necessary to ensure accurate tracking even when the
CDis gtill in a non-recorded state. . A three beam method or a

push- pdl |

accur atfel y p03|t|on|ng the |aser pick up so thatTHf

method is generally known as.a so-c
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Figure 7 is a 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 descrised 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 layér (not shown) may be
provided Between the substraée 2 and the light absorptive

layer 3 or between the light absorptive layer 3 and the
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irragi ation positionis in alignment with the pit line on the CD, and the
recoridi ng and reproducing | aser beans can accurately follow the track of

t he

desi

néd to detest lights reflected fromthe rigﬁﬁﬁgﬁ@ﬂﬂlé$$ﬁﬁﬂﬁtions along.:

According to this push-pull nethoduwa-phot-odetectors i s

the tlrack, and the laser pick up is _accurately| gui déXEPBACERE trdck by

conp
Such

ring the quantities of the ITgﬁ?s"reercted fromthe two sections.
a tracking nmethod can be enployed not only for an -

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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I nformation recordi ng nedium al ready recorded, but also for an

I nformation recording nediumin a non-recorded state. Simlar
CD standards (see | EC 908), such a push-pull vajue is 'represented
rr] - I[erri)/I[err], wherein I[err] is the opt] gyer intensity
beamreflected fromthe track,,gnd I [feri: a{AsrBERYIgt es t he
power difference in the two halves am neasured

field. - :
portion correspoﬁding to the pregroove, is designated as

dabs'
The real part of the complex refractive 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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The qurrent CD standards prescribe a push-pull value in an already
recojded state. According to this CD  standards, the push-pull value is
requifred to be within a range of from0.04 to 0.07.at 0.1.Terr]mradial

of f s¢t ,

10

as - 5 - :ﬁehtioheﬁ,abové.f
- 14 - THIS SHEET HAS BEEN
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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 + Napsdy,) - nabs'dgr

= Ngyp dsup ~ nabs(dgr = dj,)

where dgr + dabs = dl + dsub

n
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Howevef, in order to record information so that read- out signals
satisf{ing the CD standards can be obtained, a push-pull value for

record
record
Howeve
conpri
cont ai
refl ec

ng i s al so necessary. The push-pull val ues - : -
ng should “preferably be as close as possi bl FﬂséﬁgﬁTéFﬁéFﬁN
', none of the conventional optpegal informatidn -L

%ing a substrate having a pregroove, a |light absorptive Iayer

hi ng a color& natner forqu on. Qpe substrate and a |ight
ive g sub abs*

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
s 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 = Napg{l = dape/dgyp) 373

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

\
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| ayery fornmed on this |ight absorptive layer, has a standard relating to

such ja push-pull value, or indicates the OptiﬁUﬁYCQpﬁh&h@ﬂguﬁpﬁ i€
supstirate and the light absorptive |ayer satisfyilng. t QLyﬁmnous cofr

ditions

presdri bed by the above-nenti oned CD standards. : ‘ent i on
has en made in view of the above-prgblens. It is a preferred object of
t he esent invention to provide an optical information recording nedi um
wher

y read-out siopals pLEsEilREd1bPet"BoMRaAY Pisltueen the
substrate 2 and the light absorptive layer 3, the surface
of the layer on the substrate 2 side of the 1light
absorptive layer 3 deforms in correspondence with the
5 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
0 represented by a product of the refractive index 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
5 before and after recording (the change APtP. in the push-
a 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
0 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
25 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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can repdily be obtained and a nethod fg¢r optically recording infornmation
an optical information recordi-ng nedi um Specifically, it is
.preferred object of the present inventi-an.lqQ provide.an optical
recordfng nmedi um whereby stable tracking is p’é@HbBHEMHHKQ@EEQe recordi ng

as during the reproducti on, an1d7the push- plRBPLAgEpe . safi sfies the
dar ds. - - —

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 it possible to present an optical information
10 recording medium 1 capable of tfacking on the pfegroove 6
under a stabilized condition by adjusting the optical
phase difference AS to a level within a range of from
0.03 to‘ 0.3. If AS is less than 0.03, the push-pull at
the recorded porEion tends to be too small to conduct
Fs 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.
'éo 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
%25 boundary 8 between the substrate 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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It is§ a second preferred object of the present invention to provide an
opti cgpl recordi ng nedi um whereby the refl ectance and the _de
modul fat.i on during the reproduction satisfy the CD-s Jng-ﬁds

prefefred object of the present invention is tq TH® G 0
optically recording information to sux@ an optﬁgg!,’ frati on fecording
nmedi Unto satisfy the above objects. According to a first aspect .of
the pgresent invention shere i.s+Qrekbdad rdl m@Rtidilod Ny | ordi ng
medi coﬁﬂﬂ?ﬁﬁé?%é?ﬁgﬁ? transmtting substréle ﬁ%ving gﬁggggéiggregroove

for
for

i on 'tﬁd%{)ét?fethé‘ opEhEadbagsrbnte oY thedfr by Ipdik 16 t er

g on ‘t’he strate directly or with another |ayer interposed
t her gpet rédpbdinghtor eheepikvell apeomeadendrtd Micdoddingiyy med on

the |§ ght absorptive layer directly or with another |ayer interposed
t her goet wegh, sHdwad eim Pigure 5, in the case where the change ALd in
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.

25 .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
0 without inversion of the phase between the pit 11 portion
‘ and the non-pit portion..

Further, if recording is eonducted on the pregroove 6
portion when AS < 0, the push-pull is likely to be 0
during thehrecording as shown in Figure 7. 1If the push-
:5 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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st e@optical phase difference represented by [err]S = 2d[err] - n[err](1

h

brr]/d[err])}/[err] wherein d[err] is the depth of t . boundary
e.substrate side of the |ight absorptive lLayerate £ dn _
bsponding to the pregroove, d[err] is the de] Qkpt ertboundary:
e light absorptive layer side-ofi%the |ight|réfleetTVe |ayer at the

on corresponding to the pregroove, nferr] is the real part of the

ex refragtiye.j SSHSiE A i nt on the
rate(E P é %¥ Pﬁgﬁiﬁﬁﬁ'%igzrptiJg Iafgﬁhf%%r%?fﬁgmgﬁgéﬁeal part of
onpl gécgﬁﬁﬁﬁgt med ivadax cfpdbilee |dBhEr D PtunGet aestaBadikear] is
avel ength of "a | aser beam and wherein when O <-[err]S [err]0.3

di Ngcbadseneuc biyngdjustimgriags agvei call piiese - di BEer ehcdSASO tioecor di ng
i s cpnducted on a |land forned adjacent said pregroove. According to

ally recording information on an optical information recordi ng nmedi um
i) t hergpti chkor edol0di ndheediushgfukl aitn the sreceridedndot héonecor di ng
I's cpnducted by irradiating a recording | aser beam fromthe |ight

tranfm ttwnglsbestost smsilde thedaRy HeRteing whil nee sqbSfiaudtsi de of the
| i ghg absorptive |l ayer and by forming pits in the pregroove of the optical

i nf ofmati 6n E£BEOPHPRY H@dﬁ%mlfarﬂwmé}rg -bS 4pBaties than, s0ofdi S s

condfeted by LOLTL0G B £ WA DAU ST 1P 581 SuBIPI 9945 ¢

will be difficult to satisfy the reflectance of at least
10 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
{5 recording medium 1 having a high degree of modulation and
little jitter or wave shape distortion, which ﬁhus
satisfies the CD standards for read-out signals.

Now, the thickness dgr at the portion corresponding
to the pregroove 6 will be described.
.io In a case whefe 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
«‘_5 350 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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ing to a third aspect of the present invention there is provided an
i nformati on recordi ng medi um conprising a |ight transnipt'ng_
<HEET-HAG BEENIAVI ng a
ayekcid ‘a- cglouring
~tgyer nade of a

subst gat e ' s
pregr gove .formed dn its surface, a |ight absor%ii@é
formed on the substrate, and-adg ght refllectiwe

metal §fil mformed on the | i ght absorptive |ayer, mhqfein 0.03 [err] AS
[err] §0. 3 wherein AS is, the .optic | t enc readi ng
| aser fbeandegre&c dﬂéﬁﬂ%éﬁﬁéﬁi%ﬁé ﬁ%??ggg#%égFggeghggbpﬁggpgggion

con o babrchnlc e, Mgt dpachrectors beemmahiectsd 1o
h side oftDRaPIEST RAKS: S0CRAAS UHEbSY: AR DRabE N eEEdrensber ] (1 -
between the recorded portion and the non-recorded portion
tends to be too small to obtain adequate degree of

modulation. On the other hahd, if d;, 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).

fo 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
;5 distortion or jitter when the Fhickness d;, at the land 7
” portion is from 90 to 350 nm. |

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
:o 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
25 modulation. On the other hand, if d,, 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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r]/dlerr])}/[err] wherein d[err] is the depth of the |layer boundary on
substrate side of the |ight absorptive layer at the portion :
espondi ng to the pregroove, dlerr] is the dep —t-He
he |ight absorptive |ayer side of the |ight teff R i
ion corresponding to the pregropyes- n[err] is the r&al-“par't of
| ex refractive index of the substrate and any |ayer present on the

strata 3 degledbecdi DAL BRSAKPLLYS PuRe (MR IS the real part of
I'ght a

conpl'ex refractive in _
w?vel enggh @rfieafbeéséiaga%h_anqn%mdrﬁrﬁds %@éﬂ]dé&{]ibe?éo nm wherein
rr

respQAdinG d e fdiecdr €61 2AVEmBOE inBate wharRGH ¢ N dgLeondted in the
groove of the optical information recording nmedi um According to
ourt hmsnesiiwé ldpepr seamployedt.i ORokiReied | SHY @4dned an opti cal
ormation recording nmediumconprising a light transmtting substrate

| B9 algwegimoien f bs neppbicabiesaltaceo a Idag wiaosini iave | ayer of a )
oldring matter fornmed on the substrate, and a |ight reflective | ayer nade
a netplufdal iy opfretlightt Absbrphivabdayetrisvedister ombmrein -0.4 s AS

~af—t-he- ndary
HIR SHEET FAYSEENt | t he
{ he

ex of the sorptive layer, and [err] is

is the thi ckness of the | i ght absorptive | ayer at the portion

-0.04 wherein AS is the optical phase difference between the reading
bedid itdionat ckrYebnexhets| gatacenteto ke dightatahsargidrei on

responding to the pregroove and the reading | aser beamreflected from
| i gR2¥&F 1 ective |ayer at the portion corresponding to the

Further, the positive and negative symbols for pusa-
pull used in the foregoing description, may bé inverted
‘depending upon the positive or negative setfing 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 iayer 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

S
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
-
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'-océted on each side of the pregroove, represented by AS = 2d[err]

{n[e®r] * n[err](1 - d[err]/d[err])}/[err] wherein d[err] is the depth of
the Bayer boundary on the substrate side of the |ight absorptlve l.ayer at
the gortion corresponding to the pregroove, d[err]-

| ayeg boundary on the |ight absorptive |ayer side ol ?Wﬂ ﬁ?gﬁ EéFFeCElve

| ayelg at the portion correspondi ng-t@2he pregroove|

part gof the conplex refractive index of the substrate and any |ayer present
on t e substrate si of, ¢t | hghHa AHiove dRyeX.is[ere] is the rea

part Jof t Hed ISR S %ﬁ@fkgc??fellnde?bgﬁf -8- the light
absogptive | ayer Q;f[ aHd idadiwg Wwaetengehmof is kasewikedm aand 90 nm
[err [ er W@ %ﬁg O nmwherein dlerr] is the thickness of the |ight

tiveraln%\éero@to lge P tddn6 to attain a reflectance of at
jeast 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. |
:iib . 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 <
€;5 ‘ 1.10 and 1.10 < p < 1.6. 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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corresponding to the land and wherein recording is conducted on the |and of

the opgical information recording nmedium Enbodi ments of the

i nventg.on wi Il now be described by way of exanple only with .reference to.
t he acgonpanyi ng draw ngs in which: - .Figure 1l i a—peatt] M Cross
secti ghal perspective view of an optical informatliomsSeEEFdiIg um 1
accord ng to an enbodi nent of the presdat=inventilon. REPLACER 4upedd js 3
verticpl cross sectional view of the main part of e optical information
recor dgng nedi

um hb5BY BhenmB@iny aiut theadetdwod £e6 ecal l
b i(?%?,r%% {né drsekhbiayg iy B m Ot y

record ion on such optical information recording nedium1l
Figureg3 is fg&ﬁ%iﬁ@abfCpﬁé&u&eibhonal view of the main part in such a

st at e §hat %.pl I's formed in the pregroove 6. Figure 4 is a graph
show

) the reI@ﬁéo?rbphmehowﬁhg dybitiisc ale Jataismn dhdfweeemce fmdrilseand t he
gquantigy of the reflected li‘ght. Figure 5 is a graph showi ng the

rel atipn betyepsctence Ldcénhbechapgesientede hyptd dainel semdei¢etiven before
and afger the recording) and [err]P.P. SFhe change in_the push-pull value
bet weel _bef oo pmalt kéneoft an pEpongntdpl functian @and & PerGF@ph showi ng

t he chaﬁge of the push-pul]l over the_peri.od e )
function, whereby the amplitude of the periodic function

jncreases 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
light absorptive layer 3 is small, the refleFtance shifts
:;5 to a higher side in tﬁe graph..

; Further, this éraph can be represented by an

exponential function having the imaginary part k,,. of

s
the complex refréétive index of the light absorptive
llayer 3 and 4d,, és parameters. As shown in Figure 9, it
4Bo bhas been found tﬁat the overall decrement of the
‘ reflectance in the graph increases as k,,, increases.
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-

5;5 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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Fding, in a case where the push-pull is reversed fromnegs

f5 value of k,,

& i ng before and after the recording. Figure 7 is a graph showi ng =

hange in the push-pull over the period covering bef ore and after the !

i ve. . Figure 8 is a graph show ng the relat ~,_gqﬁﬁk@§ p .’
err]  d[err]/[err]) and the reflectance. — ‘ i's
ng the relation between the i-m&f mary parti k[ er ® ] g conpl ex

Fctive |ndex of the light absorptive |ayer 3-and the reflectance.
fe 1, |s g&%j Iy ¢ross sectional perspective view of an opti cal

t|8n rec rding medium 1, Figure 2 is a vertical cross sectional view -
e mai n paderofcddan ixareomdit fahsi nier st adsor poesdblg medi um 1 before
ding, and Figure 3 is a vertical cross sectional view of the main part
e s3pRrepisecalhe reflectance at the bottoms of the graph in

Figure 8 by controlling the above-mentioned parameters.

5 However, when the optical parameter p is set in the
vicinity of the bottoms;,; it becomes difficult to increase
the degree of modulation and in some cases, the

reflectance is likely to increase beyond the level prior

to the recording. Thus, the optical parameter p is

;0 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

s is an important parameter. Namely, when

this k,ps is at most 0.3, the closer the value k, . to O,
the higher the reflectance. Therefore, this range is
most preferred. However, if the value is too close to 0,

the recording sensitivity will be poor. Therefore, it is

Po 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

abs

)5 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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g ght

inf or mat i on recording medium 1 after recording. This opti
gation-recording nedium 1 conprises a transparent sub 3
absor gtive fayer 3 formed on this substrate 2, a ,pnﬂﬁggﬂhetﬁﬁg% -a

tLyUARRr - DI

reflective | ayer 4. Further,_an inter u-'uﬁ-” Ayer (nof §

cal

‘a |ight
yer 4
med’ on
hown):-

may b@ provided between the substrate 22'5and the | |ght absorptive | ayer 3 or

the-light absorptlve | ayer 3 and the

such definitions of the present 1nventlon 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 absorpeive 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 index of each layer, and d; is
the average thickness ef 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:active 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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-10- Igght reflective layer 4, as the case requires. On the substrate
2, a prpgroove 6 is fornme in a spiral-shape: On each side of this
pregroofe 6, a land 7 i.e. a portion other than the pregroove 6, .Ls..
present§ The substrate 2 and the |ight absor J“Y@g )gerHA@,m in
contactfwi th each other along the first layer bourdary kBPLAdEDKEW S§, . t he

| i ght apsorptive layer 3 and the |ight 26 —

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
0 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
-:5 of from 5.0. x 1073 to 7.0 x 107> 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
;o 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.
L.i:. The erth of the pregroove 6.may be at any level so
.Zkﬁ; long 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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refl ectyve layer 4 are in contact with each other along the second |ayer

boundarg 9. The light reflective layer 4 and the protective |ayer.5 are
in.contgct with each other along the third layer boundary.l8-="5cen \As
shown i@ Figure 3, when a recording beam (a recor gy i s

i rradi aged to the optlcal I nformati on recordi ng ngdi SpLY e

absorpt fve layer 3 absorbs the erergy @ this | asdr.besr and generates
heat , ereby heat defornation takes place on

pregroove 6 is preferably from 0.3 to 1. 3 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
5 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
o 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
5 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
:0 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,
5 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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'rate 2-side to forma pit 11. In some cases, an optical change

t akes pljpce in the | i ght absorptive layer 3. As clearly shown in Figure 2,
the-depth fromthe first |ayer boundary 8 at the_portion correspondlng to
the lancg 7 I ocated an each side of the pregroove |6ThR T HRERE bot t om
portion f the sanme first |ayer boundary 8 _at the porkLﬂn“ggyre nding to
the preggoove 6 is designated as d[err] € fromthe
second |gyer boundary 9

dye, a croconic methine dye and mellocyanlne 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.

0 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
:5 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
)0 CMEC (carboxymethylethyl cellulose) may be mentioned.

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

As an elastomer rubber, a styrene block_copolymer or
a urethane thermoplastic elastomer may be mentioned. |
5 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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at the portion corresponding to the land 7 to the deepest bottom portion
of tfhe sane second 1ayer boundary 9 at the s portion correspondi ng
to.tkhe pregroove, is designated as d[err]. The real ~part of the

conpgex refractive index of the "BEEN |

[T -
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acetyl acetone, hethyl cellosolve or foldene), 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.
g method or a spin coating method may be mentioned. Among
r 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.
10 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 cqnducting spin.
s 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.
Fo For example, gold, silver, coppeF, aluminum or an alloy
thereof is formed into such a metal £ilm 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
5 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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abovefsubstrate 2 and any |l ayer |ocated on the substrate 2 side of the
first §l ayer boundary 8 is designated as n[err].. Nanely, when the |ight
absorf§tive layer 3 is formed directly on the substrate 2 as jillustrated in
Figurd 2, n[err] is the real part of the conplex refractive :index of .the -
substrfjate 2. When any | ayer |located on the substrate gide 0f .the firist

| ayer poundary 8 exists, n[err] is the3Peal part of thdH®EPEET HRS GRAR| X
refrackive index of the substrate 2 and such | ayer. . REPLACED

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. por example, it is formed by coating an ultraviolet
5 Curable 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
10 WSnomer OF oligomer of an-arganic compound capable 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
szbstance may be applied by a known method ;pch as a
ks sputfé;ing method or a vapor deposition method.

In}order to obtaiﬁ a protective layer of an organic
cmlyﬁ;; by the'crosé linking reaction, 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
leastf &% reactlve acryloyl group (-CH=CH,) per molecule,

such ajliquld mixture is coated and then cross-linked by

1rradlation with ultraviolet rays or electron beams.

5 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
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The feal part of the: conplex refractive index of the 1ight absorptive
| ay 3 is designated as n[err]. The average thickness of the |ight
abs '

ptive layer 3 -+ s designated as d[err]. Here, thg- VR T%ngﬁg
] is represented by (volune of the |ight absorptqvﬁ.ﬁﬁﬁ AceH (af e
e region where ‘the light absorptive _layer 3 is faéinsd)- Fhe
ness of the |ight absorptive Iay€r3§ at the portion corresponding to

regroove 6 is designated as .
employed, or the' one curable with moisture in air such as

TTIC

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

5 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

30 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 copolymgr compound

35 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

20 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

25 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,

This Sheet Has Been Replaced




onpl ex refractive index of the |ight absog @g aye—3.1.S.
d as k[err]. The wavel ength of the rjea |nﬂC§§dgﬁ%BM|rng,-

The thickness of the light absorptive |ayer % at the portion
. The |nag|nary part

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
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 -
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
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.
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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-12- eam -L2 is designated as [err]. Further, the optical phase
differpnce of this reading |aser beamL2 reflected fromthe |ight

reflecgive layer 4 between the portion correspo
and the portion corresponding to the land 7, is {d 4
this optical phase difference AS will be descrlbed'
| aser peamis irradiated fromthe - 33

qove 6
. Blow; .
jwhen a

2L A
%ﬁﬁ%il y

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
o 1.5 x 1075 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

‘s even when subjected to a heat.

In a case where ¢ is less than 1.5 x 1075, 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,

00 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

5 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
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substate 2 side, the optical distance to the second |ayer boundary 9 at
the pggrtion corresponding’to the land 7 is represented by: nferr
dierrg -+ n[err] dlerr] when the first layer boundary 8 on the substrate
side pf the light absorptive layer 3 in the pregroové BISSHEERFRSREEN, Hs
t he rjpference. " Li kewi se, the optical distance to'|the seERRCHPayer § ,
boundgry 9 at the portion corresponding 34 the pregrooVe © IS represented

by:

=1ec£ive'layer 4 and the protective layer 5.

i g) ity of o

otk

3
1)
h

adjust=gé to be not higher than 12%, even if it is cured

ected to a heat cycle test to remove a strain of

Byt aTEwt e anbid kil i RN N A

no cracking appears on the protective layer 5.

EX3
PRt
Wt
r

n ccosiceration with the mechanical strength, this

:nz=zge is preferably at most 10%.

