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' OPTICAL RECORDING MEDIUM AND

RECORDING AND REPRODUCING METHOD USING THE SAME V//

BACKGROUND OF THE INVENTION

" Field of the Invention
The present invention relatés to an optical recording

medium, in particular, a phase-change optical recording medium
comprising a recording material capable of causing changes in the
phase thereof by the application of a light beam thereto, thereby
recording, reproducing and overwriting information therein; and a
recording and reproducing method using the above-mentioned phase-
change optical recording medium, which is applicable to optical
memory devices, particularly, rewritable compact disc

{hereinafter referred to as CD-rewritable or CD-RW).

Discussion of Background

There is conventionally known a phase-change optical
recording medium which utilizes phase changes between a
crystalline phase and an amorphous phase or between one
crystalline phase and another crystalline phase as one of the
optical recording media which are capable of recording,
reproducing énd erasing.information by the application thereto of
electro-magnetic waves, such as a laser beam. This kind of
phase-change optical recording medium enables the overwriting of
information by the application of a single laser beam thereto,
although it is difficult to perform such overwriting operation,
using magneto-optical memory. An optical system of a drive unit
for the phase-change optical recording medium is simpler in
mechanism than that for the magneto-optical recording medium, so
that research and development of recording media of this kind has
been actively conducted in recent vyears.

As disclosed in U.S. Patent No. 3,530,441, so-called
chalcogen-based alloys, such as Ge-Te, Ge-Te-Sn, Ge-Te-S, Ge-Se-
S, Ge-Se-Sb, Ge-As-Se, In-Te, Se-Te and Se—-As, are conventionally

used as recording materials for the phase-change optical
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proposed in Japanese Laid-Open Patent Applications 61-270190 and
62-19490 for the same purposes as mentioned above. Furthermore,
a recording material comprising a Ge—Te—Se-Sb alloy with a
specific composition, and a recording material comprising an Ge-
Te-Sb alloy with a specific composition are respectively
disclosed in Japanese Laid-Open Patent Applications 62-73438 and
63-228433 for improvement of the recording and erasing repetition
properties of a recording medium comprising each recording
'material.

However, not all the properties required for the phase-
change rewritable optical recording medium are satisfied by the
above-mentioned conventional phase-change optical recording
media. 1In particular, as the most important targets to be
reached, the improvement of recording sensitivity and erasing
sensitivity, the prevention of the reduction of erasing ratio at
overwriting, and the extension of the life of recorded and
unrecorded pdrtions are not yet reached by the above-mentioned
conventional phase-change optical recording media.

In Japanese Laid-Open Patent Application 63-251290, there is
proposed an optical information recording medium which is
provided with a recording layer comprising a single layer of a
compound of a multi-component system composed of substantially
three or more components in a crystalline state. It is asserted
that the single layer of the compound of a multi-component system
composed of substantially three or more components contains a
compound composed of three or more components with a
stoichiometric composition, for example, In,SbTe,, in an amount
of 90 atom% or more in the recording layer. It is furthermore
asserted that recording and erasing characteristics can be

improved by using this kind of recording layer. However, this
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Furthermore, Japanese Laid-Open Patent Application 1-277338
discloses an optical recording medium which comprises a recording
layer comprising an alloy with a compositioh represented by the
formula of (Sb,Te;..);.M,, wherein 0;4 £ acs<0.7 b<0.2, and M is
one element selected from the group consisting of Ag, Al, As, Au,
Bi, Cu, Ga, Ge, In, Pb, Pt, Se, Si, Sn and Zn. In this
reference, it is asserted that a basic system of the above-
mentioned alloy is Sb,Te;, and that the addition of Sb to this
alloy in an excessive amount in terms of atomic percentage makes
it possible to attain high-speed erasing operation and improve
the repetition properties, and that the addition of the element M
can further enhance the high-speed erasing performance. 1In
addition to the above advantages, this reference asserts that an
erasing ratio obtained by the application ‘of DC light is large.
However, this reference does not show any specific erasing ratio
at overwriting operation, and according to the experiments
conducted by the inventors of the present invention, non-erased
portions were observed in the course of the overwriting operation
and the recording sensitivity obtained was insufficient for use
in practice. |

Japanese Laid-Open Patent Application 60-177446 discloses an
optical recording medium which comprises a recording layer
comprising an alloy with a composition represented by formula of
(In, .Sb,), M,, wherein 0.55 < x < 0.80, 0 < y < 0.20, and M is one
element selected from the group consisting of Au, Ag, Cu, Pd, Pt,
Al, si, Ge, Ga, Sn, Te, Se and Bi. 1In addition, Japanese Laid-
Open Patent Application 63-228433 discloses a recording layer of
an optical recording medium, which comprises an ailoy with a
composition of GeTe-Sb,Te;~Sb (excess). The recording
sensitivity and erasability required for the recording medium
cannot be satisfied by any of the above-mentioned conventional
optical recording media.