L)

zermore, an oxidation resistance layer to prevent

*

f the light reflective layer 4 may be

oxifzTion OL

& between the light reflective layer 4 and the

a0
- ?zo:—,-—-;ctive layer 5.

Z=rording on the optical information recording medium
of == present invention can be conducted by a
cons=ctional optical information recor.ding apparatus as
escrib=c below. Nam'ely_, the optical information

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

it :—.::azzsmitting ‘substrate 2 faces the laser

jrr==3=tion means i.e. the pick up side of the optical
i@tion reco‘rding apparatus. While rotating this
;-o?&. Z2e~=3 information recording medium 1l by a spindle.
 motoz, = laser spot modulated into a signal prescribed in
-¢he CD standards is irradiated to the light absorptive
233'-3.—: 3 o:“. the optical information recording medium 1 by -
fbe p3ck wp to form a pit 11, under tracking by means of
tae ZBove—mentioned tracking guide means.

T Zn.dhe ol;tical information recording method according

to:toe present invention, it is preferred to irradiate a
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nferr] gd[ err] nferr] d[err] when the first [ayer boundary 8 on the
substr@te 2 side of the |ight absorptive layer 3 in the pregrooyve 6
regardgd as the reference. Accordi ngly, the different “‘(ﬁA&?ﬁ?.
opticalg distances is represented as foll ows: ND &8 6 X
nferr] §dlerr]) - n[err] d[err] = n[err] d[elt -Aterr | (d[err]
dierr])f where d[err] + d[err] dlerrT B3d[err]

jaser spot with a wavelength A of about i80 nﬁ. Further,
with respect to the CD standards, the linéar 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 ot et s e e

‘B5

%_“ recording can be conducted by increasing the recording

?k' 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
o 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.

gx; : Thus, it is readily possible to obtain an optical
information recording medium 1 capable of providing read-
out:sigpals satisfying the CD.standards.

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

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

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

~ absorptive layer 3, this light absorptive layer 3 absorbs
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-13- ¥ Narely, dferr] - dferr] = d[err] - d[err]’

d[err] - nferr](d[ferr] - d[err]). ACCOFdII'
readi ngllbeam L2 is irradiated fromthe substrate 2_sigg ﬁLﬁb .
[err]S = . 2ND/[err] of the readi ng beam 2“?efhﬁ@”- -

ND = n[3rr]

di fferclice
| i ght

- 36 -
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 1nventlon 1s applicable not only

1lf-to an optical information recordlng 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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reflect g
is repré

As, sho ;
0.5, thg

ef f ect

have f ol

/e | ayer 4 between the pregroove 6 portion and the land 7 portion
sent ed by: 2d[err]{n[err] - n[err] (1 - d[err]/d[err]))/[err].

st andar G

in Figure 4, when AS is changed within a range of -0 5 < [arr]S <

Freflected |ight becomes maxi mumat [err] 4¥WE%NEEMEA$HP§$ flerence
hd becones nminimumat [err]S = 0.5. The pr ’EPLACERvVe $

hd it possible to obtain read-ow? signals satrsfying the CD

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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within § range of AS < 0.3 fromthe results of experinents and: sinmulation.
Further§ fromthe viewpoint of the practical reqU|renent$w§ush ----- ﬁéﬁhl

unj forngty of the coating layer and the noldability. -ef: @@@Lsuﬁétrate‘2~ )
t he opt §cal phase difference is preferably -0.4 < AS % 0 QELNC . the
tracking error signal i.e. the push-pull éstgnal dep rtlcularJy on

this opfgi cal phase difference AS.

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.

o 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

5 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

Po 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
£5 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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For exgnple, when ASis a positive nunber ([err]S > 0), the optical
di stange at the land 7 portion is long as conpared with the pregroove 6.
| n: t hefr ecordi ng nethod invol ving deformation of the- et L R
+ o0l SHEET. HASe BEEN -
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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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substrjgte 2 at the first |ayer ‘boundary 8 between the substrate 2 and the
| i ght ‘gbsorptive layer 3, the surface of the layer on the substrate 2 side
of .t hel, i ght absorptive layer -3 deforns in correspondence Wi t.h the

def or ion of this substrate 2, whereby the optical " dist; _
recor dg@ portion correspondi ng to the pit 11 becon€$. g ) HAééﬁWﬁi“gly,
as shol® in Figure 5, when the change”A#8 tn the T Tt
bef ore &nd after recording (the optical distance beire:
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.

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

<
Lo

' ;having a thickness of 60 nm was formed by a vacuum
41;639051t10n method. Further, on this light reflective
.layer, ‘an ultraviolet curable resin was spln-coated and
.cured by jrradiation with ultraviolet rays to form a
protective layer having at thickness of 10 pm.
aagciolthe optical information recording ﬁedium thus
obtained,  a semiconductor laser having a wavelength of
fls 780.nm was irradiated at a linear speed of 1.2 m/sec with
7 a recording power of'6.8 mW, to record EFM signals, in
the.same manner as in Example 1. Then, this optical
information reco;ding medium was played back by a
commefciélly aéeiiable CD player, whereby the reflectance
;A. of . the optical information recording medium was 70.3%,.
I-u/Itop obtained frcm 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.

___ﬂﬂ____f_______ﬂ.
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represe Qed by a product of the refractive index and the thickneés of the
| i ght afisorptive |layer at the recorded portion) is [err]/4, i.e. when the
change gn the length of the light path between before.and after recordi-ng

is [err
and aft
the chafge ALd is less than [err]/4,
portiongends to be |arge.

EXAMPLE 3

formed on its surface

180 nm and a pitch of

manner, 0.50 g of the

for about 5 seconds.

"rotational ‘speed was r

140 -nm.

absorptive layer was 6

index (n,,.) was 2.7.”

abs

laser beam was 780 nm,

1.58, the optical phas
pregroove and the land

-0.068.

layer and a protective

heet Has Been Replaced

o

manner as in Example 1.

2, there wi-l be no change in the push-pull value.betmeen bef ore’
recording (the change AP.P. in he push- __pull) . \heres en

tThe?hush- puII'Mﬂ$§§E§fHﬁﬁ@ chr ded
_REPLACED

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

with a width of 0.3 pm, a depth of

1.6 ym, was formed by injection

molding. To the polycarbonate substrate molded in this

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

When the film-forming started, the

educed tp 300 rpm, and the rotation

was continued -until the film was sufficiengly dried to

form a light absorptive layer having a thickness (dg) of

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

6 nm and the complex refractive
The wavelength (A) of the reading

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

e difference (AS) between the

in a non-recorded state was

Over the entire surface of this disk, a reflective

layer were formed in the same

To the optical information



i a case, if recording is nade in the pregroove 6,

t he push- pul
during@@the recording i-s always positive i.e. the phase is not reversed in
the c@@e as shown in Figure 6, whereby tracking can adeguat : ‘
condude ed. Accardingly, when [err]S >0, it ig gﬁ"‘g”?s@{! gg’ @d{ptsosﬁé%' uc;t .
the rd nd-

ording in t he pregroove, whereby recording
condu, ed smoothly with a minimum varia2on in the as between

portlon and the non- plt portion and w t hout inversion of the phase
recording medlum thus obtained, a semiconductor laser

r’peposced i on dan be .

having a wavelength of 780 nm was irradiated at a linear
speed of 1.2 m/sec with a recording power of 6.8 mW, to
. record EFM signals. Then, this 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/I o, Was 0.40, the block error rate was 5.2

o =x
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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portion. §

is.likel
shown in

t®e push-pull between the pokttion of pit 11 and the non- pit

If recording is made on the land 7 portion when AS >

that the push-pull |evel beconmes 0 during ' rgﬁ@fd&ﬂgﬁE§5r-q
igure 7. If.the push-pull . .

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

abs
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
(ng b) 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 0.3.

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 semicondugtor 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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kcomes 0, tracking during the recording will be wunstable, thus.:

Bto mstracking or jitter. As a result of the stud
-'|nventors have found it possible to present

ed condition by adjusting the optlcal phase i f £ &

‘hln a range of from 0.03 to 0-3%4|T AS is leSs than 0.03, the-

t he recorded portlon tends to be too small to conduct
15 mm and hav1ng a spiral pregroove formed with a width

of 0.4 pm, a depth of 180 nm and a pitch of 1.6 um, 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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tracki nggunder a stabilized condition. On the other hand, if AS is_larger
than 0.3f the reflectance at the recorded portion will - vel eby
it, becongs difficult to satisfy the reflectance of 2 e AW .
prescribgd in the CD standards. In the case whey 8V¥RS.ge0bSERe~6DTI cal -

di stancegof the pregroove 6 portion is | Qng as conpar et t he Iand 7
portion. §As nenti oned above with respect gg fhe case ~where AS > 0, in the
recordi n@ met hod i nvol vi ng .
the same manner as 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%;,
5 111/1top obtained from the eye pattern of the read-out
signals, was 0.65, I3/Itop 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
:rs 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
Bbo 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
5 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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def or mat il of the substrate 2 at the figst layer boundary 8 between the
substratcg and the |ight absorptive layer 3, the surface of the |layer_on

the subsgate 2 side of the |ight absorptive |ayer 3 d e -
i §6' B ’ -P ' Y THIS SHEET W\:m
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the rotation waslcontin&ed until the £ilm 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 (n,,s) was 2.7. The.wavelength (A) of the reading
‘jaser beam was 780 nm, and the optical parameter (p) at
that ﬁime was 0.52. Further, since the refractive index
(Ngup) of the polycarbonate as the substrate material was
10 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. .

: ;5 .Po the recordable région'of the optical information
5 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 Exampie 1.
'?;6 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-

i ; pull value was 0.070. This optical information recording

medium fully satisfies the requirements prescribed in the
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ﬁ%ﬁCe with the deformation of the substance 2, whereby the}

opti cafédi st ance of the recorded portion corresponding to the pit 11
becomeg@short. Accordingly, as shown in Figure 5 in the.case where the:
changejLd in the optical distance is [err]/4 (difference in the 1ight -
pat h: rr]/2), thereewill be no difference in the push-pull bet ween t he

f portion and the non-recorded pertdi7or (the HAS BEEN fie
). Wereas in the case where the change [ ﬁVﬁL b§A¢@§s t han .
B (he PU3NIPULLaShe.

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 ref#?ctive 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 vacuum 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
b5 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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fded portion tends to be | arge. If recording is made on the
such a case, the push-pull during the recording is almays

4 |i.e. the phase is not inverted as shown in F|gure 6 A

@ can satisfactorily be conduct ed. Accor gh-r

0, it igpreferred that the recording is conducted

recordi and reproduction can be conductdl -under a

with a ni mum variation in the push-pull as

same manner as in Example 1. Then, this optical

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.

av

The depth (d,,.) in the pregroove 6 of this light

abs

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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Fthe pit portion and the non- th portion and w thout inversion of

the phse between the pit 11 portion “and the non: >

Furtheg, if recording is conducted on-the pregro VEHIS 36 [err]S
< 0, e push-pull is likely to be 0 - during the |recor&& ' bi.n
Figurcg7. If the push- pull becones 0, tracklng uring the recordlng\MIl
be ungtable, thus leading to n1strackrné or- jitter. As a result of
the st@gdy, the present inventors have

laser beam was 780 nm, and the optical parameter (p) at
that time was 0.48. 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 0.052.
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
:'10 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
jils 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
il'o 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
; ;5‘ I;1/I¢op 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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-17 - und it possible to present an optical information recording nedrum
1 capagl e of tracking under a stabilized condition by adjusting the :
optic phase difference [err]Sto a level within a r af _ from.-0.04. to
-0.4. B [err]Sis larger than -0.04, the push-pull atT ﬁﬁHEEC@m@aQ;N
porti of . ‘REPLACED' -

optical information recording medium sufficiently
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,
10 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.

15 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
%20 appropriately changing the rotational speed. The
thickness (éav) after the film-formation was 260 nm.

The depth (d,,,) in the pregroove of this light
absarptive layer was 57 nm, and the complex refractive
index (n,, ) was 2.7. The wavelength (A) of the reading
5 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

This Sheet Has Been Rep
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w il be i@o snall, whereby tracking will be difficult. On the other hand,

If this Js snaller than -0.4, the reflectance at the recorded portion
wi |l be Il1,.and it wll be difficult to.satisfy the reflectanpe of, at..
| east 7(@o’as prescrlbed in the CD standards. hbM/'Lﬁg b: at'
the portigen corresponding to the pregroove 6 will be’ dEscrvbéd‘”By o

adjustindkthis dsub to a level of at |east 50 hm | réferﬁﬂﬂL 60
nm it i gpossible to obtain an optlcal i nformation :

0.11.
The thickness (dgr) of the light absorptive layer in
the pregroove was 290 nm. '
Over the entire surface of this disk, a gold film
5' having a thickness of 60 nm was férmed 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.
10 ~ 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
15 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
20 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
25 ' 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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¢ ‘ng medi um 1 having a high degree of nodulation and little jitter or
#@hape distortion, which thus satisfies the CD standards for read-out

Now, the thi ckness dlerr] at the portion correspondi ng

IS0 S _ s
the {ffegroove 6 wi |l be described. . I'n a case where recordiagTSgeaN
ifted in the ‘pregroove 6 when the optical phase dijf H QU AS
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}.lng can be conducted under goed gondition Mﬁth I

10

15

20

25

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

0.022, Each of these values does not satisfy the CD
standards.
EXAMPLE 9

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
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'-
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,
to form a light absorptive layer having an ;vefage
thickness d,, of 210 nm.

The depth (d,, ) in-the prégroove of this light
absérptive layer was 12 nm, and the complex refractive
index (n,, ) was 2.7. Since the wavelength (A) of the
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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t hi cknggs dgr at the pregroove 6 portionis from90 to 350 nm

Especi &ly when d[err] is from150 to 300 nm recording can be conducted
under tfhe optimum condition with a high .
- 18- gree of nodul ation and no su stantial change

- 53 -~

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.

5 ~ 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
10 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 6f 1.4 m/sec for
recording, whereby the optimum recording power was 6.5 |
:f 15 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
: 220 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
25 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

-
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p thi ckness d[err] at the portion c%?respondlng

e

as between before and after the recording. If d[err] is smaller

e nm the:optical phase difference between the recorded portion and

recorded portion tends to be too snall to obtain adequate degree
lation.- On the other hand, if d[err] exceeds 350.nm jitter and
di stortion wi-l| be substantial, and it becomes’ dlfflcult to

the CD standards with respect to the bl ock error. ¢z

semiconductor laser having a wavelength AE 780 Am. 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

5 0.003. Bach of these values does not gatisfy 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
j0 in Example 9 dissolved in 10 m¢ of diacetone alcohol
solvent, was coated by spin coating by appropriately
changing the rotational speed: Thé'thickness (d4,,) after
the film forming was 240 nm.
The depth (dg,,) in the pregroove of this light
15 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 oﬁ 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
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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to the Ippnd 7 w Il be descri bed. In a case where recording is
conduct on the land 7 when the optical phase difference is [err]S < 0O,
excel l e recordi ng can be conducted with little wave shape di stortion or
jifter When the thickness d[err] at the land 7 portion.i §TF D .ok
nm Especially whén d[err] is within a range of from §0
recordi ngg can be conducted under an optinungscondition wt
of nodul gtion and no

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.

5 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

10 error rate was 1.9 x 1073, and the push-pull value 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.

15 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

20 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

25 standards.

- As described in the foregoing, according to the

present invention, by adjusting the optical phase

-
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substant§al change in the push-pull between before and after the

recordi np.

bet.ween,

nodul at i

If dlerr] is smaller than 90 nm the optical phase difference

n. On the other hand, if d[err] is larger 330 nm REPIAG

he recorded portion and the non-recorded porti ~—Betu
before apd after the recording, tends to be too snaa Tmmaw%@@ﬁﬁ@dﬁ. ugt e
ve

shape di

tortion will be substantial, whrer®y-it becomes difficult to -

satisfy ghe CD standards .

difference AS, the thickness of the light 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

5° 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

10 medium.
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---—--="=tn the foregoing,

the ifpventi on has been described wth reference to an enbodi nent wherein a
singl | ight absorptive |ayer is enployed. However, the same descrLi
icable also to a case wherein a
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pt i on

...57.-.
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

10 phase difference represented by AS = 2dsub{nsub = Mgpe(l -

Q.ps/Gsup) }/A wherein doyp 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

15 absorptive layer side of the light reflective layer at

the portion corresponding to the pregroove, Ng,p is the

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

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

20 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 dsub is dsub > 50 nm.

‘3. The optical information recording medium according to

Claim 1, wherein the light absorptive layer is formed on

a2 gart of thre light transmitting substrate and a ROM area

wr

m

zein pits for read-out signals are already formed, is
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prural ty of |ight abSorptive layers exist, or an additional |ayer exists"
adjace t to the light absorptive |ayer. Further, the positi &l
or push- pull used in the foreg0|ng de Td § f{*“‘ e

\ﬁ B“Eﬁi \x\“ﬂm ng upon the positive or negative sett{hgioF'

ere S no change I n the synbol for push-pul

after

10

15

20

25

i,s inverted, the sane descriptiof is -
ween before and

~ 58 -

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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recor di ng.

dlerr
and s
nferr
opt4 c3l
l'i ght
substr

—

reget et Ny P = njerr|

[[err mAII be described. . Fromthe results of the exper| ent s
mul ati on nventors, it has been found thet:
dierr]/ mﬂlj liﬁ!ﬁl t!“;por tant paraneter. ¢ Wi
|nfor dium 1 having a st ugnav & at a
absorptive |ayer 3 and alight reflective | dyer 4a+€ forned on a
ate 2, it is -~ 59 - 3

10

15

20

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 4, 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{n (L -

sub ~ Tabs
daps/8gup) 1/ wherein dgyp 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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the conplex refractive index of the |light absorptive layer 3, d[err] is

the avefage. th| t hi ckness d[err] of the pregroove 6 portion
and the | 'm gm”m ‘w ~20- thickn T
R

| and 7 portlon

inportanF that p = n[err] d[err]/[err] wherein nabs is the real part of
[

- 60 - b

real part of the complex refractive inde; 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,

5 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.

8. The optical information recording medium according to

10 Claim 6 or 7, wherein dg,, > 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.

15 10.- The optical information recording medium according to
Claim 6, 7, 8 or 9, wherein k,,. < 0.3 wherein k,,. is the
imaginary part of the complex refractive index of the
light absorptive layer.

11. A method fof recording information on an optical

20 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

25 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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mavelewgth of the reading laser beam Is set wwthin a range of 0.05 < p <
1.6 tojattain a reflectance of at |east 70% and output signals with a
degreejof nodul at i of at least 60% and a degree of

smodud agi on I[err] IHM“ w Ml%{ao 3to 0.7, as prescribed in the CD
standaads By adj paraneter p within the above range,

the refll ectance can be easily made to be at |east 70% as prescribed in the
CD st ajdar ds. If pis smaller than 0.85%, -the thickness d[err] of the

[}
side.

13. The method according to Claim 11 or 12, wherein the
light absorptiye layer side of the substrate is deformed

by the irradiation of the recording laser beam from the

5 substrate side.
—_—
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| i ght abﬁorptive | ayer 3 will have to be nade as thin as 0.05 [err]mor

| ess, sugh being not practical fromthe viewoint -of the production.
Accordlncly, within the range of 0.05 < p [err] 0.6, a range of 0.30 < p <
0.6 is practical. In order to secure an adequate degree of nodul atii on,

the opti¢al parameter p is preferably at least 0.1. In order to obtain
stabilize¢d recording properties with a higydegree of nodul ation, a range
of from0.45 + 0.1 is nost preferred.

ABSTRACT

An optical information recording medium comprising a
light transmitting substrate having a spiral pregroove
formed on its surface, a light absorptive layer of a

5 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

10 phase difference represented by AS ='2dsub{nSub =~ N (1 -
d,ps/8gup) }/A wherein 4., is the depth of the layer
boundary on the substrate side of the light absorpéive
layer at the portion corresponding to the pregroove, 4,,.
is the depth of ﬁhe layer boundary on the light

15 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 ohlthe suBstrate side of

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

20 complex refractive index of.the light abéorptive layer,

and A is the wavelength of a laser beam.
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& as shown in Figure 8, even if p is higher than 0.6, if it ig at =~ _
g5 on the graph of Figure 8,,/dt is possible that the refl ectance’” 7Y
- 70% .Wthin a range ofl Tsirom 0.6 <p<1.6, there are two

i ch al ways exist within the ranges of 0.6 < p < [I13Q s#R€T HAEOREEND
At such peaks, a high reflectance can be obtained. If pgpLabEp the
pss  of the layer is so thick that it becones diffi"ewuttT0

FIGURE . |
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enti al

‘odyction. . The graph sho
bctance, \;&g%f

can be represented b
function and a periodic

FIGURE

this relation between p and thg,

control the thickness, such being hot practical fromthe ' viewpoint -—-

. : : . . -’V
unction which is a conbination of an/‘s~
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@, whereby the anplitude of the periodic function |ncreases,q5-pbq/3~
‘i ncr eases. The anplitudgSof this periodic function varies

ﬂg upon paraneters such as the conplex refractive indices of the
constituting the optical information recording nedium their

esses and the wuniformty thereof*. For exanple, if the refractive

of a layer located on the incident |ight side of the |ight

ive layer 3 is small, the reflectance shifts

F‘;GURE 4q
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n exponenti al

enent of the

i gher side in the graph. Further, this graph can be represented
function having the imaginary part k[err] of thes4 s /¢
ex refractive index of the Ii absorptive layer 3 and d[err] as
neters. As shown in Figure 9, it has been found that the overall
reflectance in the graph increases as k [err]

the simul atiion prepared by the present inventors, it has been found
so long as the light

FIGURE 6
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rptive layer 3 is honbgeneous and there is no non-
ribution in the real part n[e%é] of the conplex refractive
.he<average thickness d[err], e wll be no variation in
odi ¢ cycle of the peaks .
1 gt.aph. . .

(. FIGURE 8
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> Under certain conditions, it is also possible to increase the reflectance
at the bottons of the graph in Figure 8 by controlling the above-nenti oned
paraneters. However, when the optical parameter pis set inthe vicinity
of the bottons, it becones difficult to increase the degree of nodul ation
and in sonme cases, the reflectance is likely to increase beyond the |evel
prior to the recording. Thus, the optical paraneter pis preferably set
in the vicinity of the peaks.

-1 -

OPTICAL INFORMATION RECORDING MEDIUM AND RECORDING METHOD

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
transmitting 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 £ilm formed on the iight absorptive layer, and
a method for recording information on such an optical
information recording medium.

As optical information re;ording média of this typé,
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 press and a

reflective layer of a metal is formed on the surface

I
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Is required to be at nost 0. 3.

s nost preferjrgd.

naving such pits.

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

For example, Japanese Unexamined Patent Publication
No. 89605/197§ discloses an optical information recording
medium which comprises at least a transparent substrate,
a light absorptive layer containing a coloring matter
formed on the substrate and a light reflective layer
formed on the light absorptive layer, and on whicﬁ.
information can optically be reco;ded and from which the
recorded information can be optically reproduced.

Further, Japanese Unexamined Patent Publication Ne.
189851/1983 or No. 171689/1984 discloses a recording
method to such an optical 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 fqrmed
on a substrate having a pregroove, to improve the
contrast of read-ocut signals obtained from an optical
information recording medium.

- Still further, Japanese Unexamined Patent Publication
No. 257931/1988 discloses an optical information |

recording medium having prepits, wherein the depth of the

This Sheet Has Been Replaced
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the recprdimg-sensitivityy will

ibmﬂ k[err] will be explained. In order to wuhgbU¥§¥ gh$ﬁ§ﬁdactance,

this k[err]
found that the nunerical value of k[err] is an ijngortant paraneter.
when this k[err] is at nost 0.3, the closer RieeDESI 1986k [lerjr] to O,
‘the higher the reflectance. Therefore, Ehls range

if the value is too close to 0
Therefore, it is
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. required to be larger than 0. Specifically, it is [PrgLera t
© 0.01. Practically, it is preferably about O0.O05. R%% ée(f%%\gaé%%ﬁgal
paranmeter p is within a range of from0.05 to 0.6,| tjhe i magi nary pant

=k[err] of the conplex refractive index of the sang |jay2® DECPIObernall y at
nmost 0.3. When p is within a range of fromO0.6 to {1.16, k[err] is
preferably at nost 0. 2. -3 -

—_—

prepits is defined.

Ho&ever, such conyentional 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 uéeful~exclusively for the
reproduction of the signals recorded on such optical
information recording medié, and the information recorded
in such optical information recordﬁng media can not be
reproduced by commonly and Widely commercially available
CD players for compact disks of ROM type. L A

To conduct the reproduction by commercially available
CD players, optical recording media must be able to
produce read-out signals which satisfy the CD standards
which are accepted world widely. _

-To satisfy the CD standards, it is required that the
reflectance is at least 70%; with respect to the degree
of modulation of the read-out signals, I,;/I.,, 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 10°2; 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 capable of not only
reproducing but also recording information so that read-
out signals satisfying the above CD standards can be
obtained. Accordingly, in order to record information so

that signals satisfying the CD standards can be
R
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Spar ent

~23- Such definitions of the present inventio
when ot her | ayers are provided. For exanple, in a
| ayer such as an enhancing |ayer of e.g. SiQ2 or

provi ded between the substrate 2 and the |ight abs

- 4 -

reprodUCEd, it is necessary to ensure acéurate tracking
even when the CD is still in 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
jrradiation position is in alignment with the pit line on
the CD, and the recording énd reproducing laser beams can
accurately follow thé track of the CD.

According to this push-pull method, a photodetector
is designed to detect lights reflected from tﬁe right and
left sections along the track, and the laser picﬁ.up.;s
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 only for an
optical information recording medium already recorded,
but also for an oﬁtical 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,)/I,, 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, qgg push-pull value is required to be within a

range of from 0.04 to 0.07 at 0.1 pum radial offset, as
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| ayer 3, such a transparent |ayer 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 |ayer,
is provided between the |ight absorptive |ayer 3 aqﬂgqﬁgEME@p%ﬁE ective
| ayer 4, such an additional |ayer nmay be taken as p seeon
absorptive layer 3, and the optical _pgrameter p w %@[err] dierr]
+n[err] d[err])/[err] In a case of a plurality of a?eé@lﬁl 6op'.t|cal
parameter p will %ep err](n[err] dierr])/[err] ‘Where i is an{nteger
and n[err] mentilie8e be

However, in order to record information so that read-

out signals satisfying the CD standards can be obtained,
a puéh-pull value for recording is also necessary. 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 light absorptive layer containing a coloring
matter formed on the substrate and a light reflective
layer formed on this light absorptive layer, hasa =~ -
standard relating to such a push-pull value, or indicates
the optimum conditions for the substrate and the light
absorptive layer satisfying the various conditions
prescribed by the above-mentioned CD standards.

The present invention has been made in view of the
above problems. It is an object of the present invention
to provide an optical information recording medium
whereby read-out signals prescribed in the CD standards
can readily be obtained and a method for optically
.recording information to such.an optiéal 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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t hi ckness of each layer. In this manner, even thejc
plurality of layers, can be dealt with in the sang : I kel e, a
conposi te conplex refractive index K representing|the 26 Drmeae R
plurality of k[err], can be obtained by K = [err]d[err]-k[err]/
[err]d[err] where k[er] is the inagingry part of {he comprex—Tefracftive

i ndex of each layer, and thus this case can be dedlt with in the sgme
manner as in It is a second object of the present invention to

of the cbnplex refractive index of each |ayer, and[d @gﬁ&"s e —aver age
EVENT SHEER
y Li

provide an optical recording medium whereby the
reflectance 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 recording medium
comprising a light transmitting substrate having a spiral
pregroove formed on its surface, a light absorptive layer
of a coloring matter formed on the substrate directly or
with other layer interposed therebetween, aqd a light
reflective layer made of a metal film formed on the light
absofptive layer directly or with other layer interposed
therebetween, wherein AS < 0.3 wherein AS is the optical
phase difference represented by AS = 2dsub{nsub = Dol -
d,ps/dsyp) }/A wherein d_,, is the dépth of the layer
boundary on the substrate side of the light absorptive
layer at the portion correspoqding 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 substfate side of

the light absorptive layer, N,,s is the real part of the
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the case of a single |ayer. Now, the nateriaIs‘and—phgs%taf—grogerties
of the respective layers will be descri bed. First!y,Rm%éC M@M&SH ET

transmtting substrate 2 is nmade of a material havinpg}
- 24 - high transparency with a refractive index Wthin@pENews

...7...

complex refractive index of the light abséfﬁtlve layer,
and ) is the wavelength of a laser beam. Preferably,
dgub is dgyp 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 coﬁducted.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.

According to the second aspect, the present invention
provides an optical information recording medium
comprising a light transmitting 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 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 -
Daps(l = dape/dg,,) }/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, 4,,. is the depth of the layer boundary on the
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of froml1l.4to 1.6 to |aser beans and is usually
excel | ent

EPRACEMENTE S} EEThaLVI ng

resin

i npact strength. For exanple, a glass p

plate or an epoxy resin plate can be enployed. Fuft er qt her Iayers such
sol vent resistant layer of e.g. SiC2 and an kenhadd REC 19%6er, [may be

formed on the substrate 2. Such a material is
I njection nolding nethod. The thigkness of it he substrate 2 i|s

preferably froml1l.1 to 1.5 mmto satisfy the CD

| ded_by a netlhgqd such

1ight absorptive layer side of the light reflectlve layer
at the portion corresponding to the pregroove, Ng.p 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 < dgr
< 350 nm wherein dgr is the thickness of the light
absorptive layer at the portion corresponding to the
pregroove. Preferably, d.,, is dg,, > 40 nm. It is also
preferred that the optical parameter p is 0.05 2p = l 6,
wherein p = n,, -d /A wherein d,, is the average
thickness of the light absorptive layer. PFurther, it is
preferred that the imaginary part k, . of the complex
refractive index of the light absorptive layer is Kaps <
0.3. A method for recording information on such an
optical recording medium comprises forming pits in the
pregroove of the optical information recording medium-by
irradiating a recording laser beam from the substrate
side. By this irradiation, the 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 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
I —
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nt i.novent.ion,

standards. To obtain adequate effects of the pres

pol ycarbonate is preferred as the material for t1eR§qM§EMENEBSHEEFu t her,

the thermal expansion coefficient a of the subst
Fevel of from5.0 x 10[err] to 7.0 x 10[er]r cn |
guide neans is a provided on the surface at the §
the substrate 2. Such a tracking guide neans may

afe—2—ts—prefer
enr] C t
Lok or%)f’iQ/%C I'Bﬁbr

beé so-called sa

ably at a
Fafki ng
3| side of

e Servo

i.e. address pits conposed of pits formed at predeterm ned

apsorptive layerz wherein -0.4 < AS < -0.04 wherein AS
js the optical phase difference between the reading laser
peam reflected from the light reflective layer at the
portion corresponding to the pregroove and the reading
jaser 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 -
nps(l = d,ps/doyp) 3/M 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,,. is the depth of the layer boundary on the
;ight absorptive layer side of the light reflective layer
at the portion corresponding to the pregroove, n_, 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 < 4p,
£ 350 nm wherein d,, is the thickness of the light
absorptive layer at the portion corresponding to the
land. Preferably, dgup is dsub'i 40 nm. It is preferred
that the optical parameter p is 0.05 < p < 1.6 wherein p
= Npsd,,/2 wherein d,, is the average 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 Kaps £ 0.3. A method for

recording information on such an optical recording medium
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itntervals. However, a pregroove 6 fornmed in a spiral shape (Figures 2 and
3) is preferred. The spiral pregroove 6 is used te—guide-the tracking when

data signals are to be recorded. The depth deEHGKﬁNEﬂWdﬂ%ﬁTG may be

at any level so long as it neets the usual conditi gns—Howevers Hept h

of from30 to 250 nmis suitable. Preferably, thé de mo6p to 180

nm Further, the width of the - 10 - péBDéé&éé) :
ises forminé pits on the land of the-optical |

compt
information recording medium by irradiating a recording

jaser beam from the substrate_side. By such irradiation,
the light absorptive layer side of the substrate will be
deformed. |

In the accompanying drawings:

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

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

-Figure 3 is a vertical cross sectional view of the
main part in such a state 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 quantity of the
reflected light.

Figure 5 is a graph showiqé the relation between ALd
(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 showing the change of the push-

pull over the period covering before and after the

recording.
Sheet Has Been Replaced
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- pregroove

6 is preferably fromO0.3 to 1.3 [err] bet ween
one pregroove 6 to another pregroove 6 i.e. a gﬁﬁﬁéﬁﬁ@@ﬂigd@ﬁprg pitch is
preferably 1.6 [err]m Further, as the trpc ki ng neans  sugh jas the

~pr egr oove

DO

6, the tine code information (ATIP:| aps@&DEC 1998 i{n

- 11 -

Figure 7 is a graph showing the chanée in the push-
pull over the period covering before and after the
cecording, in a case where the push-pull is reversed from
neg;tive to positive.

Figure 8 is a graph showing the relation between p
(=nabs'dav/h) and the reflectance.

Figure 9 is a graph showing 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 Figures 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

__—-———————~—*“—""”—" - REPLACED

layer 3 or between the light absorptive layxf§ﬁgggggphgsgﬁmv\
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pregroove) may be recorded al ong the edge of the
pregroove is usually formed by pressing a stanper

i njection

With a | aser beamor by a 2P net hod (photo-pol yner
| ight absorptive layer 3 is a layer of a |light ab
on the tracking guide neans of the.supstrate 2. |

under goes
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nol ding of the substrate 2. However, it
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1ight reflective‘layer 4, as the case reduires.

On the substrate 2, a pregroove 6 is formed in a
spiral-shape. On each side of this pregroove 6, a land 7
j.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 abéorptive layer 3 and the light
reflective layer 4 are in contact with each other along
the second layer boundary 9. 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 absorptive
layer 3 absorbs the energy of this laser beam Ll and
generates heat, whereby heat deformation takeslplace on
the substrate 2 side to form a pit 11. In some cases, an
optical change takes place in the light absorptive layef
3. As clearly shown in Figure 2, the depth from the
first layer boundary 8 at the pdrtion.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 correspondihg to the pregroove 6 is
designated as deube
Likewisé, the depth from the second layer boundary 9

at the portion corresponding to the land 7 to the deepest

bottom portion of the same second layer boundary 9 at the
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-heat generation, fusion, sublimation, deformation or property change when

i rradi at ed

1i ke disso

with a |aser beam This |ight absorptive layer 3 is forned by
uniformy coating on the surface of the substrate 2fa e gyE, he
[ [ | ved in a solvent by a nethod such as a spinRE%@kaﬁH?ﬁgﬁﬁgd
As the material for the light absorptive |ayer 3, any jconventional ¢pgical

information material may be used ta pptain the effedt

i nventi on.

[da)

0P 4t BECPRese

However, a

¥

portion correspoﬁding to the pregroove, is designaged as
daps*

_The real part of the complex refractive index of the
above substrate 2 and any layer located on the substrate
2 side of the first layer boundary 8 is designated as
fgyupe 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 located on the
substrate side of the first layef 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
light absorptive layer 3 is designated as n,;,.

- The average thickness of the light absorptive layer 3
is designated as d,,. Here, the average thickness d4,, is
represented by (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 4,,-

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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| 1'ght absorptive organic dye is preferred. Specifically, Ilght absorFtlve
organi ¢ dyes such as a pol ynet hi ne dye, a triarylpetthane—d ylium
dye, a phenanthrene dye, a tetrahydrocholine dye,zﬁﬁ%&@ﬂﬁ%ﬁnﬁﬂﬁﬁé)e, a

squarylium - 26
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peam) L2 is designated as A.

Further, the optical phase difference of this reading
laser beam L2 reflected from the light reflective layer 4
petween the portion corresponding to the pregroove 6 and
the portion corresponding to the land 7, is designated és
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
layer boundary 9 at the portion corresponding.to thg_laq@
7 is represented by: |

Nub*dsup * Daps*din
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 to the pregroove
6 is represented by:

-d

Dabs gr

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 = (n -d + n -d -n -d
( sub “'sub abs 1n) abs “gr This Sheet Has Been Replaced

nsu!:'dsub - nabs(dgr ~ 91a) ||I|| |III|| III Ill

where dj. + d,,, = d;, + 4
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dye, a croconic nethine dye and nel |l occyani ce dye, nmay be
However the material of the light absorptive layer is
exanpl es. The effects of the present invention can be pbt
rt is a conventional optical recording material.
absorptive layer 3 may contain other dyes, resins (e.g.
resin such as nitrocellulose, or a thgnpplastic el ast d
rubber, etc.

-‘dl = dgup ~ Qabs

n su

Namely, d,,
Accordingly, ND = Ngup 9sup = Naps(dsup — 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
reflective layer 4 between the pregroove 6 portion and
the land 7 portion is represented by: |

stub{nsub - Naps(l - dalzis/dsub)}/k‘

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

The present inventors have found it possible to
obtain read-out signals satisfying the CD standards
within 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
and 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 oﬁ this optical phase
difference AS.

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

In the recording method involving deformation of the

THIS SHERT ;7
RLPLAC
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Specifically, isobutylene, a naleic anhydride copol REPLAGEHEN T oHERE vinyI

acetate copolyner, chlorinated polypropyl ene, polyethylene oxide,
-pol yam de, nylon, a cunarone resin, a ketone resin, |ajvinglpes439s e
pol ystyrene, PVA (polyvinyl alcohol) and PVE (pol yvipylf ester) may,
exanpl e, be nenti oned. As a cellul ose derivative, '
cellulose, nitrocellulose, HPC (hydr@gypropyl celluljose), HEC

DI

(hydroxyet hyl cellulose), MC (nmethyl cellulose), EC °
substrate 2 at the first layer boundary 8 between the

substrate 2 and the light absorptive layer 3, the surface
of thellayer on the substrate 2 side of the light
absorptive layer 3 deforms in correspondence with the
deformation of this substrate 2, whereby the optical
distance of the recorded portion corresponding to the pit
11 becomes short. Accordingly, as shown in Figure 5§,
when the change ALd in the optical distance between
before and after recording (the optical distance being
represented by a product of the refractive index and tpg
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 before and after recording is A/2,
there will be no change in the push-pull valye between
before and after recording (the change AP.P. in the push-
pull). Whereas, when the change ALd is less than A/4,
the push-pull value at the recorded portion tends to be
large.

In such a c;se, if fecording is made in the pregroove
6, the push-pull during the recording is always positive
i.e. the phase is not reversed in the case as shown in

Figure 6, whereby tracking can adequately be conducted.

Accordingly, when AS > 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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cel lul ose), EHEC (ethyl hydroxyet hyl cellul ose
(carboxynet hyl et hyl cellul ose) may be nenti oned.

ol i gostyrene or nethyl styrene oligoner nay be nenti ¢néd.
el ast omer rubber, a styrene bl ock copolyner or a ur gt ar@étDEﬁﬂ%?ﬂa tlc
el ast oner
appl yi ng
known organi c sol vent (such as ketone al cohol,

may be nenti oned. The |ight absorptive llayer 3 is for
t he above-nenti oned dye and- dmi€al additiJes dissolved in

the push-pull between the portion of pit 11 and the non-
pit portion.

If recording.is made on the land 7 portion when AS >
0, it is likely that the push-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 it possible to present an optical information
recording 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
.b.03 to 0.3. If AS is less than 0.03, the push-pull at
the recorded portion tends to be too small to conduct
tracking under a stabilized condition. On the other
hand, if AS is larger 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 abové 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 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
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acetyl acetone, nethyl cellosolve or toluene), on the surfac
the substrate 2 having the pregroove 6, or on the Fﬁ+¥6@£—ﬂiniilkﬂ;%
formed on the substrate 2. - For such appl|cat|cnﬁEBbM§meTq§§%§

nmet hod, a LB nethod or a spin coating method nay_te mentores- ng
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in cofrespondencé 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

- the optical distance is A/4 (difference in the light

path: A/2), there will be no difference in the push-pull
between the recorded portion 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 the land 7 in such a case,
the push-pull during the recording is always positive
i.e. the phase is not inverted as shown in Figure 6,
whereby tracking can satisfactorily be conducted.

-Accordingly, when AS < 0, it is preferrea that the
recording is conducted on the land 7, whereby recording
and reproduction can be conducted under a stabilized
condition with a minimum variation in the push-pu;l as
between the pit portion and thg non-pit portion aﬁd
without inversion of the phase between the pit 11 portion
and the non-pit portion.

Further, if recording is éonducted on the pregroove 6
portion when AS < 0, the push-pull is likely to be 0
during the recording as shown in Figure 7. If 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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then1 a spln coating nethod is preferred, since the thickness of the |ight
absorptive layer 3 can easily -be controlled by adjusting the
concentration, viscosit the dryi ng speed Vi . As a
specific nethoam$ et the t hi cknesg %Fpﬂqﬁygﬂhig Ta)sorptive

| ayer 3, a neth the rotationall qpeed of the spi h coating, a
met hod of cond ]ﬁ ting with a m Xtyre2dfDECHBYENges having

di fferent VISCOSItIeS a nethod of conductlng spi n

found it possible to present an optiézimfﬁformation
recording medium 1 capable of tracking under a stabilized
condition by.adjusting the optical phase difference 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 difficult.

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. | h

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

Now, the thickness dgr 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 difference is AS > 0,
recording can be conducted under good condition with
little wave shape distortion or jitter, when the
thickness dgr at the pregroove 6 portion is from 90 to
350 nm.

Especially when dg: is from 150 to 300 nm, recording

can be conducted under the optimum condition with a high




coating with a light absorptive | ayer substance di ssol- , al ity
of solvents, or a nmethod of conducting spin coati gﬂﬂ%ﬁﬂﬂm ' ) of high
boi l'i ng point subst ances, nay be nenti oned. I ght fliective
layer 4 is a netal film For exanple, gold, silver O?h ?E or an
alloy thereof is formed into such a netal filmby & o such als

vapor deposition nethod or a sputtering nethod. A I 1m

conposed mai nly of gold or an - 20 -

d

degree of modulation and no substantial ehange in the
push-pull as between'before.and after the recording. If
ge is smaller than 90 nm, the optical phase difference
between the recorded portion and the non-recorded portion
tends to be too small to obtain adequate degree of
modulation. On the other hand, if d;; exceeds 350 nm,
jitter and waveform distortion 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
when the optical phase difference is AS < 0, excellent
recording can be conducted with little wave shape
distortion or jitter when the thickness 4,;, at the land 7
portion is from 90 to 350 nm.

Especially when d,, 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
substantial change in the push-pull between before and
after the recording. If 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 adequate
modulation. On the other hand, if 4,, is larger 350 nm,
jitter and wave shape distortion will be substantial,

whereby it becomes difficult to satisfy the CD standards

THIS SHEET HAS BEEN
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dlloy containing gold is preferred, since it is require tohave a

reflectance of at |east 70% Further, to prevent OKIEEPLAEIENENTIWFT
light reflective |layer 4, other |ayer such as an oxi dafi gmreststant yer
- -28-
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with respect to the block error rate (BLER).

In the foregoing, the invention has been described
with reference to an embodiment wherein a single light
absorptive layer 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 adjacent to the light absorptive
layer.

Further, the positive and negative symbols for push-
pull used in the foregoing description, may be inverted
depending upon the positive or negative setting 6f the )
player. Even when the 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 parameter defined by p = n,,.-d,,/A
will be described.