In addition, Japanese Laid-Open Patent Application 4-163839
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above e based alloy to inprgve the stability of the recording
mat er i i ncrease the crystallization rate thereof as disclosed
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.These conventional optical recording media do not have
sufficient characteristics for use in practice, in particular,
with respect to the improvement of recording sensitivity and
erasing sensitivity, the prevention of the reduction of erasing
ratio at overwriting, and the extension of the life of recorded
and unrecorded portions.

With the rapid spread of compact discs (CD), write-once
compact discs (CD-R) capable of writing data therein only once
have been developed and placed on the market. In the case of the
write-once compact discs (CD-R), however, once erroneous data is
written in the CD-R, the written data cannot be corrected, so
that it cannot help discarding the CD-R. Under such
circumstances, there has been a demand for a rewritable compact
disc that can be used in practice.

As one example of the above-mentioned rewritable compact
discs, a magneto-optical recording medium has been deﬁeloped, but
has the shortcomings that overwriting operation is difficult to
perform, and that the compatibility with CD-ROM or CD-R is poor.-
Under such circumstances, researches have been actively made for
development of a practically usable phase-change optical
recording disc which can ensure, in principle, the compatibility
with the CD-ROM or CD-R.

' Research and development activities for such a rewritable
compact disc, using the phase-change optical recording medium,
are reported, for example, in the following references:
"Proceedings of the 4th Symposium on Phase-Change Recording" p.70
(1992), Euruya et al.; "Proceedings of the 4th Symposium on
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It is fHOWeSeror &hes sotemsd. I mrﬁcenmnmg:ﬁnmeerwn@table compact discs
reported in these references is satisfactory, for instance, in
view of the drawbacks with respect to the compatibilities with-
CD-ROM and CD-R, recording and erasing performance, recording
sensitivity, permissible repetition number of overwriting
operations, permissible repetition number of reproducing
operations, and shelf stability. These drawbacks are mainly
ascribed to low erasability caused by the composition and
structure of a recording material employed in each compact dise.

Under such present circumstances, there is increasingly
demanded for development of a phase-change recording material
with high erasability and high recording and erasing
sensitivities, and also for development of a phase-change
rewritable compact disc with excellent overall performance.

To meet this demand, the inventors of the present invention
have discovered and proposed Ag-In-Sb-Te based recording
materials, fer example, as disclosed in Japanese Laid-Open Patent
Applications 4-78031 and 4-123551; Jpn. J. Appl. Phys. 31 (1992)
461, H. Iwasaki et al.; "Proceedings of the 3rd Symposium on
Phase-Change Recqrding" p.102 (1991), Ide et al.; and Jpn. J.
Appl. Phys. 32 (1993) 5241, H. Iwasaki et al.

In October of 1996, “Compact Disc Rewritable PART III: CD-RW
Version 1.0”, which is generally called “Orange Book”, was issued
as the standards for the rewritable compact disc (CD-RW).

Furthermore, special attention has been paid to a digital
video disc (DVD) and a DVD-RAM as the major optical recording
media for the coming century. As a matter of course, the
aforementioned rewritable compact disc is required to have
reproduction compatibility with the DVD. However, recording

signals of the conventlonal CD-RW do not exhibit any sufficient
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with a iCOraie SRomdss dift &d ygpunasiction wavelength of the DVD, so
that the conventional CD-RW do not have sufficient signal

characteristics for use in practice.

The above-mentioned standard book “Compact Disc Rewritable
PART III: CD-RW Version 1.0” describes the standards for the
rewritable compact disc for 2x nominal CD speed (2.4 to 2.8 m/s).
However, a long recording time is required at such a low linear
speed, so that a demand for a rewritable compact disc capable of
performing high speed recording has been increased. '

In accordance with the development of the CD-RW, drive’
systems for the CD-RW have also been actively developed, and
matching tests between the CD-RW and the drive systems therefor
have been made. The results of such matching tests indicate that
in some drive systems, errors increasingly occur at the
reproduction at 6x nominal CD speed or more (7.2 m/s or more), SO
that it has been confirmed that such high linear speed
reproduction is difficult to perform by such drive systems.
Furthermore, it is confirmed that in some drive systems, an
optimum recording light power for the CD-RW cannot be determined
by an "Optimum Power Control procedure" (hereinafter referred to
as OPC procedure) which is defined in the aforementioned “Compact
Disc Rewritable PART III: CD-RW Version 1.0”.

The phase-change optical recording medium such as the CD~RW
is initialized in the course of the manufacturing thereof, with a
recording layer of the recording medium being crystallized, using
an initializing apparatus. The initialized state of the
recording layer has a significantly sensitive effect on the
overwriting performance of the recording medium. The initialized
state also significantly depends upon the initializihg apparatus
employed. In order to control the initialized state of each
recording medidm, it is necessary that the initializing apparatus
be traced and identified with each recording medium. However, a
system for performing such trace control has not yet been
developed.