From the results of the experiments and simulation by
the present inventors, it has been found that p =

d,,/A is a very important parameter. Namely, with an
optical information recording medium 1 having a structure
such that a light absorptive iayer'3 and a light
reflective layer 4 are formed on a substrate 2, it is
important that p = nabs-dav/h wherein'nab; is the real
part of the complex refractive index of the light
absorptive layer 3, d,, is the average thickness of the

thickness d4, of the pregroove 6 portion and the

_—
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nay be formed on the light reflective |ayer 4. The protective_| ayer-5
Is formed with a resin excellent in the inpact strengt
substrate 2. For exanple, it is formed by coating an ult
resin by spin coating, followed by irradiation wth ultfayiolet
curing. As other materials, an epoxy resin, an acrylatejrési
hard coat resin, etc. may be used. - 22 Fhe protective Hfajer 5 is us
formed by coating a )

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

wavelength of the reading laser beam, is set within a
range of 0.05 < p < 1.6 to attain a reflectance of at
least 70% and output signals with a degree of modulation
In/Itop of at least 60% and a degree of modulation
I3/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
at least 70% as prescribed in the CD standards.

If p is smaller than 0.05, the thickness d,, of the
light absorptive layer 3 will have to be made aé tﬁin és
0.05 pym 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
practical. In order to secure an adequate degree of
modulation, the opticallparameter p is preferably at
least 0;1. In order to obtain stabilized recording
properties with a high degree of modulation, a range of
from 0.45 * 0.1 is most preferred.

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

Within a range of from 0.6 < p < 1.6, there are two
peaks which always exist within the ranges of 0.6 < p <
1.10 and 1.10 < p < 1.6. At such peaks, a high
reflectance can be obtained. If p > 1.6, the thickness

of the layer is so thick that it becomes difficult to
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mononer or ol igonmer of an organi c conpound capable of formng a pol by
pol ymeri zation, followed by a cross |inking reaction.
material is not limted to such an organic conpound. FHEP
i norgani ¢ substance may be applied by a known net hod |su
met hod or a vapor deposition nethod. In order to pbfa
| ayer of an organic polynmer by the cregs~linking reac
advant ageous fromthe operational point of viewto adp

as a sputtjerti ng

Qm;@ENIﬁE%ctl
i s

control the thickness, such being not pract
viewpoint of production.

The graph showing this felation 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
increases as the value p increases.

The amplitude of this periodic function varies
deéending upon parameters such as the complex refractive
indices of the layers constituting the optical _
information 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
light absorptive layer 3 is small, the reflegtance shifts
to a higher side in the graph.

Further, this graph can be represented by an
exponential function having the imaginary part k,,, of
the complex refractive index of the light absorptive
layer 3 and 4,, as parameters. As shown in Figure 9, it
has been found that the overall decrement of the
reflectance in the graph increases as k,,. increases.

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

refractive index and in the average thickness d,,, there

will be no variation in the periodic cycle of the peaks
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wherein a reaction initiator and a reaction catal yst are added in snall
anpunts to a mxture of a nononer and an ol igoner of an organd T
e

pol yrmeri zabl e conpound having at |east one reactivefa y”qﬁMEUﬂ
(-CH=CH err]) per nolecule, such aliquid mxture is
cross-linked by irradiation with uItraV|oIet rays or
However, the cross linking nethod is Totd I Tnited to

exanple. For instance, a resin curable by heat such -§

ur et hane redim tiey doaph.

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 and 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 Kaps 15
required to be at most 0.3.
The present inventors have found that th numerical
value of k,,. is an important parameter. Namely, when

this kahs is at most 0.3, the closer the value k to 0,

abs
the higher the reflectance. Therefore, this range is
most preferred. However, if the value is too close to 0,
the recording sensitivity will be poor. Therefore, it is
required to be larger than 0. Specifically, it is
preferably at least 0.0l1. 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 ka; 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, Kabs

is preferably at most 0.2.
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-29- enployed, or the one curable with noisture in air such as a
di al koxysi | ane coupling agent may be enpl oyed. The backbone chai ns
and side chains of the cross- |inked product thus obtailned nay be a

sat ur at ed or unsaturated linear hydrocarbon, or may CcOntFEPDAGEMEAG éﬁEET

-2 - 26 DEC 1995

Such definitions of the present inventiln

applicable even when other layers are provided. For
example, in a case where a transparent layer such as an
enhancing layer of e.g. Si0O, 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 whére 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 absorptive layer 3, and the optical
parameter p will be p = (n,-d,+n,°d,)/A. In a case of a
plurality of layers, the optical parameter p will be p =
Z(n;-d;)/A where i is an integer and n; is the real part
of the complex refractive index of each layer, and 4; is
the average thickness of 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 qf a plurality of k,,,, can be
obtained by K = Zd;-k;/ Id; where k; is the imaginary
part of the complex refractivé 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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conpound of e.g. nelam ne or bisphenol
or side chains of such a cross-linked product may cq
ot her bond such as an ester bond in the formof a pg

nt
| e r e

bond in the formof a polyurethane, an ion |inkage iln hégf%&n‘ _
n

I onomer,
formof a polyimde, a sulfone bond n the form of

an am de bond in the formof a polyam de, 4
polysulfone or

type. Furtheq, REpﬁnggﬁmnggﬁ§Tc1ains

ne
hfne
n
the
a

g
sulfide bond in the formof a polysa§f|de It may bé—a—eepelyrer—eonpound

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, other layers such as.a
solvent resistant layer of e.g. Si0O, 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 preferred as the material for

the substrate 2. Further, the thermal expansion

coefficient a of the substrate 2 is preferably at a level
of from 5.0 x 1075 to 7.0 x 107% cm/°C.

A tracking guide means is a provided on Ehe surface
at the absorptive layer 3 side of the substrate 2. Such
a tracking guide means may be so-called sample servo i.e.
address pits composed of pits formed at predetermined
intervals. However, a pregroove 6 formed in a spiral
shape (Figures 2 and 3) is preferred. The spiral
pregroove 6 is used to guide fhe tracking when data
signals are to be recorded.

The depth of the pregroove 6 may be at any level so
long 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 |
—_— TS SHEET HaS BEEN |
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containing two or nore such bonds, or it may be a bl ock polyner.
Further, these cross-I|inked products may contain a msg

side chains in order to inprove their noisture re
epoxy resins to prevent the degradation by a hydrdgdgn halide.
Further, they may contain hydroxyl groups, carboxyl grz)@q;E,.a'g%;y
groups, am no groups or vinyl acetate groups in their side ¢h S
to i nprove the - 27 -

c
i

pregroove 6 is preferably from 0.3 to 1.3 pm. The
distance between one pregroove 6 to another pregroove 6
i.e. a so-called tracking pitch is preferably 1.6 um.

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
pressing 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
iight absorptive material formed on the tracking guide
means pf the substrate 2. It is a layer wh;ch undergoes
heat generation, fusion, sublimation, deformation or
property change when irradiated with a laser beam. This
light absorptive layer 3 is formed by uniformly coating
on the surface of the substrate 2 a cyanine dye or the
like dissolved 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 bé 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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adhesion to the light reflective layer 4. The backbone _chains or side

chains may contain a basic acid. For the formatio WEP&AEMEWSREETV
| ayer 5, the coating solution nmay contain in addition |t S5t
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dye, a croconic methine dye and mellocyanine é?ﬁT”may be
mentioned. However the material of the light absorptive
layer is not limited to such examples. The effects of
the present invention can be obtained, so long as it is a
conventional optical recording material.

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

Specifically, isobutylene, a maleic anhydride

. copolymer, an ethylene-vinyl acetate copolymer,
chlorinated polypropylene, polyethylene oxide, polyamide,
nylon, a cumarone resin, a ketone resin, a vinyl acetate,
polystyrene, PVA (poly?inyl alcohol) and PVE (polyvinyl
ester) may, for example, be mentioned.

As a cellulose derivative, carboxymethyl cellulose,.
nitrocellulose, HPC (hydroxypropyl cellulose), HEC
(hydroxyethyl cellulose), MC (methyl cellulose), EC
(ethyl cellulose), EHEC (ethylhydroxyethyl cellulose) or
CMEC (carboxymethylethyl cellulose) may be mentioned.

As an oligomer, oligostjrene 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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the reactants and the reaction initiator, a solve
I nprove the coating properties. Further, to stali

| eveling agent, a plasticizer, an antioxidant, an dntistatic agenmt
may be incorporated. Further, if necessary, the coatiﬁ@;DEOvaéo
colored with a pignment or a dyestuff The curling of the res

ilm a.
et c.
y be
y be

controlled by adjusting the cross F|RQ|NQ densityl of _The cross-T1i1 nked

structure or by adjusting the concentration of theg

acetyl acetone, hethyl cellosolve or toluene), 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 light absorptive 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 thicknesé of
this light absorptive layer 3, a method of changing.thé—
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'mixtufe of high boiling point
substances, may be mentioned.

Now, the light reflective layer 4 is a metal £ilm.
For example, gold, silver, copper, aluminum or an alloy
thereof is formed into such a metal film by a method such
as a vapor deposition method Sr a sputtering method..
Among them, a metal f£ilm composed mainly of gold or an
alloy containing gold is preferred, since it is required
to have a reflectance of at least 70%.

Further, to prevent oxidation of the light reflective

layer 4, other layer such as an oxidation resistant layer

This Sheet Has Been Replace

Wi e

REPLACED




reactive acryloyl groups. The curing may al so be varied dﬁﬁﬁﬂﬂEMéNDéﬁﬁﬁT
the degree of freeness of the nolecular rotation of the pl|goner 1tselt
whi ch forms the backbone chain. I'n the optical infofnmatiogp qu np
medium 1 of the present invention, a layer behind the |ighy absorptive

| ayer 3 relative to the light transmtting substrate 2, $uéh—as—the—++¢
reflective layer 4 or the protective 3payer 5, is preferably made of a

mat eri al having a heat
may be formed on'the light reflective layer 4.

The protective layer 5 is formed with a fesin
excellent in the impact strength similar to the substrate
2. For example, it is formed by coating an ultraviolet
curable resin by spin coating, followed by irradiation
with ultraviolet rays for curing. As other materials, an
epoxy resin, an acrylate.resin, a silicone hard coat
resin, etc. may be used.

The protective layer 5 is usually formed by coating a
monomer or oligomer of an organic compound caéable of
forming a polymer by polymerization, followed by a cros;
linking reaction. However, the material is not limited
to such an organic compound. For example, an inorganic
substance may be applied by a known method such as a
sputtering method or a vapor deposition method.

In order to obtain a protective layer of an organic
polymer by the cross linking reaction, it is advantageous
from the operational point of view to adopt a method
wherein a reaction initiator and a reaction catalyst are
added in small amounts to a mixture of a monomer and an
oligomer of an organic polymerizable compound having at
least one reactive acryloyl gfoup (-CH=CH,) per molecule,
such a liquid mixture is coated and then cross-linked. by
irradiation with ultfaviolet rays or electron beams.

'waever, the cross linking method is not limited to
such a specific example. PFor instance, a resin curable

by heat such as an epoxy resin or a urethane resin may be
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di-stortion tenperature and a hardness higher than the & on V“”ﬁi Ri S
11 are formed. By forming the layer behind the absorpti & éPhkﬁﬂM*Vﬁ w§&|1 a
hard material, the block error rate of recorded signallsfcan effective
reduced.

most 2H,
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Wthin the practical environnental terrperaturﬁe PEC 6orn
-15[err]C to 70C as prescribed in the CD standards, by us
har dness of the protective layer 5 to egll evel of a percil ha
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employed, 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-
linked 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 polyester, an urethane bond
in the form of a polyurethane, an ion linkage in 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 or a sulfide bond in the
form of a polysulfide. It may be a copolymgr 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 resistance or may contain epoxy resins to
prevent the degradation by a hydrogen halide.

Further, they may contain hydroxyl groups, carboxyi
groups, acrylic Qroups, amino'groups 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 formatioh of the protective layer 5, the

coating solution may contain in addition to the resin,
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-31- to control the deformation of the second |ayer
light reflective |layer 4 side of the light absorpti
Cansequently, the wave-form distortion can be contrql
recording with a mninum BLER (bl ock error rate) ca
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the reactants and the reaction initiator, a solvent or a
diluent to improve the coating properties. Further, to
stabilize the coated f£ilm, 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
reactive acryloyl groﬁps. The curing may also be varigd
depending upon the degree of freeness of the molecular
rotation of the oligomer itself which forms the backbone
chain.

In the optical information recording medium 1 of the
present invention, a layer behind the light absorptive
layer 3 relative to the light transmitting substrate 2,
such as the light reflective layer 4 or the protective
layer 5, is preferably made of a material having a heét
distortion temperature and a hardness higher than the
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 gignals can effectively be
reduced.

Within the practical environmental temperature i.e.
from -15°C to 70°C as prescribed in the CD standards, by
adjusting the hardness Qf the protective layer S5 to a

level of a pencil hardness of at most 2H, it is possible
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BLER tends to.increase as the hardness of the protecti R

ENEMERT SHEET
decr eases. By adjusting the thernmal expansion coefifi _QﬁﬁLawe+——T+
protective layer 5 to a level within a range of from

.5 x 10 err{ go
x 10[err] within the practical environmental tenperatuye o & E& 199 [ €
to 70[err]C, this protective |ayer 5 shows a thermal vplunme chan |
to the substrate 2,- whereby the opticalginformation regording nmedium1
wi |l hardly undergo warping as a whole

to control the deformation of the second layer boundary 9

D

== ©
—_

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) c¢an 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 107 to 9.0 x 1073 within the practical
environmental teﬁperature of from -15°C to 70°C, this

lprotective layer 5 shows a thermal volume change similar
to the substrate 2, whereby the optical information '
recording medium 1 will hardly underéo warping 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 heating, and the optical information recording
medium 1 will warp to the protective layer 5 side, |
whereby a tension will be created in each layer on the
substrate 2, thus leading to an increase of jitter of the
recorded pits 1l1. |

When a is larger than 9.0 x 1075, 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

Y
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even when subjected to a heat. In a case where a is |less than.l.5 X
10[err], the substrate 2 will expand nore by the tfie hC SHERT funder
heating, and the optical information recording nediu F--wed-p—f O t he
protective layer 5 side, whereby a tension will belcteated in each}!|pyer
on the substrate 2, thus leading to an increase ofjitt2J>QECﬂﬂ f etor ded
pits 11. Wen a is larger than.9.4} x 10[err] tRejiprotective

light ;eflective'layer 4 énd the protecti$5“1ayer S.

When the shrinkage of the protective layer 5 is
adjusted to be not higher than 12%, even if it is cured
and subjected to a heat cycle test to remove a strain of
the resin, no cracking appears on the protective layer 5.
In consideration with the mechanical strength, this
shrinkage is preferably at most 10%.

Furthermore, an oxidation resistance layer to prevent
oxidation of the light reflective layer 4 may be
interposed between the light reflective layer 4 and the
protective layer 5.

Recording on the optical information recording medium
of the present invention can be conducted by a
conventional optical information recording apparatus as
described below. Namely, the optical information
recording medium 1 is disposed so that the surface of the
light transmitting substrate 2 faces the laser
irradiation means i.e. the pick up side of the optical
information recording apparatus. While rotating this
optical information recording medium 1 by a spindle.
motor, a laser spot modulated into a signal prescribed in
the CD standards is irradiated to the light absorptive
layer 3_of the optical information recording medium 1 by
the pick up to form a pit 11, under tracking by means of
the above-mentioned tracking quide means.

In the optical information recording method according

to the present invention, it is preferred to irradiate a
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| ayer 5 will expand nore by thermal expansion under heating, and the

protective layer 5 will sag, whereby ply separatio Lt ake pl ace
bet ween the |ight absorptive layer 3 and the |ight rm@ugg Y 4 or
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laser spot with a wavelength A of about 7§bMHﬁT~“?E?EﬁEr#
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,
-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 1l in
the pregroove 6. When the pregroove 6 is optically
bright, it is preferred to form pits 11 on the land 7
portion.

By forming pits 11 under such conditions, the
difference in the brightness of the reflected light of
the reading laser beam for play back will be distinct,
and a high degree of modulation can be obtained.

Thus, it is readily possible to obtain an optical
information recording medium 1 capable of providing read-
out signals satisfying the CD.standards.

The optical information recording medium 1 of.the
present invention is preferably of the type shown in
Figuré 3, wherein when a recording laser beam L1 is
irradiated from a substrate 2 side to the light

absorp;ive layer 3, this light absorptive layer 3 absorbs
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reflective |ayer 4 and the protective |ayer 5.

is cured and subjeeted to a heat cycle

ap ears on the protectiv

strength nkage is ef g
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4 may be

the laser beam Ll and generates heat, whereby the surface

of the substrate 2 is locally deformed to form pits 1l 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 1l will be formed.

Further, there is a case wherein a component fused or

decomposed by the irradiation with the above laser beam

L1 diffuses into the softened substrate 2 and w;ll_be

partially mixed and or chemically reacted with the

components constituting 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 can be conducted

by irradiating 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 1l portion and the reflected light

from the portion other than the pits 1l.

Further, the present invéntion is applicable not only

to an optical information recording medium 1 wherein the

light absorptive layer 3 is formed substantially over the

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

information recording medium wherein a part of the

substrate 2 is a recordable region having the light

absorptive layer 3 and the rest of the substrate 2 is a
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i nterposed between the light reflective |ayer 4 and the proteptlve | ayer
5. Recording on the optical information recording ucu.un1
present invention can be conducted by a conventional qp EIM‘EMI‘%%&ETOI
recordi ng apparatus as described bel ow. Nanely, the optlcal I nformati ¢n
recording medium 1l is disposed so that the surface of tih ?%QBEC‘ﬁ96
transmtting substrate 2 faces the laser irradiation negns i.e. the pijck
up side of the optical 37 '

D

ROM region having pits 11 capable of reproducing 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
layer 3 only at the outer recordable region.

With such an information recording medium, it is
possible to preliminarily record the same data in a large
quantity at the ROM region, and the ROM 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 /

This Sheet Has Been Replaced

reproduced with the signals Prescrlbed by the CD l"""

11

standards, and therefore can be reproduced by
commercially available CD players in the same manner as
the information recorded 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 iﬁvention 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




i nformati on recordi ng apparatus. Wiile rotating this optical i nformation
recording medium1l by a spindle notor, a |aser spol.nodul-at-ed int¥ 3|
si.gnal prescribed in the CD standards is irradlat~ngmJKﬁMENWdHEE
absorptive |ayer 3 of the optical information recqrdgrmg—edium I by} the

pick up to forma pit 11, under tracking by neans df | t g4e tiloned
tracki ng gui de neans. In the optizgal- i nf ornmatilon rggbﬁggxg nmetthqd .
formed on its subface with a width of Oﬂtimh_ﬁ_depth_eé——

according to the present invention, it is preferred
130nm and a pitch of 1.6 pm, was formed by injection

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 speéd 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 untii
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 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 (n_,.) of the

sub
polycarbonate as the substrate material was 1.58, the
optical phase difference (AS) between the pregroove and
the land in the non-recorded state was 0.056.

Over the entire surface of this disk, a gold film
having 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 then cured

by irradiation with ultraviolet rays, to form a

protective layer having a thickness of 10 pm.
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-33- laser spot with a wavelength [err] of about 780 nm Further, wth
respect to the CD standards, the linear speed is required to b
of froml1l.2 to 1.4 misec, and the recording power
from6 to 9 nW Nanely, with a commercially avail apl
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To the optical information recordingi
obtained, a semiconductor laser having a wavelength of
780 nm was irradiated at a linear speed of 1.2 m/sec with
a recording powér of 6.8 mW, to record EFM signals.

Then, 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 reading 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, I3/Itop 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.

EXAMPLE 2

On a polycarbonate substrate molded in the same
manner aé in Example 1, 0.65 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 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 (dé) 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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tecording can be conducted by increasing the recording power to a |evel

hi gher than the power for play back. At the t I ng,
when the land 7 portion between the pregrooves 6

dependi ng upon the conditions such as the thicknes

absorptive layer 3, as described above, it is prefienr EﬁﬁE' [ t he

| aser

beamto formpits 11 in the pregroove 6. Wan it he "pregroovei{6lis
optically bright, it is preferredt4+ddGormpits 11 }o t

-

the reading

index (n, c) was '2.7. The wavelength (A) B
laser beam was 780 nm, and the optical parameter (p) at
that time was 0.55. Further, since the refractive index
(ngyp) ©f 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 0.15.

Over the entire surface of this disk, a gold £film
having a thickness of 60 nm was formed by a vacuum
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 at thickness of 10 pm.

To the optical information recording medium thus
obtained, a semiconductor laser héving 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

commercially available CD'player, whereby the reflectance

. of the optical information recording medium was 70.3%,

In/Itop obtained from the eye pattern of the read-out
signals, was 0.75, I3/Itop was.0.42, the block error réte
was 2.2 x 1072, and the push-pull value was 0.069. This
optical information recording medium sufficiently

satisfies the requirements prescribed in the CD

standards.
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portion.

By forming pits 11 under such conditions, the. difference in

the brightness of the reflected light of the reading Iaser beamfor play

back will be distinct, and a high degree of nodul at ifor= il
Thus, it is readily possible to obtain an optical i ffBERACGEMENT SHEESi pg
medi um 1 capabl e of providing read- out signals satijsffying the CD
st andar ds. The optical information recording ne i?mﬂé DEC 1996
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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
inner diameter of 15 mm and having a spiral pregroove
formed on its surface with a width of 0.3 pm, a depth of
180 nm and a pitch of 1.6 pm, was formed by injection
molding. To the polycarbonate'substrate molded in this
manner, 0.50 g of the same cyanine dye as used in Example
1 dissolved in 10 mé of an acetylacetone solvent, was
coated by spin coating at a rotational speed éf 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 film was sufficiently dried to
form a light absorptive layer having a thickness (dg) of
140 -nm.