CD-RW is handled with the hand, so that dirt such as oil and
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of the substrate of the CD-RW is scratched, and there is a risk

that recording and reproduction cannot be performed any longer
due to the scratches formed on the surface of the substrate. To
avoid such a problem, it is proposed to provide a hard coat layer
such as an ultraviolet-curing resin layer on a non-grooved
surface of the substrate, that is, a mirror surface of the
substrate. Such a UV-curing resin layer has already been used in
the magneto-optical recording disc. However, the coating of the
UV-curing resin needs an extremely delicate coating technique,
starting from a predetermined position in an extremely narrow
area from a molding mark formed on the substrate by injection
nolding to an innermost groove edge on the substrate. Such
delicate coating technique has not ever been applied to the
fabrication of a commercially available phase-change optical
recording medium. This is because uneven coating of the hard
coat layer, no matter how the unevenness is slight, inevitably
causes improéer initialization of the recording medium.

Generally, the innermost groove edge is concentrically
located at a distance of 22 mm from the center of the disc in the
optical recording disc such as CD-RW, while in the magneto-
optical recording disc, the innermost groove edge is located at a
distance of 25 mm or more from the center thereof, so that the
innermost groove edge of the optical recording disc is closer by
2 mm or more to the injection molding mark of the substrate than
the innermost groove edge of the magneto-optical recording disc.
Therefore, in the case of the phase-change optical recording
disc, it is extremely difficult to provide the UV-curing resin
layer on the substrate thereof with stable reproducibility.

A phase-change optical disc comprising an Ag-In-Sb-Te based

recording laYer is conventionally known to exhibit excellent
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Accordingly, a first object of the present invention is to

provide a phase-change optical recording medium free from the
above-mentioned conventional drawbacks, which can be eésily
handled, and exhibit complete reproduction compatibilit§ with the
DVD, and excellent overall characteristics in a linear speed
range of 1.2 to 5.6 m/s.

A second object of the present invention is to provide a
phase-change optical recording medium which is capable of
performing high speed reproduction with complete reproduction
‘compatibility with the DVD.

A third object of the present invention is to provide a
phase-change optical recording medium which does not perform
erroneous operation even when an optimum recording power for the
medium cannot be found.

. A fourth object of the present invention is to provide a
phase-change optical recording medium with an accurate optimum
recording power, a minimum variation in the reflectivity caused
by overwriting, stable tracking by a pickup device, complete
reproduction compatibility with the DVD, and excellent overall
characteristics in a linear speed range of 1.2 to 5.6 m/s.

A fifth object of the present invention is to provide a
phase-change optical recording medium with excellent traceability
of an initializing apparatus used to initialize the recording
medium in order to facilitate the control of the initialization.

A sixth object of the present invention is to provide a
phase-change optical recording medium with excellent traceability
of an initializing apparatus used to initialize the recording
medium in order to facilitate the control of the initialization,
without the necessity for a large scale modification of the

1n1t1allzlng apparatus and additional cost in the course of the
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A seventh object of the present invention is to provide a

phase-change optical recording medium with a hard coat layer
which can be stably manufactured with an improved yield, which is
resistant to scratches, and with complete reproduction
compatibility with the DVD, and excellent overall characteristics
in a linear speed range of 1.2 to 5.6 m/s.

An eighth object of the present invention is to provide a
phase-change optical recording medium which can be used in both a
2X nominal CD speed mode and a 4x nominal CD speed mode.

A ninth object of the present invention is to provide a
phase-change optical recording medium capable of high speed
reproduction.

The first object of the present invention can be achieved by
an optical recording medium capable of recording and erasing
information, comprising:

a substrate, a first dielectric layer, a recording layer, a
second dielectric layer, a light reflection and heat dissipation
layer, and an overcoat layer, the first dielectric layer, the
recording layer, the second dielectric layer, the light
reflection aﬁd heat dissipation layer, and the overcoat layer
being successively overlaid on the substrate, the recording layer
(1) comprising a phase-change recording material which comprises
as constituent elements Ag, In, Sb, Te, and N and/or O with the_
respective atomic % thereof being «, B, v, 3 and & (the total

atomic % of N and/or 0), which are in the relationship of:

0 < o< 6,
3 < B <15, This Sheet Has Been Replaced
50 £ vy £ 65, l

20 £ & g 35,

0 < £ £ 5, provided that a + B + v + & + ¢ = 100, and (2)

having a recrystallization upper-limit linear speed in a range of
2.5 to 5.0 m/s.

The second object of the present invention can be achieved
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substrate bears an Absolute Time in Pre-groove data (ATIP data)

including a predetermined optimum recording power for the o
recording medium. '

The fourth object of the present invention can be achi

ptical

eved

by the above-mentioned optical recording medium in which the

recording layer has a groove reflectance of 95% or more of

saturated groove reflectance thereof when the phase-change

a

recording material is crystallized for initialization of the

recording medium.
The fifth object of the present invention can be achie
the above-mentioned optical recording medium in which the

recording layer carries thereon an identification informati

ved by

on for

identifying an initializing apparatus used to initialize the

recording medium, using an initialization light having a
predetermined initializing power.
The sixth object of the present invention can be achie

the above-mentioned optical recording medium in which the

ved by

identification information is written in the form of a mark on a

'noh—grooved surface of'the substrate, using a light beam which is

obtained by modulating the initializing power of the

initialization light.

The seventh object of the present invention can be achieved

by the above-mentioned optical recording medium which further

comprises a hard coat layer which is provided on a non-groo
surface of the substrate, opposite to the first dielectric
with respect to the substrate.

In the above-mentioned optical recording medium, it is
preferable that the hard coat layer have a thickness of 2 t

and a pencil hardness of H or more.
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The eighth object of the present invention can be achieved
by a method of recording information in a phase-change optical
recording medium capable of recording information at a linear
speed in a fange of 2.4 to 5.6 m/s, and erasing recorded
information therefrom, and aé the phase-change optical recording
medium, the above-mentioned optical recording medium of ‘the
present invention can be employed.

The ninth object of the present invention can be achieved by
a method of reproducing information recorded in a phase-bhange
optical recording medium capable of reproducing recorded
information therefrom by controlling a reprdduction light power
of a reproduction light for reproducing recorded information in
accordépce with a reproduction linear speed, and as the phase-
chaﬁge optical recording medium, the above-mentioned optical

recording medium of the present invention can be.employed.

BRIEF DESCRIPTION OF THE DRAWINGS

A more gomplete appreciation of the invention and many of
the attendant advantages thereof will be readily obtained as the
same becomes better understood by reference to the following
detailed description when considered in connection with the
accompanying drawings, wherein:

Fig. 1 is a schematic cross-sectional view of an example of
a phase-change optical recording medium of the present invention.

Fig. 2 is a graph showing the relationship between the
atomic % of Te in a phase-change recording material of a
quaternary system of Ag-In-Sb-Te in a recording layer and an
optimal recording linear speed of a phase-change optical disc
recording medium comprising the recording layer.

Fig. 3 is a strategy for 2x. nominal CD speed in conformity
to the “Compact Disc Rewritable PART III: CD-RW Version 1.0”.

Fig. 4 is a graph which shows the relationship between the
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P.76.(1992), Jinno et al.; "Proceedings of the 4th Synpo§hmﬁw¢ﬁhs&%nhmhwd

Phasé- Change Recording" p.82 (1992), Kawanishi et al.;
32 (1993) p.5226, T. Handa et al.; "Procegdings of the 5t
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However, the overall performance of the réwitabl e conpact di'scs reported
in theseecerdmgca\ednszmsatfu §hacpa;|e§sentf dnvenstgncend n%\ﬁ apfdeqtpace of
drawbacks with res conpatibilities with CO-ROM and CD R,
recordiﬁggﬁﬁavgrgggﬁ 8e$P8F§85 recording sensitivity, permssible
repetition ngiger SOEsonersmemamgcorfebati iew PE @ phialslec cheprid toparigainber
of reproducing operations, and shelf stability. These drawbacks are mainly
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Fig. 6A is a graph showing the relationship between a light
power for initializing a recording medium and a groove
reflectance thereof.

Fig. 6B is a graph showing the relationship between a moving
speed of a light-application means over a recording medium during
an initializing step and a groove reflectance thereof.

Fig. 6C is a graph showing the relationship between a linear
speed of a recording medium during the initializing step and the
groove reflectance thereof.

Fig. 7 is a schematic front view of a phase-change optical -
recording medium of the present invention in explanation of a
mark for identifying an initializing apparatus employed at the
initializing step. ‘

Figs. 8A and 8B are graphs which respectively show a writing
strategy for 2x nominal CD speed and that for 4x nominal CD
speed. |

Fig. 9 is a graph showing the relationship between the
linear speed of a phase-change optical recording disc at the
application of a light beam thereto and the groove reflectance

thereof after the application of the light beam.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

The optical recording medium of the present invention
comprises a substrate on which a first dielectric layer, a
recording layer, a second dielectric layer, a light reflection
and heat dissipation layer, and an overcoat layer are
successively overlaid, with the recording layer (1) comprising a
phase-change recording material which comprises as constituent
elements Ag, In, Sb, Te, and nitrogen atom and/or oxygen atom

with the respective atomic % thereof being «, B, v, & and £ (the
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for developnent of a phase-change recording material with high erasability
and high recording and erasing sensitivities, and also for devel opnent of a
phase- change rewitabl e conpact disc mﬁtg excel | ent overal |l performance.
To neet this demand, the inventors of th 3pFesent i nvention have di scovered
and pro ose materials, for exal

S d di
di scl osBath 338%832 BE, BB B tERBER: ol posy P e drre st oy At

Jpn J. afBPin PR¥Sre3ht(dB3REip46%: H Iwasaki et al.; "Proceedlngs of the

d Synposi um on Phase- Change Recordlng" p. 102 (19911L__dﬁ_eLﬂaL———aﬁd—Jpn.
J. Appl . Phy8. <32 €1493) 5241, H. Ilwasaki et al. In Cctober of 1996
" Conpact Dlsg Re |t§lgle PART I11: CD-RW Version 1. ﬁ'h;sShdauHahBees ??é‘?al
call ed "Orange *B oK" Wwas i ssued as the standards for
conpact di sc50Ck- RVk. 65, Furt hernore, speci al atten pald to
a digital video di_sc SDVD) and a DVD-RAM as the najor |ca recordlng
medi a for 20 < & < 35,

0 <€ <5, provided that « + B + v + & + ¢ = 100, and (2)
having a recrystallization upper-limit linear speed in a range of
2.5 to 5.0 m/s. '

The above-mentioned "recrystallization upper-limit;linear
speed"“of the recording layer of the optical recording medium of
the present invention means an upper limit linear speed of a
light beam which scans the recording layer at which the recording
layer can be recrystallized after being fused with the
application of the light beam thereto, and then cooled and
recrystallized.