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

abs
absorptive layer was 66 nm and the complex refractive

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

abs
laser beam was 780 nm, and the optical parameter (p) at
that time was 0.48. Further, since the refractive index
(ng,p) 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 .reflective

layer and a protective layer were formed in the same

manner as in Example 1. To the optical information
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IS preferably of the type shown in Figure 3, wherein when a recording

| aser
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beam Ll is irradiated froma substrate 2 side tg=the~ti-ght
absorptive layer 3, this |ight absorptive |ayer 3 absof bBEPLACEMENT SHEET
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recording medium' thus obtained, a semicondudter—_laser

having a wavelength of 780 nm was irrgdiated 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
recording medium was played back by a commercially
availéble CD player, whereby the reflectance of the
optical information recording medium was 77.5%, In/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
X
1073, 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 diameter of 120 mm and an inner diameter of
15 mm and having a spiral pregroove formed on its surface
with a width of 0.8 um, a depth of 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
acetylacetone solvent, was coated by spin coating method
at a rotationai speed of 2500 rpm for about 5 seconds.
When the film—fcrming 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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t-he | aser beam LI and generates heat, whereby the surface

f -t
2 is locally deformed to formpits 11 on the surface of t:gfiMEMENE%'EW

QO herwise it may be of the type wherein the Iight absorpt|jvg Tayer

under goes an optical change whereby pit 11 will be forned + ,
¥ .hgt?pﬁgéﬁggio

there is a case wherein a conponent fused or deconposed by
with the above | aser beam LI diffuses into the softened sub

will be - 43 ~
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The depth (dabs) in the groove of this light
absorptive layer was 118 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 0.52. Further, since the refractive index

(n.,,) of the polycarbonate as the substrate material was
sub Y .

1.58, 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.

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 with
a recording power of 6.8 mW, to record EFM signals.
Then, this optical information recording medium was
played back by a commercially available CD pléyer,
whereby the reflectance of the optical information
recording medium was 70.0%, In/Itop obtained from the eye
pattern of the read-out signals, was 0.61, I3/Itop 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
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partially m xed and or chemcally reacted with the conponents constituting
the substrate 2 to formthere a portion which is opti I m
other portions of the light absorptive layer 3 or thel{sBb ACEMEND
whi ch thus constitutes a pit 11. Reproduction of thefrecorded signgl

can be conducted by irradiating a reading |aser beam L2 |{f rog ppe 190bsirate
2 side and reading the difference in the brightness du to the optical

phase difference AS between the re#l édted '

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 um, was
formed by injection molding. To the polycarbonate
substrate thus molded, a solution having 0.65 g of the
same cyanine dye as used in Example 1 dissolved in 10 m¢
of an acetylacetone solvent and having 0.1 g of 6-nylon
(Mw = 35000) further dissolved, 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 the rotation was -
continued until the £ilm was sufficiently dried to form a
light absorptive layer having a thickness (dg) of 250 nm.

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

abs
absorptive layer.was 10 nm and the complex refractive

index (n,,.) was 2.4. The wavelength (A) of the reading

abs
laser beam was 780 nm, and the optical parameter (p) at
that time was 0.77. 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 -0.32.
Over thé entire surface of this disk, a reflective
layer and a protective layer were formed in the same
manner as in Example 1.
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 with

a recording power of 6.8 mW, to record EFM signals, in

=
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| irght fron1the pit 11 portion and the reflected light fromthe portion

other than the pits 11. Further, the present enbodi nept

of 1 he

invention is applicable not only to an optical informatio REQ@QFHWENH SH

medi um 1 wherein the |ight absorptive layer 3 is forned s

the entire surface of the substrate 2, but also to an optlc
recordi ng mediumwherein a part of the substrate 2 is a rfego

having the [ight absorptive |ayer-34gnd the rest of the

or A4DEE %56 l)f ’

rate 2 is a

the same manner as in Example 1. Then, this optical
information recording medium was played back by a
commercially available CD player, whereby the reflectance
of the optical information recording medium was 70.5%,
In/It._°p obtained from the eye pattern_of the read-out
signals, was 0.65, I3/Itop was 0.35, the block error rate
was 3.0 x 10_‘2, and the push-pull value was 0.048. This
optical information recording medium fully satisfies the
requirements prescribed in the CD standards.
EXAMPLE 6 . N
A polycarbonate subst:ate 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 piteh of 1.6 pm
in a range of the -diameter 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 and a pitch of 1.6 um in a
range of a diameter of from 100 to 117 mm (recordable
-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 Example 1 dissolved in 10 m¢ of an acetylacetone
solveﬁt, 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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-35 - ROMregion having pits 11 capabfe—of*reproducing—CD formatted
signals. Such an optical information reqﬂﬁgﬁ as BB %Hme e~ --ared
exanple, by prelimnarily formng by e. | s foﬁ

signals at the portion correspondlng;to h

for

—46_

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

abs) i1n the groove of this light

absorptive layer was 40 nm and the complex refractive
index (n,,.) was 2.7. The wavelength (A) of the reading
laser beam was 780 nm, aﬁd the optical parameter (p) at
that time was 0.52. Further, since the refractive indeg
(ng,p) 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 Examplé 1. _

-To the recordable region of the optical information
fecording 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, in the same manner as in Ekample 1.
Then, this optical information recording medium was
played back by a commercially available CD player,
whereby the reflectance of thé optical information
recording medium was 75.0%, Iu/Itop ébtained from the eye
pattérn 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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surface of the substrate and formng a |ight absorptive

t he outer

medi um it

recordabl e region. Wth such an information recording

| ayer 3 only at

2di it is possible to prelimnarily record the S'm%-daLa_Ln_a_LaLgﬁ
quantity at the ROMregion, and the ROMregion is frez RfPtkOHMEN@rsHayC

| nadvertent erasure or msrecording, since there is nfo frrght—abserpt

layer 3 in this region. Further, at-t4e £egion where jthe g of
| ayer 3 exist, the user can record optional éé)&éC‘@&E

CD standards.

hVvVe§
pt

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 léyer
having a thickness (d ) of 130 nm.

The depth (d_,.) in the groove of this llght

abs
absorptive layer was 105 nm and the complex refractive

index (n_,.) was 2.7. The wavelength (A) of the reading

abs
laser beam was 780 nm, and the optical parameter (p) at
that time was 0.45. Further, since the refréctive index
(ng;p) ©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 0.35.

Over the entire surface of this disk, a gold film
having a thickness of 60 nm was formed by a vacuum 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 sémiconductor 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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data as he wshes. And, this recorded data can be reprodu t—t-he
signals prescribed by the CD standards, and therefore c nﬁggLXQQW HuSHEEThy

connerC|aIIy avallable CD players in the same manner as |t He I nf or matT o,
recordb@s &bi on. Now, an embodi ment of tHe jpr egepEC 19
|nvent| cribed in detail with reference to anpl es. Fkggv er,
|t shou od that the present enbodi nent of the T nti-onr—s—dy

‘means restrlcted to such speC|f|c gxanples EXAMPLE |1

same manner as in Example 1. Then, this Eptical
information recording medium was played back by a
commercially available CD player, whereby the reflectance
of the optical information recording medium was 63.0%,
In/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,
when 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. i
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 ym, was 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-3219, 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 average 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 (nass) was 2.7. The wavelength (A) of the reading




A pol ycarbonate substrate of a di sk shape having a thickness of 1.2 nm an
outer dianeter of 120 mmand an inner dianeter of 15 mm and having a

spiral pregroove r——éﬁh—_i4u4nxk4#kits
surface with a width of 0.4 [err]m a depth of REPLACEMENT SHEET

- 49 - | 26DEC 199

laser beam was 780 nm, and the optical parhmeter (p) at

that time was 0.48. Further, since the refractive index

(n.,,) of the polycarbonate as the substrate material was

sub
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 £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 um.

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 7.2
mW. With this power, EFM signals were recorded at the
pregroove portion, and the optical inforﬁation 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 é 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,_I3/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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130nm and a pitch of 1.6 [err]n1 was formed by injection nolding. As
a cyanine dye, 0.55 g of 1,1'-dibutyl-3,3,3,3" -
tetranet hyl - 4—5—4——5——dkbeﬁzekﬁded|carbocyanlne perchl orate (product

nunber NK3219, nanufac ured_b ppon Kanko Shi ki so K. K. n
10 nferr] of anlk W acg‘lc\)ll vent, and the sol ution quElq%ﬁleh@ﬁ@L;Sg@Ef

—

at a rotational s pm f or about 5 seconds. Wheh the
filmformng star |onal speed was 26 DEC 1995

optical information recording medium sufficient

s

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 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 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 values does not satisfy the CD
standards.
EXAMPLE 8

‘To the polycarbonate substrate molded in the same
manner as in Example 7, 0.78 g of the same cyanine dye as
used in Example 7 dissolved in 10 mf of a diacetone
alcohol solvent, was coated by spin coating by

: appropriately changing the rotational speed. The

thickness (d,,) after the film-formation was 260 nm.

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

sub
absérptive 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

EN 1
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reduced to 300 rpm and the rotation was continued unti l
sufficiently dried to forma |light absorptive |ayer havi

the filmwas
ng a thickness

(d[err]) of 150 nm The depth (dabs) in the groove of t
abSorptive layer was 62 nm and the conplex refractive
2.7. The wavelength ([err]) of the reading | aser beam wa
optical paraneter (p) at that tinme was 0.5. Further, si

| RELACEMENE SRR

5 | 780 nm and t

< oy

e

index (n[err]) of the polycarbonate_agjthe substrate naf

t he

e
Ve

0.11.

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 linea; speed of 1.4 m/sec for
recording in the same manner as in Example 7, ﬁhereby the
optimum recording power was 5.2 mW. With this powgr; 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

7, whereby the reflectance was 73.2%, I,,/I of the

top
read-out signals was 0.85, I3/Itop 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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optical phase difference ([err]S) between the pregroove and the land in

the non-recorded state was 0. 056. Over the entire Ssutaee—of
disk, a gold film having a thickness of 60 nmwas forne tBEPéAQENﬁNf SHEET

deposition method. Further, on this reflective |ayer, an | uf ravi ol et
curable resin was spin-coated and then cured by irradiatfo EJDEC'W95
ultraviolet rays, to forn1a protective |ayer having a thic ness of [
[err]m - 52 - ‘

m/sec at 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 7, whereby the block error rate was 7.8 x
1072, and the push-pull value during the play back was
0.022. Each of these values does not satisfy the CD
standards. |
EXAMPLE 9

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
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 cyaniné dye, 0.70 g of l,1'-dibutyl-3,3,3',3'-
tetramethyl-4,5,4',5'-dibenzoindodicarbocyanine
perchlorate (NK-3219, manufactured by Nippon Kanko
Shikiso K.K.) was dissolved in 10 m¢ of diacetone
alcohol. This solution was spin-coated on the above
substrate by appropriately changing the rotational speed,
to form-a light absorptive layer having an average
thickness d,, of 210 nm.

The depth (d,,,) in the pregroove of this light
absorptive layer was 12 nm, and the complex refractive
index (napg) was 2.7. Since the wavelength (A) of the
reading laser beam was 780 nm, the optical parameter (p)
at that time was 0.73. Further, since the refractive

index (ng,,) of the polycarbonate as the substrate
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-37- To the optical information recording nedi umthus obt ai ned, a

sem conduct or | aser having a wavelength of 780 nm was ip+adi-ated at a

| i near speed of 1.2 nmisec with a recording power of 6.8 rMPLA(;El\,ﬂgm'os,qk:-h

o

signals. Then, this optical information recording nedi ym pHay-ed
by a commercially avail able CD player (Aurex 26 DEC 199

_53_

material was 1.58, the optical phase difference (AS)
between the pregroove and the land in a non-recorded
state was -0.20. PFurther, from the above results, the
thicknesé (d;,) at the land was 172 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, whereby the optimum recording po#gr was 6.5
mW. - With this power, EFM signals were recorded on the
land portion, whereby the reflectance of the optical

information recording medium was 74.5%, I,,/I obtained

top
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 wvalue was 0.048. This optical information
recording medium fully satisfies the requirements
prescribed in the CD standardé.
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
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XR- V73, wavel ength of the reading | aser beam[err] =
a reading power of 0.5 mnv), whereby the reflectance

requi renents prescribed in the CD Tstdhdards.

 REMACGHENE AHEET

i nformati on recording nedium was 73.5% I[err]/I[err atrned from

eye pattern of the read-out signals was 0.78, I[err]Al er%bmﬁ%ﬁ
error rate was 2.0 x 10[err], and the push-pul } JalUeé Wwas .
the optical information recordi ng nedi um fully |sati-si-es—the

h

11%

7

semiconductor laser having a wavelength Sf 780 nm. Then,
this recorded portion was played back in the same manner
as in Example 9, whereby the block error rate was 8.5 x
1072, and the push-pull value during the play back was
0.009. Each 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 fhe same cyanine dye as used
in Example 9 dissolved in 10 m¢ of diacetone alcohol
solvent, was coated by spin coating by appropriately
changing the rotational speed. The thickness (d,,) after
the f£film forming was 240 nm.

The depth (d,,,) in the pregroove of this light
absorptive layer was 10 nm, and the complex refractive
index (n,pg) was 2.7. The wavelength (A) of the reading
laser beam was 780 nm, and the optical parameter (p) at
that time was 0.83. Further, AS in a non-recorded state
at that time was -0.22. PFurther, the éhickness (d;,) of
"the light absorptive layer 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 Bm.

To the optical information recording medium thus
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EXAMPLE 2 On a pol ycarbonate substrate nDIded In the sane nmanner as

in Exanple 1, 0.65 g of the sane cyanine dye as qﬁggA¢§ﬁ?K

dissolved in 10 nferr] of an acetyl acetone solvent

iy gB%

coating at a rotational speed of 2500 rpmfor aboutf b seconds.

filmformng started, the rotational speed was red cedﬁ@b&@oﬂ%m an

¢
t
d

n
he

rotati on was continued until the filmwas sufficiept{y dried to f rqla

| i ght absorptive | ayer - 55 ~

obtained, a semitonductor 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 9, whereby the

optimum recording power was 6.0 mW. With this péwer, 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 value was -

0.052. Further, the push-pull value at the non-recorded

portion was also 0.052. Thus, this optical information

recording medium fdlly satisfies the requirements
prescribed in the CD standards.

COMPARATIVE EXAMPLE 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 with 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 block 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

standérds.

As described in the foregoing, according to the

present invention, by adjusting the optical phase
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having a thickness (d[err]) of 160 nm The depth (d[err]) in the
groove of this light absorptive layer was 75 nm and the conpl ex
refractive -38- index (n[err]) was 2.7.
The wavel ength ([err]) of the reading

- 56 -
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 ahd the dégree of modulation, and a method

for recording on such an optical information recording

medium. . -
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| &ser beam was 780 nm and the optical paraneter (p) at that tinme was
fractive index (n[err]) of thg pgl . BONat.ecAS
1.58, the optical phase diffe'épcéX??EFPj§§€dﬁ
Hmm)“mmll mm the land in a non-recorded stage
Over the enti¢e isumage of this disk, a gold film havingjaltd&IDESP99%f
t
o]

nmwas fornmed by a vacuum dep05|t|on%1 t hod. Further, on
reflective layer, an ultraviolet cur

0. 55.
t he subst
bet ween ‘t

ot

hi s |1 ght

was 0. 15.

60

ted and

I'e resin was spin-:

CLAIMS:

1. An optical information recording medium comprising a
light transmitting substrate having a spiral pregroove
formed on its surface, - a light absorptive layer 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

(1

phase difference represented by AS = 2dsub{nsub = Nype -
d,ps/dsup) }/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, daps
is the depth of the layer boundary on the light
absorptive layer side of the light reflective laver 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 substr&te 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. |

2. The optical information récording medium according to
Claim 1, wherein dg, is d_, > 50 nm.

3. The optical information recording medium“according to
Claim 1, wherein the light absorptive layer is formed on

a part of the light transmitting substrate and a ROM area

wherein pits for read-out signals are already formed, is
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cure

h ultraviolet rays to forma

U

%ﬁt L AGHIENT SYBET

was irrad at aw aslinear speed of 1.2 msec with af ordlng pover

-T-

6.8 nvv to record EFM signals, in theéﬁgne manner as j n Exanpte—i:

this optical

i nformati on recordi ng med?®um was pl ayed |pack by a

d—by—%FF&dF&P+GH—%kP
havi ng O [err]m To the optical ormation recch|ng
medi umlmlm "ﬂ mmm II sem conductor | aser having a eRBOER Bog 18¢. Nm

of
er

comercially avail able CD player, whereby the reflectance

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 irradiating a recording laser beam from the

light transmitting substrate side to deform a layer on

the substrate side of the light absorptive layer.

5. The method according to Claim 4, wherein 4., is d.,,

> 50 nm.

6. An optical information recording medium comprising a

light transmitting 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

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 = 2d_,{ng,, - n,, (1 -
d,ps/8sup) }/2 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
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of- the optical information recording nediumwas 70.3% |ferc]/]l[err]

obt ai nedt—fromthe—eye—pattern of the read-out signals, SREPLKQEMENT SﬁEET

I[err]/l[ﬁm“l‘_mwm"mmune bl ock error rate was 2.2 x 1D[ g+t~

push- pul-l k This optical information recofd % dlum

sufficiently ®sati dfids the requirements prescribed in the [CD 5601996s .
- 59 -

the portion corfesponding to the pregroove, hsub 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,
land A.is the wavelength“éf 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 comprisinq a
light transmitting 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 -0.4 < 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

(1L -

pregroove, represented by AS = 2dsub{nsub = Napg

d,ps/4sup) }/A wherein d_,, is the depth of the layer
boundary on the substrate side of the light absorptive
layer at the portion cérresponding 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
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-39- EXAMPLE 3 A pol ycarbonate substrate of a disk

thi ckness of 1.2 nm an outer dﬂhﬁﬁh@ﬂﬁﬁﬁe and an
15 nn1 pregroo ts surfage
0.3 [er ﬂmmmgmmwo nm an 6 [err]m _

|nject|on he polycar onate substrate nol de

- 60 -
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 S dln
< 350 nm wherein 4;, 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 deyp > 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 d,, 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,, . is the
imaginary part of the complex refractive index of the
light absorptive layer.
11. A method for 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
reCoraing 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

THIS SHEET HAS BEEN I .
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manner, 0.50 g of the sane cyanine dye as used in Exanple 1 dissolved in
10 ne of an acetylacetone sol vent, was coated by spin coating at a
rotatlonal m for about 5 seconds. Wen the filmformng

eed of 300
start ed, Eﬂl"ﬂum"u IﬂlllH ed was reduced to 300 rpm and the rotation
was conti-nu was sufficiently dried to forma |ight
absorptlve | ayer having a t hi ckness (d[err]) of 140 nm The depth
(d[err]) in the groove of this |ight

_61_

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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absorptive |layer was 66 nm and the conplex refractive index (n[err]) was
2.7. The wavelength ([err]) of the reading |aser beamwas 780 nm and the
optical paraneter (p) at that time was 0.48. Further, since the refractive
imdex (n[err]) of the polycarbonate as_{he substrate material was 1.58,
the optical phase difference (AS) betmeg the pregroove and the land in a
non-recorded state was -0.068. Over the entire surface of this disk,
a reflective -

OPTICAL INFORMATION RECORDING MFDIUM AND RECORDING METHOD

ABSTRACT

An optical information recording medium comprising a
light transmitting substrate having a spiral pregroove
formed on its surface, a light'absorptive layer of a
coloring mattef forméd 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 represented by As = 2d,,{n_, - n, (1 -
d,ps/4syp) }/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 ?:egroove, d,ps
is the depth df the layer boundary on the light
absorptive layer side of the light reflective layer at
the portion corresponding to the pregroove, ng,p 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.
FIG. 1
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| ayer and a protective |layer were fornmed in the same nmanner as in Exanple

1. To the optical information
recordi ng nmedi um t hus obtai ned, a sem conductor |aser havin
of- 780 nmwas irradiated at a |inear

FIGURE |
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speed of 1.2 msec with a recording power of 6.8 MW to record EFM
signals. Then, this optical information recording nediumwas played back
by a conmercially available CD player, whereby the reflectance of the
optical information recording nediumwas 77.5% I[err]/I[err] obtained
fromthe eye pattern of the read-out signals, was 0.65, I[err]/I[err] was
0.40, the block error rate was 5.2 X 210[err], and the push-pull val ue was
0. 055. This optical
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I pformation recording nediumsufficiently satisfies the requirenents
prescribed in the CD standards. EXAMPLE 4 - A pol ycarbonate substrate
having a thickness of 1.2 nmm an outer dianmeter of 120 nm and an i nner
di‘ameter of 15 mm and having a spiral pregroove fornmed on its surface
with a wwdth of 0.8 pm a depth of 180 nmand a pitch of 1.6 [err]m was
formed by injection nolding. To the po% ycar bonate substrate thus nol ded,

0.60 g of the sane ‘
FIGURE 4
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cyanine dye as used in Exanple 1 dissolved in 10 ne of an acetyl acetone
sol vent, was coated by spin coating nethod at a rotational speed of 2500
rpm for about 5 seconds. Wen the filmformng started, the rotational
speed was reduced to 1500 rpm and the rotation was continued until the
filmwas sufficiently dried to forma |light absorptive |ayer having a

t hi ckness (d[err]) of 150 nm 4

FIGURE 6
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-41- The depth (dabs) in the groove of this |light absorptive |ayer
was 118 nm and the conplex refractive index (n[err]) was 2.7. The

wavel ength ([err]) of the reading |aser beamwas 780 nm and the optical
paranmeter (p) at that tine was 0.52. Further, since the refractive index
(n[err]) of the polycarbonate as the substrate material was 1.58, the
optical phase difference ([err]S) betmegn t he

REPLACEMENT SHEET
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pregroove and the land in a non-recorded state was 0. 3. Over the
‘;entlre surface of this disk, a reflective layer and a pq?%zié ve | ayer

were formed in the same manner as in Exanple 1. E ENEBHE

i nformati on recordi ng medium thus obtained, a_semicerductor—thaser haV|ng a

wavel ength of 780 nmwas irradiated at a li eaENﬁﬁEMENbﬁﬁiEﬁ M sec with a

recordi ng power of 6.8 nW to record EFM si g a‘: rhen, thi§ pptical

i nformation recordi ng medi um was 29 JUN 1999

-1-

OPTICAL INFORMATION RECOﬁDING MEDIUM AND RECORDING METHOD

The presént inventioh relates té 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
transmitting substrate having‘a_pregroove formed on its
surface, a liéht absorptive layer of a coloring matter
formed on the substrate and a light reflective layer made
.of a metal film formed on the lighg_absorptive layer, and
a method for recording information on such an optical
information recording medium.