In the above, as the light beam is used a semiconductor
laser beam which is similar to that of a semiconductor laser
mounted in a writer for the recording medium. '

The above-mentioned "recrystallization upper-limit linear
speed" of the recording layer of the optical recording medium is
a novel value for characterizing the recording medium, which was
discovered by the inventors of the present invention.

The "recrystallization upper-limit linear speed"” of the
recording layer can be determined from the dependency of the
reflectance of a groove portion or a land portion of the
recording layer of the optical recording medium on the linear
speed of the recording medium under the exposure to the light
beam, or upon the linear speed of the light beam which scans the
recording layer.

Fig. 9 is a graph which shows the relationship between (a)
the linear speed of a phase-change optical recording disc in the
course of scanning of a light beam over a recording layer of the

. phase-change optical recording disc and (b) the reflectance of a
groove of the recording disc irradiated with the light beam. As

shown in Fig. 9, in the course of increasing the linear speed of
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the comi ng ce_ntur'y. As a matter of course, _then‘msﬂﬁ mﬂﬁ\ﬁﬁri‘ewi tabl e
conpact disc is required to have reproduction L
-6- conpatibility with the DVD. However , ,f ecor I t he
conventional CD-RWdo not exhibit any_su##icient refl ectance and nodul ation
Ceoree SR gBRRML T A IR Bl SSRGS Lok AR o
suffici erigisisgnal sthiteadiyerdrip Gt faorcarsmiim Jpireeds (speed. THies linear
Vor 51 on SPasd diss AR 5 S HTE TR SRS R AL L 2at fon Upper-
limit linear speed" of the recording layer. 1In Fig. 9, the
"recrystallization upper-limit linear speed" of the recording
layer is 3.5 m/s.

Even though the wavelength of the light beam scanning the
recording medium is the same, the "recrystallization upper-limit
linear speed" of the recording layer slightly varies depending on
the power and the diameter of the light beam employed. ~For
instance, when a laser beam with a wavelength of 780 nm is
applied, using a pickup tube with a numerical aperture (NA) of
0.5, to a phase—change optical reéording disc, a maximum
variation of the "recrystallization upper-limit linear speed” of
the recording layer is about #0.5 m/s.

The performance of the phase-change optical recording medium
depends upon the "recrystallization upper-limit linear speed" of
the recording layer.

When the "recrystallization upper-limit linear speed" of the
‘recording layer is less than 2.5 m/s, the phase-change opticgl-
recording medium is not suitable for use in pfactice, since the
recrystallizgtion of the recording layer cannot be carried out at
high linear speed, so that too much time is required to
initialize the recording medium. Furthermore, when recording is
performed in such recording medium at 4x nominal CD speed, the

~erasing operation cannbt be perfectly carried out. On the other
hand, when the "recrystallization upper-limit linear speed" of
the recording layer exceeds 5.0 m/s, the recordihg layer cannot
assume a complete amorphous state when information is written
therein. Thus, satisfactory signal properties cannot be
obtained.

To control the "recrystallization upper-limit linear speed”
of the recording layer as specified in the present invention, it
is preferable that the phase-change optical recording medium be
produced in such a manner that the temperature of the substrate

is set at 80°C or less when the first dielectric layer, the
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conmpaet dissc for 2x nom nal CD speed (2.4 to 2.8 n's). Fbmﬁ%ﬁ&xH%fgganh
recording time is required at such a low |inear speed, so
a rewitable conpact disc capable of perfiogymng high speed

ve

been i ncreased. I n accordance with the developnent of
SYSL e o dinErMhanel fcdigeupstdael i dey e afly tch' ng tests
bet ween the CD and the drive systens t eretor ave een e. The

resul t s Tfkerhiomiand hpatestisssipittion ldyper mmdsdrtee cbvevrecsz’etbagerearsr;
r 6X_ nomi eed o
|mngr g?s Irrgl}?ée%/ sosgl%lrgto‘%}e%%l?bog{ejﬁ% #hk?%% hat s Jhs h‘?ﬁ‘ﬁeﬁf i ne@i:l Egé
r epr oductémpeistulid fd £ uitte tsml:rm:fﬁalrén dWCc S wt:"lcy,e t&wt&rgal ef@:{i@ﬁ{éﬁ@é it
d t an optimum recordi ng |ight power
(o Cohe SRR (e Gre St VA YRR 1% BAE K LA YRARY LR Lo Bhbchdur ¢
(herei naddigfsd S erfchdto 3 PRy O ey ihih d%ﬁ%ﬁ n'e]geéfl%éggbll—

af orement i oned " Conpact Disc Rewritabl e PART T11: ersio
The phas@tdihgrrptiliait ddovanmenmsii'lim S e aseczdrm:lﬁ[g R yericahhati Bed

in the %{{asﬁﬂeoé tcﬂe 1@%@&%e% c['.l.gff.t cet.{letOftoV% dathe linear speed at
which the groove reflectance suddenly drops as illustrated in
Fig. 9.