As optical information-fecording media 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 aiready formed on a light
transmitting substrate by means of e.g. a press and a

reflective layer of a metal is formed on'the surface



qof the optical information recording nedium 0@6
obtained fromthe eye pattern of the read-out S|§qpusN

I[err]/I[err] was 0.32, the block error ratejw .5 x 10 : and t he
push- pull val ue was O. 070 Thi's opgical inf rrecordi ngf nedi um

fully satisfies the requirenents prescribed i

5 .
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 irradiating a laser beam
to the substrate as the user requires.

For example, Japanese Unexamined Patent Publication
Kokai No. 89605/1979 discloses an optical informatio& recording
medium which comprises at least a transparent substrate,
a light absorptive layer containing.a coloring matter

+ formed on the substrate and a light reflective layer
formed on the light absorptive layer, and on which
information can optically be recorded and from which the
recorded information:can be optically reproduced.

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

Japahese Unexamined Patent Publication Kokai 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 signals obtained from an optical

information recording medium.

Still further, Japanese Unexamined Patent Publication.

Kokai No. 257931/1988 discloses an optical information

recording medium having prepits, wherein the depth of the

EXAMPLE



A*pol ycarbonate substrate having a thickness of 1 _
, of 120 mm and an inner dianeter of EMENT SHE
15 mm and having a spiral pregroove forne St

depth of 180 nmand a pitch of 1.6 [err]m

-3 -

outer dianeter

E

e

¥

prepits is defined.

However, 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 média, and the informaiion recorded
in such optical information recording media can not be
reproduced by commonly and widely cdmmercially available
CD players for compact disks -of ROM type. |

To conduct the reproduction by commercially available
CD players, optical recording media must be able to
prcdgce reaa-out sigﬁals which satisfy the CD staandards
which are accepted world widely. .

.To satisfy the CD standards, it is required that the.
reflectance is at least 70%; with respect to the degree
of modulation of the read-out signals, I,;;/I.,, is at
least 0.6, and I3/I,,, is from 0.3 to 0.7; the block
error rate is at most 3.0 x 10~2; and further when a
push—pull method is employea 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 capable of not only
reprodgging but also recording information so that read-
out signals satisfying the above CD standards can be

obtained. lAccordingly,'in order to record information so

that signals satisfying the CD standards can be



T SHEEY '
JFEEEN obstfate thus nol ded, a

EP

formed by injection nolding. To the polyg

solution having 0.65 g of the sanme cyagnijne dye a &ieu tn Exanple 1
dissolved in 10 me of an acetyl acetond sol 26ngY ' gﬁgp]._AgEmgNﬁSHy_tt-pn
(Mv = 35000) further dissolved, was coated by spir odt ijng at a rotational

speed of 3000 rpm for about 5 secongds.
rotational speed was reduced to 300 rp

until the filmwas syfficiently dried to forma
reproduced, it is necessary to ensure accurate tracking

fien the filmforim ng started, the
on was continued

even when the CD is still in a non-recorded state.

A three beam method or a push-pull method is
generally known as a so-called tracking method for
accurately posxtxonlng the 1aser pick up so that ltS
irradiation position is in alignment with tng pit line on
the CD, and the recording and 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 from tﬁe right and
left sections along the track, and the laser pick up is
accurately guided on the track by comparing the
guantities of the liéhts reflected from the two sections.
Such a tracking method can be employed not only for an
optical information recording medium already recorded,
but also for an optical information recording meﬁium in a
non-recorded state. |

Similar to the CD standards (see IEC 908), such a
push-pull value is represented by (I; - I,)/I,, wherein
I, is the optical power infensity 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 um radial offset, as



l4 ght absorﬁfive Iéyer havi ng a thickness (dg) of 250 nm
(dabs) in the groove of this |ight absorptkve%ggggg.m@§.
conpl ex refractive index (nabs) was 2.4: TheR &t 1

The depth

LA ElENT Bhger

reading |aser beam was- 780 nm- and the optijcdl paraneter'(
was 0.77. Further, since the refractive indgx{ (pbesufinosg i
pol ycarbonate as the substrate material wa 1.58, the opti

b){at that tine
h

cal phase

di fference (AS) between the pregroove and tthe—tamd—TT a non-fecorded state

was -0. 3pentioned above.

However, in order to record information so that read-

out signals satisfying the CD standards can be obta

a push-pull value for recording is also necessary.

ined,

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 light absorptive layer containing a coloring

matter formed on the substrate and a light reflecti
layer formed on this light absorptive layer, has a
standard relating to such a push-pull value, or ind
the optimum conditions for the substrate and the 1li
absdrptive layer satisfying the various conditions
prescribed by the above-mentioned CD standards.
The present invention has been made in view of

above problems. It is 2 preferred object of the present

to provide an optical informaiﬁon recording medium

ve

icates

gnt

the

invention

whereby read-out signals prescribed in the CD standards

can readily be obtained and a method for optically
recording information to such an optical informatio

recording medium.

n

Specifically, it is a first preferred object of the present

invention to provide an optical recording medium whereby

stable tracking is possible during the recording as

as during the reproduction, and the push-pull value

satisfies the CD standards.

well
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i nformation recording nedi um thus obtaipe ct{REFALABEMERD 'Hggra
wavel ength of 780 nmwas irradiated at p 1.2 msec wit a
recording power of 6.8 mMW to record EFM s|gnals, in

It is a second preferred object of the pi_gs_gt_imndnn_m.pm@':le an optical

recording medium whereby the reflectance and the degree of modulation during the

=

a

Over the entire surface of this disk, af éPﬁﬁ@m{ T bpyEr land a protective
sl ayer were fornmed in the sane nmanner as]ip xa.cqﬂ—ﬁb——] To the opti cal
i, a sen cond
i RS UNH1958

reproduction satisfy the CD standards.

A third preferred 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 a first aspect of the present invention there is provided an
optical information recording medium comprising a light transmitting substrate
having a spiral pregroove formed on its surface, a light absorptive layer of a
colouring matter formed on the substrate directly or with another layer interposed
therebetween, and a light reflective layer made of a metal film formed on the light
absorptive layer directly or with another layer interposed therebetween, wherein AS
is the optical phase difference represén_ted by AS = 2dp {ngp = Nupe(1 - dype/dgn)}/ 2
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,,, 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 layér 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 wherein when
0< AS<0.3 recording is conducting in the pregroove and when -0.4<AS <0 recording
is conducted on a land formed adjacént said pregroove.

According to a second aspect of the present invention there is provided a
method for dptically recording information on an optical information recording
medium, wherein the optical recording medium of claim 1 is used, and the recording
is conducted by i'rradiating a recording laser beam from the light transmitting
substrate side to deform a layer on the substrate side of the light absorptive layer
and by forming pits in the pregroove of the optical information recording medium,
and when -0.4sAS <0 recording is conducted by forming pits on said land adjacent
to said pregroove.

According to a third aspect of the present invention there is proﬁdcd an

optical information recording medium comprising a light transmitting substrate
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the same manner as in Exanpl e 1.| RERGACEMENTSSHERT ¢ i t
recordi ng nmedi um was pl ayed back by a cponffercrally avaijl cz‘%‘%”‘é@%ﬁf{@ﬁﬁ%
whereby the reflectance of the optical |nf an;at:wngggccrci ng medi um was

I[err]/1[err] obtained fromthe gyp pattern of tihg read-out

~signals, was 0.65, I[err]/I[err] was 0. B5\+he—touckerrgr rate was 3.0 X

and t he push- fouII val ye s 0.048. This
0

having a pregroove rmed on its surface, a light-abserptive—tayerof a colouring

matter formed on the substrate, and a light reﬂéctive 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 correspopding 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 = 2d,{n - n (1 -
d,ps/dep)}/ 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,, is the
depth of the layer boundary on the iight absorptive layer side of the light reflective
layer at the portion corresponding to the pregroove, iy, 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 < d,,
< 350 nm wherein d,, is the thickness of the light absorptive layer at the portion
corresponding to the pregroove and wherein recording is conducted in the pregroove
of the optical information recording medium. |
According to a fourth aspect of the present invention there is provided an
optical information recording medium comprising a light transmitting substrate
having a pregroove formed on its sux:face, a light absorptive layer of a colouring
matter formed on the substrate, and a light reflective layer made of a metal fiim
formed on the light absorptive layer, wherein -0.4 s AS s -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 AS = 2d,, {n,,, - 0,.,(1 -
d,us/dgw)}/ 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,, 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 real part of the
complex refractive index of the substrate and any layer present on the substrate side
of the light absorptive layer, n,y, is the real part of the complex refractive index of



optical information recording medium fully satj S¥EPeACRMIST Sﬁﬁﬁﬁpv[lﬁogmgm SHEET
. prescribed in the CD standards. EXAMPLE 6 e {substrate

of a di sk shape having a thickness of 1.2 nmj an ' tle of 120 mm

and an inner dianeter of 15 mm and, favi ng spilral g%gpﬂgwdapabl e of

reproducing CD formatted signals forfred with g W-dt-h—ot—O~6—fernrm a

g;ap; ?oﬁﬁqgggéaésg%éﬁ ]z(ilnd ané"xti%réhé’%a%eﬁnkﬁ{éﬂ MackDpd r_angﬁ of tt%k‘dl anet er
< 350 nm wherein d,, is the thickness of the light absorptive layer at the portion

corresponding to the land and wherein recording is conducted on the land of the
optical information recording medium.

Embodiments of the invention will now be described by way of example only
with reference to the accompanying drawings in which:- )

Figure 1 is a partally cross sectional perspective view of an optical
information recording medium 1 according to an embodiment of the present
invention.

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

Figure 3 is a vertical cross sectional view of the main part in such a state 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 quantity of the reflected light.

Figure S is a graph showing the relation between ALd (the change iﬁ 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 showing the change of the push-pull over the period
covering before and after the recording.

Figure 7 is a graph showing the change 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,,"d,/A) and the
reflectance.

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

Figure 1 is a partially cross sectional perspective view of an optical
information recording medium 1, 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 paft of the same optical



régi on) and having spiral pregroove formed with a width of @
« depth of 50 nmand a pitch of 1.6 [err]min a range of a di aﬁ&%@“@#@&%ﬁn

100 to- 117 nm (recordable region) outside the ROMregion, was forned by

injection nolding. To the portion outside.the diameter of 100 nm i.e. the
recordabl e region only, of the pol yc%(bonate substrate thus formed, 0.55 g
of the same cyanine dye as wused in anmple 1 dissolved in |0 nferr] of an

acetyl acetone . sol vent, was coated by spin coating at a rotational speed
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 S formed on this
light reflective layer 4. Further, an intermediate layer (not shown) may be provided
berween the substrate 2 and the light absorptive layer 3 or between the light
absorptive layer 3 and the

man o

[ 29 JUN 1999




of 3000 rpmfor about 5 seconds. Wen t he filmformng started, the

. rotational speed was reduced to 300 rpm and REPLACEMENT SHE

- 44 - the rotation was continued until the filmwas hE I [
to ern1a light absorptive | ayer ﬁﬂﬁﬁbﬂﬂﬁ@fsﬁgﬁf

- 10 - 29 JUN 1999

light reflective layer 4, as the case requirds.

ed

On the substrate.z, 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 absofptive layer 3 éhd the light
reflective layer 4 are in contact with each other along
the second layer boundary 8. The light reflective layer
4 and the protective layer 5 are in contact with each
other along the third layer boundary 1l0.

As shown in Figure 3, when a recording beam (a
recording laser beamf-Ll is irradiated to the optical
information recording medium 1, the light absorptive
layer 3 absorbs the energy of this laser beam L1 and
generates heat, whereby heat deformation takes place on
the substrate 2 side to form a pit 11. 1In some cases, an
optical change takes place in the light absorptive layer
3. As clearly shown in Figﬁre 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 béundafy 8
at the portion corresponding to the pregroove 6 is
designated as dg,,.
) Likewise, the depth from the second layer boundary 9

at the portion corresponding to the land 7 to the deepest

bottom portion of the same second layer boundary 9 at the

ET
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The real part of the complex refractive index of the
above substrate 2 and any layer located on the substrate
2 side of the first layer boundary 8 is designated as

n Namely, when the light absorptive layer 3 is

sub*
formed directly on the substrate 2 as illustrated in
Figure 2, ng,, is the real part of the complex refractive
indgx of the substrate 2. When any'layer located on the
substrate side of the first layer boundary 8 exists, Ngus
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
light absorptive layer 3 is desiénated as ngpe-

-The average thickness of the light absorptive layer 3
is designated as d,,. Here, the average thickness 4,, is
represented by (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

dge-
The thickness of the light absorptive layer 3 at the
portion corresponding to the land 7 is designated as dine
The imaginary part of the complex refractive index of

the light absorptive layer 3 is designated as Kaps*

The wavelength of the reading beam (reading laser

he
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a protective

| ayer were fornmed in the sane manner as in GE AP EMENT SHEET
recordabl e region‘of the optical information ecordi ng nedi t hus

obt ai ned,: a sem conductor |aser having a wayelierp@hlid was
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MV to record EFMsignals, in the same manngr *
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Further, the optical phase difference of this reading

anple 1} Then, this

laser beam L2 reflected from the light reflective layer 4
between the portion cor:es;onding to the pregroove 6 and
the portion correspoﬁding to the land 7, is designated as
AS. Now, this optical ghase difference AS will be
described. |

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

Rgup*Gsup + Raps dia
when the first layer Eéundary 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 8 at the porticn corresponding to the pregroove
6 1s represented by: |

-d

Rabs gz

when the f£irst layer boundary 8 on the substrate 2 side
of the light absorptive layer 3 in the pregroove 6 is
regarded as the refefence.

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

abs'dgr

ND = (Dgup°Cgup + Mapsdyy) — 0
= Ngup dsup = nabs(dg: = dyq)

where d ;. + d,,4 = d;, + d



pl'ayed back by a conmercially avail abl e CD pl aygr
. of the optical information recording mediumwa
obtained fromthe eye pattern of the read-out
I[err]/1[err] was 0.31, the block error rate
pull value was 0.070. This optigal infor

push-
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sg%_""e

Namely, dg.

Accordingly, ND = ngu-diup = Rape(dguy = daps) -

- d)j, =4d - daps

a sub

Accordingly, when the reading beam L2 is irradiated

- from the substrate 2 side, the optical phase difference

AS = 2&5/& of the reading beam L2 reflected by the light
reflective layer 4 between the pregroove 6 portion and
the land 7 portion is representéd by:

2d  p{ngyy = naps(l - dabs/dsub)}/l'

As shown in Figure 4, when AS ié changed 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 standards
within a range of AS £ 0.3 from the results of
experiments and simulation.

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

Hefe, the tracking error signal i.e. the push-pull
signal depends particularly on 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 the recording method involving deformation of the
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CD standards. COWPARATI VE EXAMPLE 1 - To the same_polycarbonate
» Substrate as nolded in Exanple 1, 0.55 g of th
Exanple 1 dissolved in 10 ne of an acetyl acet
by spin coating at a rotational speed of 3000 r
continued until the filmwas - 14 -

UL L e

pny and t he rotdtilon was
n‘ 29.JUN ¥

be

substrate 2 at the first layer boundary
substrate 2 and the ligh: absorptive layver 3, the surface
of the layer on the substrate 2 side of the light
absorptive layer 3 deforms in correspondence with the
deformation of this substrate 2, whereby the opticail
distance of the recorded portion corresponding to the pit
11 becomes short. Accordingly, as shown in figure,s,
when the change ALd in the optical distance between
before and after recording (the oétical 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 before and after recording is A/z,
there will be no change in the push-pull value between
before and after recording (the change AP.P. in the push-
pull). Whereas, when the change ALd is less than A/4,
the push-pull value at 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 always positive
i.e. the phase is not reversed in the case as shown in
Figure 6, whereby tracking can adequately be conducted.

Accordingly, when AS > 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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1.58, the optical phase difference (AS).befween the

the push-pull between the portion Of pit 11 and the non-
pit portion.

If recording is made on the land 7 portion when AS >
0, it is likely that the push-pull level becomes 0 during
the recording) as shown in F}gure 7. 1If ﬁhe push-pull
level becomes 0, tracking during the recording will be
unstable, thus leading to miétrécking or jitter.

As a result of the study, the pFesent inventors have
found it possible to present an optical information
recording medium 1 capable of tracking on the pregroove 6
under a stabilized conditibn by adjusting the optical
phase difference AS to a level within a range of from
0.03 to 0.3. If AS is'less than 0.03, the push-pull at
the recorded portion tends to be too small to conduct
tracking under a stabilized condition. On the other
hand, if AS is larger than 0.3, the reflectance at the
recorded portion will be small, whereby it becomes
difficulé to satisfy the reflectance of at least 70% as
prescribed in the CD stand#rds.

- 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 substrate 2 and the light
absorpfive layer 3, the surface of the layer on the

substrate 2 side of the light absorptive layer 3 deforms
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To the opti-cal information r

in correspondence with the deform ' substrate
2, whereby the cptical distance of the recorded portion
cofresponding to the pit 11 beccmes short. Accordingly,
as shown in Figure 5, in the case where the change ALd in
the optical distance is A/4 (difference in the light
path: A/2), there will be no difference in the push-pull
between the recorded portion and the non-recorded portion
(the change AP.E. in the push-pull). Whereas in the case
where the change ALd is less than l}4, the push-pull at.
the recorded portion tends to be large.

If recording is made on the land 7 in such a case,
the push-pull during the recording is always positive
i.e. the phase is not”inverted as shown in Figure 6,
whereby tracking can satisfactorily be conducted.

-Accordingly, when AS < 0, it is preferred that the
recording is conducted on the land 7, whereby recording
and reproduction can be conducted 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 11 portion
and the non-pit portion.

Further, if recording is conducted on the pregroove §
portion when AS < 0, the push-pull is likely to be 0
during the recording 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 cépable of tracking under a stabilized
condition by adjusting the dptical phase difference 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 difficult.

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 d,,, 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 1l having a high degree of modulation and
little jitter or wave shape distortion, which thus
satisfies the CD standards for read-out signals.

Now, "the thickness dg: at the portion corresponding
to the pregroove 6 will be déscribed.

In a case where recording is conducted in the
pregroove 6 when the optical phase difference is AS > 0,
recording can be conducted under good condition with
little wave shape distortion or jitter, when the
thickness dgr at the pregroove 6 portion is from 90 to
350 am. _

Especially when dgr is from 150 to 300 nm, fecording

can be conducted under the optimum condition with a high



cénnercially avai l able CD player, whereby the refl ectance of the optiCaI

I nformati on recordi ng nmedi um was 63. 0%——tT | btaijed by the eye
pattern of the read-out signals, was Ofﬁ£LK¢ ]$$$§R ] P@A@éWEmﬁgHgET'
bl ock error rate was 3.0 x 10[err], dhthe push- pul I} Val ue was 0. 087.

© Thus, when [err]Sis 0.35, the refjectanced gUNpWI9and |the push-  pul |
val ue i s poor, whereby the requirenent

not be Sgetér?éé egf mo%'\ﬁi%n? and nb su stantial change._“';:‘fn the

rescribed i tlhhe CD standards can

push-pull as between before and after the recording. If
dgy is smaller than 30 nm, the optical phase difference
between the recorded portion and the non-recorded portion
tehds to be too small to obtain adequate degree of
modulation. On the other hand, if d;.  exceeds 350 nm,
jitter and waveform distortion will be subst;ntial, and
it becomes difficult to satisfy the CD étandards 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
when the optical pha§§ difference is AS < 0, excellent
recording can be conducted with little wave shape
distortion or jitter when the thickness 4,, at the land 7
portion is from 90 to 350 nm.

Especially when d,, is within a range of from 180 to
350 nam, récording can be conducted under an optimum
condition with a large degrée.of modulation and no
substantial change in the push-pull between before and
after the recording. If 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 adequate
modulation. On thé other hand, if 4,, 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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to the block error ra
In the foregoing, the invention has been described
with reference to an embodiment wherein a single light
absorptive layer 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 adjacent to the ligﬁt absorptive
léyer. |

Further, the positive and negaﬁive symbols for push-
pull used in the foregoing description, may be inverted
depending upon the positive or negative setting of the
player. Even when the symbol is inverted, the same
description is applic;ble so long as there is no change
in the symbol for push-pull between before and after
recording. | |

Now, the optical parameter defined by p = n,, -d,,/A
will be described.