Farthermore, the film-forming speed for the recording layer
affects the "recrystallization upper-limit linear speed" of the
recording layer, although its mechanism is unknown. As the film-
forming speed for the recording layer is decreased, the
"recrystallization upper-limit linear speed" of the recording
layer is decreased. 1In order to obtain the desired
"recrystallization upper-limit linear speed" of the recording
layer, it is preferable that the film-forming speed for the
recording layer be adjusted to 2 to 30 nm/s. When the film-
forming speed for the recording layer is less than 2 nm/s, the
"recrystallization upper-limit linear speed" of the recording
layer is decreased to less than 2 m/s, while when the film-
forming speed for the recording layer is more than 30 nm/s, the
"recrystallization upper-limit linear speed" of the recording
layer exceeds 5 m/s.

When the recording layer is not sufficientiy heated to a
temperature higher than the melting point thereof by the
application of a light beam thereto, or when the
recrystéllization takes place too quickly after the recording
layer is fused, there is a case where it is difficult to find the
linear speed at which the groove reflectance suddenly drops as
shown in Fig. 9 although the composition of the recording layer
is the same as that specified in the present invention.

Fig. 1 shows a schematic cross-sectional view of an example of
the phase-change optical recording medium according to the

present invention. On a substrate 1 with guide grooves la, there
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recording:layer of the recording medi um bei ngTiEy Shedt Bihd Be&iibplabbdi NG an

|n|t|aI|Z|ng apparatus. The initialized state g | ayer has a
significantly sensitive effect on the ov;ré;vr Emlmw (rmm of the
recordi ng medium The |n|t|aI|zed state 0 si pends upon the
of cach A5 SRS T L oY1 S e iy ATRESTHELT rhATeF | 21 1y HPPAFatas.
be tracadywid 3, dentdddst Vélifé”ﬂ.éi%:ﬂcf eyt ng, nedi 1Rt f@f‘@é!@floﬁ‘ sagtgaxtor
P?E for mdr;.gssslliacarl:J:[ornacleayceorntSr,olaﬁgsar{]oc;[vgregogteelnageegeé OpeE‘urther, as shown

in Fig. 1, a printing layer 7 may be overlaid on the overcoat

layer 6, and é hard coat layer 8 may also be provided on a non-

grooved side of the substrate 1, opposite to the firét dielectric

layer 2 with respect to the substrate 1.

In the phase-change optical recording medium of the present
invention, as the material for the substrate 1, glass, ceramic
materials and resins can be used. In particular, the resin
substrate is advantageous over other substrates from the
viewpoints of manufacturing cost and molding facility.

Examples of the resin serving as the material for the
substrate 1 include polycarbonate resin, acrylic resin, epoxy
resin, polystyrene resin, acrylonitrile - styrene copolymer
resin, polypropylene resin, silicone resin, fluoroplastics, ABS
resin and urethane resin. Of these resins, polycarbonate resin
and acrylic resin are preferably employed for the substrate 1
because of their easy processing properties, optical properties
and the manufacturing cost. The substrate 1 may be prepared in
the form of a disc, card or sheet. |

When the phase-change optical: recording medium of the
present invention is applied to a rewritable compact disc (CD-
RW), it is desirable that the substrate 1 have a guide groove
with a width of 0.25 to 0.65 um, preferably 0.30 to 0.55 um, and
a depth of 250 to 650 A, preferably 300 to 550 A. '

There is no particular restriction to the thickness of the
substrate 1, but it is preferable that the substrate have a
thickness in the range of 1.2 mm or 0.6 mm.

As the phase-change recording material for the recording
layer 3, a material of a quaternary system of Ag-In-Sb-Te is
preferable, whereby the optical recording medium of the present
invention is caused to exhibit high recording sensitivity and
speed, that is, excellent phase change performance from a
crystalline phase to an amorphous phase; high erasing sensitivity

and speed, that is, excellent phase change performance from an
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is ﬁhﬁ@k@dh&BWHRﬂﬁﬁﬂhand so that dirt such as oil and dust may be
dep05|ted d back surfaces of the disc. |If this takes place,
a cloth mn sed to wipe thesufaces of the disc. However
since a stan ar strate of the disc is made of pol ycarbonate, if the

sur f aceafbrShichs apmw% b@ﬂ@ws@éapﬁﬁ@t ha§evv' pRd ﬁ?gﬁeg?XgaBEQPM?'.rt
therefromwth a cloth, the surface of he substrate of the S

scr at ched, anﬁh$h%gelmssbfTesqu@hern¢EEO$ﬂ$hgmahdSreprgnncmumnreanwdﬂnbe

per for t cr. h u C
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| ayer ssightems. anT]méreacvr@J eItCﬂSlmgcéesaﬂy|acye&ppﬂoprlnéﬂegyoamgdssuIthéCe of
the substrate, that is,. a mrror surface of the substrate. Such a

UV- cur i AOPREH hiPRyRF Hhe QURESFRAPKefYSEeM PR R¥e FAgnePo2BEt TEaln
recor di §8:8t&8ncEONBYRTa 4881 £0ATLBGRHIRGC1 et 5Pgehe8hA B8RS ired

linear speed range. It has been confirmed that in a recording
medium with an Ag-In-Sb-Te recording layer, the composition ratio
of Te in the recording layer is mutually related to the optimum
recording linear.speed of the recording medium.

Fig. 2 is a graph showing the relationship between the
atomic % of Te in a phase-change_recording material of a
quaternary system of Ag-In-Sb-Te in a recording layer and the
optimal recording linear speed of a phase-change optical disc
recording medium comprising the recording layer.

The phase-change optical disc recording medium has a similar
layered structure to that shown in Fig. 1, provided that the
printing layer 7 is not provided, namely, comprising a hard coat
layer 8 having a thickness in a range of 3 to 5 um, a substrate 1
having a thickness of 1.2 mm, a first dielectric layer 2 having a
thickness of 100 nm, a Ag-In-Sb-Te recording layer 2 having a
thickness of 25 nm, a second dielectric layer 4 having a
thickness of-30 nm, a light reflection aﬁa heat dissipation layer
5 composed of a metal or an alloy having a thickness of 140 nm,
and'an overcoat layer 6 composed of a UV cured resin having a
thickness of 8 to 10 um. _

The recording was carried out by applying a light beam with
a wavelength (A) of 780 nm to the recording medium, with the
numerical aperture value (NA) of a pickup tube being set at 0.5,
with an Eight to Fourteen Modulation (EFM) system, and the
recording pulse was determined, as shown in Fig. 3, in accordance
with the strategy as specified in the “Compact Disc Rewritable
PART III”. The recording light power, the erase light power, and
the bias power were respectively set at 12 mW, 6 mW and 1 mW.

The optimal recording linear speed is defined as a linear speed

at which a maximum permissible repetition number of overwriting
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an extrenely delicate coating technique, starting froma predetermned

position in an extrenely narrow area froma nol di ng nmels shQl iR R, tcheed

_ substrate by injection nolding to an i nnernost groove %th
substrate. Such delicate coating techan]d% has not everﬂ%mm ﬂH"lto t he
fabrication of a comrercially, avail abl e phase-change op I g

nmedi um oagFatienpecansheuablehnedoati ng of the hard coat |ayer, no matter

how the unevegnersyhSidl LBt qrhBBViIhabhy CaYSEAckEPEQPa! nigh! kaki-edbicaBnof
t he recordi ng medr um %bn rally, The Innernost groovée edge is
concentbévaddy tbeavptimalardcsrdhng binearmapeednpfhéheemesprdfinghe di sc

in the optical recording disc,such_as,CD- LlLe_i.n the net.q- opt.i cal
recor di ﬂ%%c?nshEﬂ?nﬁg?HBE%tb?8068§é8g8§¥%er385936°aﬁ 8f§?§ a%geggF 25 mm
or nor eAgiIﬁmSlbh?eC._?QéﬁfdiH?r eglerse whah hheokfificeiest groeveredaeioh the
optical recording disc is closer by 2 mmor_nore to the injection_ nolding

mar k of (RHe o513 lat 3 t HErER HEne AR W steFibloy eardgan opxp@eimental error

of +1 atom.$% taken into consideration in view of the graph in
Fig. 2, it is considered that the atomic_% of Te in the
composition of the recording material is 35 atom.% or less, no
matter how slow the recording linear speed is, that is,:at 0 m/s.
Furthefmore, in order to obtain a phase-change optical recording
disc which can cope with a linear speed of 1lx, 2x, 4x and 8x
nominal CD speed, the preferable atomic % of Te in the

composition of the recording material is considered to be as

follows:
TABLE 1
Desired Linear Speed Preferable
Amount of Te
(atom.%)
1x nominal CD speed (1.2 to 1.4 m/s) ) about 33
2x nominal CD speed (2.4 to 2.8 m/s) about 30
4x nominal CD speed (4.8 to 5.6 m/s) about 27
8x nominal CD speed (9.6 to 11.2 m/s) about 20

In the Ag-In-Sb-Te based recording layer, the composition
ratio of each element affects the preservation reliability of the
obtained recording medium. N

To be more specific, when the atomic % of the element Ag in
the composition of the recording material exceeds 6 atom.%, the
deterioration of the overwriting shelf properties becomes
noticeable. Namely, sufficient signal recording cannot be
performed in several years after the production of the recording

medium.
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magnet o-opti cal recording disc. Therefore, in the g%ﬁeeg&ash@&gaﬁl@s@ change
optical recording disc, it is extrenely difficult t UV-curlng
resin layer on the substrate thereof w.hgtable reﬁmmm m!m
phase- change optical disc conprising an Ag | n- Sb-Te
-8- recordinghdRVele | LAY BN NN Yo KA T fn ExXEDEdseXSehEBAL S, the
archival life is reduced, whereas when the atomic % thereof is
- less than 3 atom.%, the recording sensitivity is decreased.