From the results of the experiments and simulation by
the present inventors, it hés been found that p =
N,ps°day/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 is
important that p = n,, -d,,/A wherein n_, is the real
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
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al'cohol , and the sol ution was Spi n-coated on dhéfaggyénwag t%a e by

. changing properly the rotational speed, to AEET
havi ng an average thickness d[err] of 140 nm ___The de gﬂfkﬁ$ E
pregroove 6 of this |ight absorptive |ayer 49 nm and the c npl ex
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thickness d,, of the land 7 portion and A is the
wavelength of the reading laser beam, is set within a
range of 0.05 < p < 1.6 to attain a reflectance of at
least 70% and oﬁtput signals with a degree of modulation
I;3/Irep Of at least 60% and a degree of modulation’
I3/Itop of from 0.3 to 0.7, as prescribed in the CD
standards. By adjusting the optical parameﬁer p within
the above range, the reflectance can be easily made to be
at least 70% as prescribed in the CD standards.

If p is smaller than 0.05, the thickness d,, of the
light 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 proéuction. Accordingly, within the
range of 0.05 < p £ 0.6, a range of 0.30 < p £ 0.6 is
practical. 1In order to secure an adequate degree of
modulation, the optical parameter p is preferably at
least 0.1. 1In order to obtain stabilized recording
propertiés with a high degree of modulation, a range of
from 0.45 * 0.1 is 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, there are two
peaks which always exist within the ranges of 0.6 < p <
1.10 and 1.10 < p < 1.6. At such peaks, a high
reflectance can be obtained. If p > 1.6, the thickness

of the layer is so thick that it becomes difficult to
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-*47 - laser beamwas 780 nm and the opticad thﬁx tine
was 0.48. Further, since the refractive index i EMENT SHEET
pol ycarbonate as the substrate material was 1. phase '
difference ([err]S) between the pregroove an he lapnd in_a pop-recorded
state was 0.052. Further, fromthe épqve resaLts, the thickness (d[err])
of the pregroove 6 was 175 nm _l

control the thickness, such being not préctical from the
viswpoint 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
increases as the value p increases. '

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

Further, this graph can be represented by an

exponential function having the imaginary part k,,. of

-]
the compiex refractive index of the light absorptive
layer 3 and 4,, as parameters. As shown in Figure 9, it
has been found  that the overall decrement of the

increases.

reflectance in the graph increases as k,. .

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 d there

av’

will be no variation in the periodic cycle of the peaks
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reflective layer, an ultraviolet curable resi §;ﬁﬁwmﬂ¢dﬁﬂﬁﬂ nd cured
by irradiation with ultraviolet rays to forma ' havi ng a

t hi ckness of 10 [err]m - To the opbical inflorjmati on heggédin medi um
~thus obtained, a sem conductor |aser having a eEéhdU 80 nm was
irradiated at a linear speed of 1.4 msec for ! ]

in -the graph.

Under certain conditions, it is alsd possible to
increase the reflectance at the bottoms of the graph in-
Figure 8 by controlling the above-mentioned parameters.

- However, when the éptical parameter p is set in the
vicinity of the bottoms, it becomes difficult to increase
the degree of modulation and in some cases,‘the
reflectance is likely to increase beyond the.level prior
to the recording. Thus, the_opticai parameter p is
preferably set in the vicinity of the peaks.

Now, k,,s will be explained.

In order to obtain a high reflectance, this k,, . is
;equired to be at most 0.3.

The present inventors have found that the numerical
value of k,,; is an important parameter. Namely, when
this k,,. is at most 0.3, the closer the value k,,. to 0,
the higher the reflectance. Therefore, this range is
most preferred. However, if the value is too close to 0,
the recording sensitivity will be poor. Therefore, it is
required to be larger than 0. Specifically, it is
preferably at least 0.0l1. 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

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, Kabs

is preferably at most 0.2.
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applicable even when other layers are provided. For
example, in a case where a transparent layer such as an
enhancing layer of e.g. Si0O, 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 1e§er 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 absorptive layer 3, and the optical
parameter p will be p = (n;-d;+n,-d,)/A. In a case of a
plurality of layers,“the optical parameter p will be p =
Z(n;-d;)/A where i is an integer and n; is the real part
of the complex refractive index of each layer, and 4; is
the average thickness of each layer.  In this manner,
even the case involving a plurality of layers, can be
dealt w1th in the same way.

Likewise, a composite complex refractive index K
representing the average of a plurality of k,,., can be
obtained by K = Zd;-k;/ Z4; where k; is the imaginary
part of the complex refractive 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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highltransparency,with a refractive index 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. Fu;ther, other layers such as a
‘solvent resistant layer of e.g. §i0, 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 preferred as the material for
the substrate 2. Fufﬁher, the thermal expansion
coefficient a of the substrate 2 is preferably at a level
of from 5.0 x 1075 to 7.0 x 1073 cm/°C.

A tracking guide means is a provided on the surface
at the absorptive layer 3 side of the substrate 2. Such
a trackiﬁg guide means may_be_so-called sample servo i.e.
address pits composed of pits formed at predetermined
intervals. However, a pregroove 6 formed in a spiral
shape (Figures 2 and 3) is p%eferred. The spiral
pregroove 6 is used to guide the tracking when data
signals are to be recorded.

The depth of the pregroove 6 may be at any level so
long as it meets the usual conditions. However, a dépth
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 1.3 pm. The .

distance between one pregroove 6 to another pregroove §

i.e. a so-called tracking pitch is preferably 1.6 um.

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 pregroove is usually formed by

pressing 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 which undergoes

heat generation, fusion, sublimation, deformation or

property change when irradiated with a laser beam. This

light absorptive layer 3 is formed by uniformly coating

on the su}face of the substrate 2 a cyanine dye or the

like dissolved 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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dye, a croconic methine dye and meItUcYEn"he dye, may be
mentioned. However the material of the light absorptive
layer is not limited to such examples. The effects of
the'present invention can be obtained, so long as it is a
conventional optical recording material. .

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

Specifically, isobutylene, a maleic anhydride
copolymer, an ethylene-vinyl acetate copolymer,
chlorinated polypropylene, polyethylene oxide, polyamide,
nylon, a cumarone re51n, a ketone resin, a vinyl acetate,.
polystyrene, PVA (polyvinyl alcohol) and PVE (polyvinyl
ester) may, for example, be mentioned.

As a cellulose derivative, carboxymethyl cellulose,
nitrocellulose, HPC . (hydroxypropyl cellulose), HEC
(hydroxyéthyl cellulose), MC (methyl cellulose), EC

(ethyl cellulose), EHEC (ethylhydroxyethyl cellulose) or

CMEC (carboxymethylethyl 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 ébsorptive layer 3 is formed by applying
the above-mentioned dye and optical additives dissolved

in a known organic solvent (such as kétone alcohol,



thickness (d[err]) after the filmformation th
(d[err]) in the pregroove of this |ight abgoript RAET
the conplex refractive index (n[err]) was 2\ 7 ([err]) of
the reading |aser beamwas 780 nm .and the §pii p) at that
time was 0. 90. Further, [err]Si® a nondr ecor ded st that tine
was

acetyl acetone, methyl cellosolve or tolﬁene), on thg
surface of the substrate 2 having the pregroove 6, or on
the surface of other iayer formed on the substrate 2.

For such application, a vapor deposition method, a LB
method or a spin cocating method may be mentioned. Among
them, a spin coating method is preferred, since the
thickness of the light absorptive 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 coatihg with a mixture of substances
having different viscosities, a method of cogducting spin
coaﬁing with a light absorptive layer substance dissolved
inla 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 £ilm.
For example, gold, silver, copper, aluminum or an alloy
thereof is formed into such a metal f£ilm by a method such
as a vapor deposition method or a sputtering method.
Among them, a metal film composed mainly of gold or an
alloy containing goid is preferred, since it is required
to have a reflectance of at least 70s%.

Further, to prevent oxidation of the light reflective

layer 4, other layer such as an oxidation resistant layer



49 0.11. :?he t hi ckness (dgr) of the light absorptive layer in the

. pregroove was 290 nm : Over the entire surface of this di ; . '
film having a thickness of 60 nmwas forned by a vacuum ¥ L AC
met hod. Further, on this light reflective £ :
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may be formed on the light reflective layer 4.

The protective layer 5 is formed with a resin
excellent in the impact strength similar to the substrate
2. For example, it is formed by coating an ultraviolet
curable resin by spin coating, followed by irradiation
with ultraviolet rays for curing. As other materials, an
epoxy resin, an acrylate resin, a silicone hard coat
resin, etc. may be used.

The protective layer 5 is usualiy formed by coating a
monoﬁer or oligomer of an organic compound capable of
forming a polymer by polymerization, followed by a cross
linking reaction. However, the material is not limited
to such an organic cdhpound‘ For example, an inorganic
substance may be applied by a known method spch as a
sputtering method or a vapor deposition method.

In order to obtain a protective layer of an organic
polymer by the cross linking'reaction, it is advantageous
from the operational point of view to adopt a method
wherein a reaction initiator and a reaction catalyst are
‘added in small amounts to a mixture of a monomer and an
oligomer of an organic polymerizable compound having at
least oﬁe reactive acryloyl group (-CHE=CH,) per molecule,
such a liquid mixture is coated and then cross-linked by
irradiation with ultraviolet rays or electron beams.

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

by heat such as an epoxy resin or a urethane resin may be



| ayer,

irradiation with ultraviolet rays to forma

t hi ckness of 10 pm .- To the optical inf :

obt ai ned, a sen1conductor | aser having a wayefength of was
irradiated at a |linear speed of 1. 44 sec f nithe same manner
as in Exanple 7, whereby the optinumrecorai 2\ Wth this

power ,

an ultraviol et curable resin was spin- coated and.. e+

ke SHEg/cR
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a dialkoxysilane coupling agent may

be employed.

The backbone chains and side chains of the cross-
linked product thus obtained may be a saturated or
unsaturated linear hydrocarbon, or may contain a cyclic
coméound of e.g. melamine or bisphenol type. Further,
the backbone chains or side chains of such a cross-linked
prodﬁct may contain at least one other bond such as an
ester bond in the form of a polyestér,'an urethane bond
in the form of a polyurethane, an ion linkage'in 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 or a sulfide bond in the
form of a polysulfide. It may be a copolymgr compound
containing two or more such bonds, or it may be a block
polymer.

Further, these cross-linked products may contain a
fluorocafbon in their side cﬁains in order to improve
their moisture resistance or may contain epdxy resins to

'prevent the degradation by # hydrogen ﬁalide.

Further, they may contain hydroxyl groups, carboxyl
groups, acrylic groups, amino groups 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 5, the

coating solution may contain in addition to the resin,



~optical information recording medium Then, fhe: rf{i on was
. pl ayed back in the sane nmanner as in Exanpl F&P£&ﬁ@5 vsﬁ
was 73.2% I[err]/I[err] of the read-out sijgnals was 0.85, {I'
was 0.45, the block error rate was 2.2 x 10 ef r b9 M 1399
was 0.053. This optical informatiop,recordiphgljnmediumfully |satisfies the
requi rements prescribed in the CD Standards{ “COVPARATT VE

the reactants and the reaction initi

diluent to improve the coating properties. Further, Eo
stabilize the coated £film, a leveling agent, a
plasticizer, an antioxidant, an antistatic agent, etc.
may be incorporated. Further, if necessary, the coating
solu£ion 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 conceﬁtration of the
reactive acryloyl groups. The curing may alsé 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 medium 1 of the’
present invention, a layer behind the light absorptive
layer 3 relative to the light transmitting substrate 2,
such as the light reflective layer 4 or the protective
layer 5, is preferably made of a material having a heat

. distortion temperature and a'hardness higher than the
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 signals can effectively be
reduced.

Within the practical environmental temperature i.e.
from -15°C to 70°C as prescribed in the CD standards, by
adjusting the hardness of the protective layer 5 to a

level of a pencil hardness of at most 2H, it is possible



To the land portion in the non-recorded area|oRERHEENGHT | BHET Rhpos EAMENPNSHEET
ded at a

recordi ng nmedium prepared in Exanple 8, EFMisifgnalrs Were rego

| i near speed of 1.4 _ 29 4 NSQ?? %f;ec at the
opti mum recordi ng power using a sem conductdr {l aser %aV| s vavel engt h of
780 nm Then, ' : - 31--

to controi the deformation of.the second.layer boundary 9
at the light reflective layer 4 side of the light
absorptive layer 3. Consequently, the wave-forh
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 1075 to 9.0 x 1073 within the practical
environmental temperature of from -15°C to 70°C, this
protective layer 5 shows a thermal volume change similar
to the substrate 2, wﬁereby the optical information
recording medium 1 will hardly undergo warp;ng as a whole
even when subjected to a he%t.l

In a case where a is less than 1.5 x 1073, the
substrate z_will expand more by the thermal expansion
under heating, and the optical information recording
medium 1 will warp to the protective layer 5 side,
whereby a tension will be created in each layer on the
substréte 2, thus leading to an increase of jitter of the
recorded pits 11. .

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 lighf absorptive

layer 3 and the light reflective layer 4 or between the



whereby the block error rate was 7.8 X
during the play back was 0.022. Each of {t Hese val ues fow

CD standards. EXAMPLE 9 A pol ycar Horlat 2 9sJd¥t ¥t e {0
having a thickness of 1.2 mm an ouper di &
di aneter of 15 mm and having a spiral” pregroove

a di sk shape
and an inner

' light reflective layer 4 and the Bc i§e layer 5.

When the shrinkage of the protective layer 5 is
adjusted tolbe not hiéher than 12%, even if it is cured
and subjected to a heat cycle test to remove a strain of
the resin, no cracking appears on the protective layer 5.
In consideration with the mechanical strength, this
shrinkage is preferably at most 10%.

Furthermore, an oxidation resis;ance layer to prevent
oxidation of the light reflectiye laye? 4 may be
interposed between the light reflective layer 4 and the
p:otective.layer 5. |

Recording on the optical information recording medium
of the present inveﬁtion can be conducted by a
conventional optical information recording apparatus as
described below. Namely, the optical information
recording mediﬁm 1 is disposed so that the surface of the
light transmitting substrate 2 faces the laser
ifradiation means i.e. the pick up side of the optical
information recording apparatus. While rotating this
optical information recording medium 1 by a spindle
motor, a laser spot modulaﬁed into a signal prescribed in
the CD standards is irradiated to the light absorptive
layer 3 of the optical information récording medium 1 by
the pick up to form a pit 11, under tracking by means of
the above-mentioned tracking guide means.

In the optical information recording method according

to the present invention, it is preferred to irradiate a



formed with a width of 0.7 [err]m a depth o RE-ARRMENT SS‘EET

—pifch of 1.6
.[err]m was fornmed by injection nolding. a cyanine d
1,1 -dibutyl-3,3,3,3 - tetranethyl-4,5,4", % {diponigon nessi @ég@gMgNgSHEFT
perchl orate (NK-3219, manufactured by Nippon Kdnko Shi ki so . .) was
di ssolved in 10 nfer] of diacetong 3zzalcohol. {This—sorution was spln coat ed
on the above substrate by approprlately charlgi ng .the rotati speed, to

forma Iijgie ARGYP Wit |ANUvd1RMGER A 5T YBSF 780 CzhmeSSFxﬂz{tﬁ{éd of 210
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 a; a level of from 6 to 9 mW.
Namely, with a commercially available CD player,
recording can.be conducted by increasing the recording
power to a level higher than the power for élay back.

At the time of this recording, when the land 7
portion between the pregroovés G'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 lgser beam to form pits 11 in
the_pregroove 6. When the pregroove 6 is optically
bright, it is preferred to form pits 11 on the land 7
portion. | |

By formiﬁg pits 11 under such conditions, the
difference in the bfightness of the reflected light of
the reading laser beam for play back will be distinct,
and a high degree of modulation can be obtained.

Thus, it is readily possible to obtain an optical
information recording medium 1 capable of providing read-
out signals satisfying the CD standards.

The optical information recording medium 1

is preferably of the tYpe shown in
Figure 3, wherein when a recording laser beam Ll is
irradiated from a substrate 2 side to the light

absorptive layer 3, this light absorptive layer 3 absorbs
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The depth (d[err]) in the pregroove of ‘this I g%F%AU
< ;Am and the conplex refractive index (nabs) si2.7. Sinc
([err]) of the reading |aser beamwas 780 nm th629p5$3§§9
at that tinme was 0.73. Further, since the refriagtive in
pol ycarbonate as the substrate - 34 -
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the laser beam.Ll and generates heat, whereby the surface
of the substrate 2 is locally deformed tc form pits 11 on
the surface of the substrate 2.

Otherwise it may be of the Eype 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
L1l diffuses into the softened substrate 2 and will be
partially mixed and or chegiéally reacted with the
components constituting the substrate 2 to form there a
portion which is optically different from other portions
of the light absorptibe layer 3 or the substrate 2 and
which thus constitutes a pit 11l.

-Reproduction of the recorded signals can be conducted
by irradiatin§ a reading laser beam L2 from the substrate
2 side and reading the diffe;ence in the brightness due
to the optical phase difference AS between the reflected
light from the pit 11 portion and the reflected light
from the portion other than the pits 11.

Further, the present ewodiment of the invention is applicable not

only to an optical information recording medium 1 wherein the _
light absorptive layer 3 is formed substantially over the

entire surface of the substrate 2, but also to an optical
information recording medium wherein a part of the
substrate 2 is a recordable region having the light

absorptive layer 3 and the rest of the substrate 2 is a
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entire surface of this disk, a gold film hayi id?alithi®@he

“was 1.58, thé dpticaI phase diffefe i}
|l and in a non-recorded state was oﬁ%ﬁiACQﬁtﬁléﬁﬁfﬁ

h the pregroove
om t he above
the thickness (d[err]) at the lafd{was 172 nm RERVAGEMENT SHEET
( of 60 nm was
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formed by a vacuum vapor depositiqn3gegho . {Further, on thip |ight

reflecti

ve

ROM region having pits 11l capable of repréducing CcD
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
layer 3 only at the outer recordable region.

With such an information recording medium, it is
possible to preliminarily record the same data in a large
quantity at the ROM region, and the ROM 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 whére the light
absorptive layer 3 exist, the user can record optional
data as he wishes. And, this recorded data can be
reproduced'with the signals prescribed by the CD
standards, and therefore can be reproduced by

commercidlly available CD players in the same manner as

the information,recorded on the ROM region.

Now, an embodiment of the present invention will be described in

detaii wifh reference to Examples. However, it should be
understood that the present embodiment of the invention 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



| 'ayer, an ultraviolet curable resin was sprrm@%%'\ﬂneﬁhﬁured by
irradiation with ultraviolet rays to formt F+-ve—t r having a

t hi ckness of 10 [err]m To the optica nforvght e LAQEMENTGHEET
thus obtained, a sem conductor |aser havihgia ﬁgﬁ 780 nm was
irradiated at a |linear speed of 1.4 sec fol__recording, breby t he

opti mum recordi ng pomer was 6.5 mMAN Wth tthis power, EFM signals were

recor ded 00 Lheon S0Y BOFEAQL WIEE"§V: 418 gt cal

130nm and a pitch of 1.6 pm, was formed by injection

a depth o

nm,

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 fér aﬁout 5 seconds.
When the film-forming started, the rotational speed was

. reduced to 300 rpm, and the rotation was continued until
the film was sufficiently dried to form a light
absorptive layer havihg a thickness (dg) of 150 nm. The
dépth (dapg) in the groove of this light absorptive layer
was-62 nm, and the complex refractive index (ngpe) was
2.7. The wavelength'(l) of the reading laser beam was
780 nm, and the optical parameter (p) at that time was
0.5. Fufther, since the refractive index (ng,p) ©of the
polycarboﬁate as the substrate material was 1.58, the
6ptical phase difference (AS) between the pregroove and
the land in the non-recorded state was 0.056.

Over the entire surface of this disk, a gold film
having 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 then cured
by irradiation with uitraviolet rays, to form a

protective layer having a thickness of 10 um.



i if or mat i on recordfng medi um was 74.596-I[err]

fromthe
. eye pattern of the read-out signals, was 0.82, LACOMERT SHEET
block error rate was 1.8 x 10[err], and the push- 0. 048.

This optical information recording nmedirum ful equi renents
prescribed in the CD standards. COVPARATI VE E he
pregroove portion in the non-recorded™area of }the optical inforjmation

recordi ng medi um prepared in . - -
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 with
a recofding power'of 6.8 mW, to record EFM signals.

Then, 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 reading power of 0.5 mW), whereby the
reflectance of the optical'information recording medium
was 73.5%, Iu/Itop obtained from the eye pattern of the

read-out signals was 0.78, I;/I was 0.45, the block

top
error rate was 2.0 x 1073, and the push-pull value was
0.067. Thus, the opéical information recording medium
fully satisfies tﬁe requirements prescribed in the CD
standards. . |
EXAMPLE 2

On a polycarbonate substrate molded in the same
manner as in Example 1, 0.65 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 2506 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 layer
having a thickness (dg) 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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Exanple 9, EFM signals were recorded at -a l|i nea——speed—e+~—1j4 nisec with
. the optimumrecording power using a _ REPLACEMENT SHEEY
- sem conductor |aser having a wavel egth df 78%9nﬁuNfH@%, this recorded
portion was played back in the same nmanner s in Exanple 9, Iwhereby the
bl ock error rate was 8.5 x - 38 -

index (n,,,) was 2.7. The wavelength (A)‘of the reading
laser beam was 780 nm, and éhe optical parameter (p) at
that time was 0.55. Further, since the refractive index
(ng,p) 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 0.15.

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

To the optical information recording medium thus
obtained, a semiconductor laser having a wayelength of
780.nm was irradiated at a lineér 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 élayed back by a
commercially available CD player, whereby the reflectance

" of the optical information recording medium was 70.3%,
Ill/Itop obtained from the eye pattern of the read-out
signals, was 0.75, Ia/I;op was 0.42, the block error rate
was 2.2 x 1072, and the push-pull value was 0.069. This
optical information recording medium sufficiently
satisfies the requirements prescribed in the CD

standards.



1d[err], and the push-pull” value during the play back was 0.009. Each of
- these val ues does not satisfy the CD standards. EXANMR PLAC

pol ycar bonat e substrate nolded in the sane S ACEMENT SHEEa D! QCB’,QE%T§EE5T

of the same cyani ne dye as used in Exanple Lssotved—TT |14 n{err] of

di acetone al cohol ‘'solvent, was coatgg by spi opriately

changing the rotational speed. The thicknessji(

EXAMPLE 3

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 hm and having a spiral pregroove
formed on its surface with a width of 0.3 um, a depth of
180 nm and a pitch of 1.6 pm, was formed by injection
molding. 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 acetylacétone 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 the rotation
was continued until éhe film was sufficiently dried to
form a light absorptive layer having a thickpess (dg) of -
140 -nm. '

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

abs

absorptive layer was 66 nm and the complex refractive

index (n,,.) was 2.7. The wavelength (1) of the reading
laser beam was 780 nm, and the optical parameter (p) at
‘that time was 0.48. 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
-0.068.

Over the entire surface of this disk, a reflective

layer and a protective layer were formed in the same

manner as in Example 1. To the optical information



the’filn1forning was 240 nm The depth (d[err]) I n- the pregroove of
this light absorptive |ayer was 10 nm fre—conpgtex rchp%ﬁd |
(n[err]) was 2.7. The wavelength ([err]) %ﬁbVH%NE P aser egﬂ:ma
780 nm and the optical paraneter (p) at | tthat tine mas _.33. Furt her,
[err]Sin a non-recorded state at_tfpat tii rre »as jyf1gey | Fprther, the

t hi ckness (d[err]) of the light absorptiivg | ayer on thejl hnd was 201 nm

Over the entire surface of this disk, a gold-frtm
recording medium thus obtained, a a semiconductor lﬁser

having a wavelength of 780 nm was irradiated at a linear
speed of 1.2 m/sec with a recording power of 6.8 mW, to
record EFM signals. Then, this optical information
recording medium was played back by a commercially
available CD player, whereby the reflectance of the
optical information recording medium was 77.5%, In/Itep
- obtained from the eye pattern of the read-out signals,
was 0.65, I;/I,,, was 0.40, the block error rate was 5.2
- x
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 diameter of 120 mm and an inner diameter of
15 mm and having.a SPiral pregroove formed on its surface
with a wiﬁth of 0.8 pum, a depth of 180 nm and a pitch of
1.6 um, was formed by injeétion 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
acetylacetone solvent, was coated by spin coating method
at a rotational spéed of 2500 rpm for about 5 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 (ag) of 150 nm.



haVing a thickness of 60 nmwas formed Yapor- deposition
.method. Further, on this light reflecti VZR@FgWPaﬁHEEEr
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resin was spin-coated and then cured by jirradiation wjth uItravi%@%@ys
to forma protective layer having a tHi gkn29sJgf 69 [ ¢r1lm To the .
optical information recording rre_di4Lim_t Hu '

The depth (d,,;) in the groove of—ehis—lightl

absorptive layer was 118 nm and the complex refractive

index (n,, ) was 2.7. The wavelength (1) of the reading
laser beam was 780 nm, and the optical parameter (p) at
that time was 0.52. Further, since the refractive index.
(ng,p) ©f 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 0.3.

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

To the optical information recording medium thus
obtained, a semicondﬁctor 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.
Then, this opfical information recording medium was
played back by a commercially available CD player,
whereby the reflectance of the optical information

recording medium was 70.0%, I,,/1 obtained from the eye

top
pattern of the read-ocut signals, was 0.61, I3/Itcp was
0.32, the block error rate was 5.5 x 10°3, and the push-
pull value was 0.070. This optical information recording '
medium fully satisfies the requirements prescribed in the
CD standards.

EXAMPLE §

A polycarbonate substrate having a thickness of 1.2

mm, an outer diameter of 120 mm and an’ inner diameter of



- '53 - .obtained, a seniconductor |aser hbWMWﬂA@HWEWEBRHQt of 780 nm was

.|rrad|ated at a I|near speed of 1.4 n sec fecoru.ny Bhe sane nanner
as in Exanple 9, whereby the optinmm recar %\eﬁ%ga E’?M!CBMEN”T_ SHEES
power, EFM signals were recorded at the and i dn of the optica

I nformation recordi ng nedi um Them4érmer=c rded _portio s pl ayed back
I n the sane manner as in Exanple .

15 mm and having a spiral pregroove forméd with a width
of 0.4 pym, a depth of 180 nm and a pitch of 1.6 pum, was
forhed by injection mdlding. To the polycarbonaté
substrate thus molded, a solution having 0.65 g of the
same cyanine dye as used in Example 1 dissolved in 10 m¢
of an acetylacetone solvent and having 0.1 g of é-nylon
(Mw = 35000) further dissolved, was'coated by spin
coating at a rotational speeq of 3000 rpm for about 5
seconds. When the film-forming sta?ted, the rotational
speed was reduced to 300 rpm, and the rotation was
continued until the £ilm was sufficiently dried.to form a
light absorptive layer having a thickness (dg) of 250 nm.

The depth (dabs)“in the groove of this light
absorptive layer was 10 nm and the complex rgfractive
index (n,, ) was 2.4. The wavelength (1) of the reading
laser beam was 780 nm, and the optical parameter (p) at
that time was 0.77. Further, since the refractive index
(ngyp) of the polycarbonate.as_thé substrate material was
1.58, the optical phase difference (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 the same
manner as in Example 1.

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 with

a recording power of 6.8 mW, to record EFM signals, in



9, whereby the reflectance was 72.1% | [err]/lﬁEPkACHMEN§Q9i' =nd- out

.signals was 0.84, I[err]/I[err] was 0.42, the PO was 1.9 x
10[err], and the push-pull value was 0.052.)Fpr _ FRul X
at the non-recorded portion wa$ al so 0.052.] Thu 1999t i ﬁﬁAﬁkyﬁﬁgt T
recording nmedium fully satisfies {hg Lequirejren | bgd jin the CD
st andards. COVPARATI VE EXAMPLE 5 To the pregroove por ign in the

non-recorded area of
the same manner as in Example 1. Then, this opticaz

information recording medium was played back by a
commercially availablé CD player, whereby the reflectance
of the optical information recording medium was 70.5%,
Ill/Itop obtained from the eyé pattern of the read-out
signals, was 0.65, I3/Itop was 0.35, the block error rate
was 3.0 x 10”2, 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 fprmatted signals formed with a

- width of 0.6 pm, a depth of 0.08 pm and a pitch of 1.6 pm
_in a rénge of the diameter of from 46 to 100 mm (ROM
region) and having spiral pregroove formed with a width
of 0.8 uym, a depth of 50 nm and a pitch of 1.6 pm in a
_range of a diameter of from 100 to 117 mm (recordable
region) outside the ROM region, was formed by injection
molding. To the portion outside the diameter of 100 mm
i.e. the recordable region énly, of the polycarbonate
substrate thus formed, 0.55 g of the same cyanine dye as
used in Examp;e 1l dissolved in.10 mé of an acetylacetone
solvent, was coated by spin coating at a rotational speed
of 3000 rpm for about S seconds. When the film-forming

started, the rotational speed was reduced to 300 rpm, and



the optical information recording nediumpre
.signals were recorded at a linear speed of 1}4fnmsec wih the jopti nmum

recording power using a seniconductor |aser hali g aupexrhe BEPLAGEMENT SHEET
this recorded portion was played back jnf the sanme.-"manrjer] as in

a0l

Exanpl e 9, whereby the block error rajge_was 8 Ox—ibfer+is—dng the )
val ue during the play back was 0.0l2. Each of these]val ues daes

not satisfehd R icH AMAGhtinued until the £ilm was

push- pul

sufficiently dried to form a light abscrptive layer
having a thickness (dgf of 150 nm.

The depth (d,,;) in the groove of this light
absorptive layer was 40 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 0.52. PFurther, since the refractive index
(ng,,) of the polycarbonate as the sﬁbstrate material was
1.58, the optical phase difference (AS) betweén 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.

-To the recordable region of 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 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 commercially available CD player,
whereby the reflectance of the optical information
recording medium was 75.0%, In/Itop obtained from the eye

pattern of the read-out signals, was 0.60, I3/1 was

top
0.31, the block error rate was 6.0 x 1073, and the push-
pull value was 0.070. This optical information recording

medium fully satisfies the requirements prescribed in the

hRERLACEMENS SHBEE 10, EFM



As described in the foregoing, , by adj usting the opti cal
. phase - 54 - difference [err]S; th
t hi ckness of the light absorptive |ayer at ortlonHEHhACHﬂEﬁéﬁﬂﬁET

of the pregroove to prescribed levels, it ils %Bsmmﬁmrt%gprl de an
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CD standards.

COMPARATIVE EXAMPLE 1

To the same polycérbonate substrate as molded in
Example 1, 0.55 g of the same cyanine dye as used in
Example 1 dissolved in 10 me of an acetylacetone solvent,
was coated by spin coating at a rotational speed of 3000
rpm, and the rotation was continued until the £ilm was
sufficiently dried to form a light absorptive layer
having a thickness (dq) 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 (1) of the reading
laser beam was 780 nﬁ, and the optical parameter (p) at
that time was 0.45. Further, since the ref;gctive index -
(ng;p) ©f 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 0.35.

Over.the entire surface of this disk, a gold film

‘having a thickness of 60 nm was formed by a vacuum 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



oﬁtical I nf.ormati on recordi ng nedi um capable of satisfying th :
. prescribed in the current CD standards, particularly the pushﬁﬁﬁfﬂdéﬁhNkﬁHEET
prescribed in the CD standards as well as the prescribed Vﬁ'uco feF-t-he '
refl ectance and the degree of nodul ation, and a nethod fr é%é@EMENbE%mET
such an optical information recordingggnedi um

29 JUN 1999

same manner as in Example 1. Then, this optical

information 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 oﬁ the read-out
~ signals, was 0.75, I3/It°p'was 0.52, the block error rate
was 3.0 x 1073, and the push-pull value was 0.087. Thus,
when AS is 0.35, the reflectance is low, and the push-
pull value is poor, whereby the requiréments 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 um, was formed by injection molding.

As a cyanine dye, 0.65 g of 1,1'~dibutyl~-3,3,3',3'~-
tetrametﬂyl-4,5,4',5'-dibenzoindodicarbocyanine
perchlorate (NK-3219, 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 average thickness
d,, of 140 nm.

The depth (4,,.) in the pregroove 6 of tﬁis light
absorptive layer was 49 nm and the complex refractive

index (n,,,) was 2.7. The wavelength (A) of the reading
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‘side of t "ayer at e portion correspondin

pregroovel.§B?r5$e'3p£D8aieﬁﬁagéraleeEEﬁcEOWBBQXbetween the

pregroove and the land in a non-recorded state was 0.0527 - —

Further, from the above results, the thickness (d4.) 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 method; Further, on this light reflective
layer, an ultraviolet curable resin was spin-coated and
cured by irradiation with ultraviolet rays té 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 7.2
mW. Witﬁ this power, EFM signals were recorded at the
_pregroove portion, 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 a 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, I3/Icop was 0.42, the block error rate

was 1.6 x 1073, and the push-pull value was 0.067. This



réfractive index of the substrate and any Iayer present on the substrate
. side of the |I|ight absorptive layer, n[err] is the real part JRERLAGE M@Nﬁﬁ@fET
refractive index of the Iight absorptive layer, and [err] is the

wavel ength of a | aser beam and wherein when O < [err]S [err] 0.3 recording
is conducting in the pregroove and whgg ~0.4 [err] [err]S < 0 recording is
conducted on a |l and forned adjacent sald pregroove, 2. An_aptical
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nm |ng ITE Ium accC 1119 to—ctarm,
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are al ready hasyad. |s provided at the region where the |lilght _absorptiy
| ayer is absen : A method for optically recording information on

an Optlcabomhﬁmfﬂﬁtoﬁxmpnz 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 waveleﬁgtﬁ of 780 nm. Then,
this recorde§ portion was played back in the same manner
as in-Example 7, whereby the block error rate was 5.0 x
102, and the push-pull value during the play back was
0.019. Each of these values does not satisfy the CD
standards. |
EXAMPLE 8 _

To the polycarbonate substrate molded in the same
manner as in Example 7, 0.78 g of the same cyanine dye as
used in Example 7 dissolved in 10 m¢ of a diacetone
alcohol solvent, was coated bf spin coating by
appropriately changing the rotational speed. The

_ thickness (4,,) after the film-formation was 260 nm.

The depth (d,,) in the pregroove of this light
absorptive 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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recordi ng nmedi um wherein the optical recordlnagﬂéﬁEMﬁﬁht.t Im1lis used,
and the recording is conducted by irradiatinpgi{a recording | aser beam from

the light transmtting substrate side to defioim 29l ykr9%h ARERANTSHEET
-side of the light absorptive layer and by fgrrfing pits in the}jpregroove of
the optical information recordi ng gegd um and when -0.4[err] S0 recording
I's conducted by formng pits on _ : -
- 56 - said land adjacent to said pregroove. 5. A nmet hod accordi ng
to clainmp4gywherein dlerr] 50 nm '

i

The thickness (d4.) of the light absorptive layer in
the pregroove was 290.nm.

Over tbe entire surface of this disk, a gold film
having a thickness of 60 nm was formed by a wvacuum vapor
deposition method. Further, on this light reflective
layer, an ultraviolet curable resin was spin-coated and
cured by irradiation with ulﬁraviolet rays to form a
protective layer having a ghickness'of.lo 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 tq;s power, EFM-
signals were recorded at ﬁhe pregroove portion of-the
optical information recording medium. Then, the recorded
portion was played back in the same manner as in Example

7. whereby the reflectance was 73.2%, I,,/I of the

top
read-out signals was 0.85, I3/Iy,p Was 0.45, the block
érror-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



6.  An optical information recording medi um conpii REMACEMENDIBHEET
! [

transmtting substrate having a pregroove fornmed on

absorptive layer of a colouring matter formed on tHhe sgﬁgté@ég n
i P?fi

i cal phase di
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i ght reflective |
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reflective |layer at the portion corresponding to the pregroove, n[err] is
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| ayer, and [err] is the wavelength of a |aser beam and 90 nm[err] d[err]
350 nn1wh§mamdaapéhr] is the thickness of the |ight absorptive

EXAMPLE S

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 pregroer
formed with a width of 0.7 pym, 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'-dibuty;—3,3,3',3'-
tetramethyl-4,5,4"',5'-dibenzoindodicarbocyanine |
perchlorate (NK-3219, manufactured by Nippon Kanko
.éhikiso K.K.) was dissolved in 10 m¢ of diacetone
alcohol.. This solution was spin-coated on the above
;ubstrate by appropriately changing the rotational speed,
to form a light absorptive iayer having an average
thickness d,, of 210 nm.

The depth (d,,,) in the pregroove of this light
absorptive layer was 12 nm, and the complex refractive
index (n,, ) was 2.7. Since the wavelength (A) of the
reading laser beam was 780 nm, the optical parameter (p)
at that time was 0.73. Further, since the refractive

index (ng,,) of the polycarbonate as the substrate
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| ayer at the portion corresponding to the rdgroovg%ﬁﬁgﬁ&h |n recordlng
. 1s conducted in the pregroove of the optic cordlgg medi u

7. An optical information recording medi conpri sing CEMENTSHEET
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Over the entire surface of this disk, a gold £film

S

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 iays to form a
protective layer having a thickness of 10 pum.

To the optical information recording medium thus
obtained, a semiconductor laser having a wavelength of
780 ‘nm was irradiatéq 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, whereby the reflectancelof the optical
information recording medium was 74.5%, In/Itop obtained
from the.eye pattern of the read-out signals, was 0.82,
I3/I,p Was 0.42, the block error rate was 1.8 x 1073, and
the push-puli value was 0.048. This optical information
recording medium fully satisfies the requirements
prescribed in the CD standards.

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
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10°2, and the push-pull value during the play back was
0.009. Each 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'cyénine dye as used
in Example 9 dissolved in 10 m¢ of diacetone alcohol
solvent, was coated by spin coating by appropriately
changing the rotational speéd. The thickness (d,,) after
the £film forming was 240 nm.

The depth (dg,,) in the pregroove of this light
absorptive layer was 10 nm, and the complex refractive
index (n,,.) was 2.7. The wavelength (1) of the reading
laser beam was 780 nm, and the optical parameter (p) at
that time was 0.83. Further, AS in a non-recorded state

at that time was =-0.22. Further, the thickness (d,,) of

the light absorptive layer 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 pm.

To the optical information recording medium thus
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optical information recordi ng medi um accordi hgjto claim®6, 7
wherein k[err] [err] 0.3 wherein k[er]sgs the Maginary part o the conplex
refractive index of the light absorptive |aygr. 11, A nethbd for

ormn regroov i on

recordi ng, kesqaaat'gnsgglapﬁaeEh89'1ssg9fgsogeggg;|Cv%&eﬁﬁgpng , which’
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nmet ho ng rntormati on .on an op

”Ed'U”‘OfrEESthng 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 Jand _ portion of the
optical information recording medium. Then, the recorded
portion was played back in the same manner as in Example
Sr whereby the reflectance was 72. l%, I;1/Iqp Of the

read-out signals was 0.84, 13/I was 0.42, the block

top
error rate was 1.9 x 1073, and the push-pull value was
0.052. Further, the push-pull value at the non-recorded
portion was also 0.052. Thus, this optical information
recording medium fuliy satisfies the requirements
prescribed in the CD standards.
COMPARATIVE EXAMPLE 5

. To the pregroove portion in the non-recorded area of
the optical information recording medium prepared in
Example io, EFM signals were recorded at a linear speed
.of 1.4 m/sec with 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 block error rate was 8.0 x
1071, 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,

by adjusting the optical phase

I cal recordlng



7, which conprises formng pits on the |land of the optical information
‘recording nediumby irradiating a recording |aser beamfromthe substrate
side.; 13. . A nethod according to claim 11l or claim12, whe EPEAQHMENFSHE
absorptive |l ayer side of the substrate is deforned by the i rradi ati on of
the recording | aser beamfromthe_sypstrate side.
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difference AS, the thickness of the llght 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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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWSs:

1. An optical information recording medium comprising a light transmitting
substrate having a spiral pregroove formed on its surface, a light absorptive layer of
a colouring matter formed on the substrate directly or with another layer interposed
therebetween, and a light reflective layer made of a metal film formed on the light
absorptive layer directly or with another layer interposed therebetween, wherein AS
is the optical phase difference represented by AS = .2dmb{nm = (1 - d e /de )}/ A
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 pbrtion corresponding to the pregroove, n, 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
absc;rptive layer, and A is the wavelength of a iaser beam and wherein when
0< AS<0.3 recording is conducting in the pregroove and when -0.4sAS <0 recording

is conducted on a land formed adjacent said pregroove.

2. An optical information recording medium according to claim 1, wherein d,ub
2 50 nm. |

3. An optical information recording medium according to claim 1, wherein the
| light absorptive layer is formed on a part of the light transmitting substrate and a
ROM area wherein pits for read-out signals are already formed, is 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 irradiating a recording laser beam from the light
transmitting substrate side to deform a layer on the substrate side of the light
absorptive layer and by forming pits in the pregroove of the optical information

recording medium, and when -0.4<AS<0 recording is conducted by forming pits on
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S. A method according to claim 4, wherein d,;, 250 nm.

- 6. An optical information recording medium comprising a light transmitting
substrate having a pregroove formed on its surface, a light absorptive layer of a

- colouring matter formed on the substrate, and- a light reﬂgctive 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 g;orx;esponding 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 = 2d,,{n,, -
Myps(1 - dape/dgyp)}/ A 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, n, 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 s d,. <350 nm wherein d,, is the thickness of the light absorptive
layer at the portion corresponding to the pregroove and wherein recording is

conducted in the pregroove of the optical information recording medium.

7. An optical information recording me.diuxh comprising a light transmitting
substrate having a pregroove formed on its surface, a light absorptive layer of a
colouring 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 AS = 2d,{n, -
Nyps(1 “Qaps/dgp)}/ A wherein dg, is the depth of the layer boundary on the substrate
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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, n,, 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 s d,; < 350 nm wherein d; is the thickness of the light absorptive
layer at the portion corresponding to the land and wherein recording is conducted

on the land of the optical information recording medium.

8. An optical information recording medium according to claim 6 or 7, wherein
dgy2 40 nm.
9. An optical information recording medium according to claims 6, 7 or 8,

wherein 0.05 < p < 1.6 wherein p = n,, *d, /A wherein d_, is the average thickness

of the light absorptive layer.

10.  An optical information recording medium according to claim 6, 7, 8 or 9,
wherein k,,; < 0.3 wherein k_,, is the imaginary part of the complex refractive index

of the light absorptive layer.

11. A method for 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 side.

13. A method according to claim 11 or claim 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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14.  An optical information recording medium substantially as hereinbefore

described with reference to the drawings and/or the Examples.

15. A method for optically recording information substantially as hereinbefore

described with reference to the drawings and/or the Examples.
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OPTICAL INFORMATION RECORDING MEDIUM AND RECORDING METHOD

ABSTRACT '

An optical information recording medium comprising a
light transmitting substrate having a spiral pregroove
formed on its surface, a light absorptive layer 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
ﬁhase difference represented by AS = 2d_,{n ,, - npe(l -
d,ps/dsyp) }/A wherein 4., is ghe 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
absorpﬁive layer side of the light reflective layer at
the portion corresponding to the pregroove, n,,, 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

complex refractive index of the light absorptive layer,

and A is the wavelength of a laser be
FIG. 1