With respect to the element Sb, the greater the atomic %
thereof, the better the repetition performance of the overwriting
operation. However, when the atomic % of the eleﬁent Sb exceeds
65 atom.%, the archival life is decreased.

In order to prevent the reduction of the archival life, the
addition of nitrogen and/or oxygen atom to the composition of the
phase-change recording layer is very effective. By the-addition
of N and/or O to the éomposition of the recording layer, an
amorphous mark can be stabilized. The mechanism of the above-
mentioned improvement in such disc characteristics caused by the
addition of a proper amount of nitrogen and/or oxygen to the
composition of the recording layer has not yet been clarified,
but it is considered that when a proper amount of nitrogen and/or
oxygen is contained in the recording layer, the density of a
recording layer is.decreased and minute voids are increased in
the recording layer, whereby the randomness of the recording
layer is increased in terms of the configuration. As a result,
the degree of order in the recording layer is moderated in
comparison with the case where nitrogen and/or oxygen atom is not
contained in‘the recording layer. Therefore, the transition from
the amorphous phase to the crystalline phase can be restrained,
so that the stability of the amorphous mark is increased and the
shelf life of the amorphous mark is improved.

When nitrogen and/or oxygen is contained in the recordlng
.layer, it is conspicuously shown by an IR spectrum thereof that
nitrogeh and/or oxygen is bonded to Te and/or Sb in the
composition of the recording layer.

According to the present invention, the total atomic % of N
and/or O in the composition of the recording layer is 5 atom.% or
less. When the total atomic % thereof exceeds 5 atom.%, the
nitrogention of the recording layer excessively proceeds, so that
the crystallization of the recording layer becomes difficult. As

a result, the recording layer cannot be sufficiently initialized,
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recor.di ng: performance. However, a phase-change optical recording disc which

can securely ensure the conpatibility with the CD-R ang sgafd.s Y. he
above-nentioned overal |l perfornance requiggd for the re q
di sc has not yet been provided.

to

| NVENTI Qg ene ASCOLE 110l ¥y 25 fLLatcOb] ect of the presert

provi de a phase-change op recording nmediumfree fromthe

above-nenticwﬁhbcthBmgémnamddmawbaygsp qmmcbgcﬂmtb@deeedlynbandhed, and

overal | THaG ;YL Y PafRiBihe eibidafherar 409/ SEVeSh Gaswitny

second oD @Siceit i eSEMor&VERARO0 +& 10 MEPYEdEnathe atmosphere.of
argon when the recording layer is formed by sputtering. By use
of a mixed gas of N and/or O gas and argon gas in the course of
the sputtering, N and/or O can be effectively introduced into the
recording layer. The mixed gas for use in the sputtering step
may be prepared by mixing the'nitrogen and/or oxygen gas and the
argon gas in a predetermined mixing ratio before the mixed gas is
introduced into a sputter chamber. Alternatively, the argon gas
and the nitrogen and/or oxygen gas are introduced into the
sputter chamber with the respective flow rates being controlled
sO as to obtain a desired molar ratio.

Furthermore, one of the advantages obtained by the
introduction of nitrogen and/or oxygen into the recording layer
is that the recrystallization speed or rate of the recording
layer can be retarded, whereby an optimum recrystallization speed
‘of the recording layer can be controlled. 1In other words, the
optimum recording linear speed of the phase-change optical
recording disc can be controlled simply by adjusting the mixing
ratio of nit;ogen and/or oXygen gas/argon gas in the sputtering
atmosphere for the formation of the recording layer by
sputtering, even if the same target is used.

It is desirable that N and/or O be chemically bonded to at
least one element of Ag, In, Sb or Te in the recording layer. 1In
particular, when N and/or O is bonded to Te, for example, with
the formation of a Te-N bond, a Te-O bond or a Sb-Te-N bond, the
pPermissible repetition number of overwriting operations can be
more effectively increased than the case where N and/or O is
chemically bohded to any of the other elements. Such chemical
bonding in the recording layer can be effectively analyzed by
spectroscopic analysis such as Fourier transform infrared
spectroscopic analysis (FT-IR) or X-ray photoelectron
spectroscope (XPS). For instance, according to the FT-IR

analysis, the Te-N bond exhibits peaks near 500 to 600 cm™; and
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phase-change optical recording medi um which is capable of perfoemi) Bi eplaced
speed reproduction with conplete reproduction conpatibility wyt
A third object _ of the_ present i nvention by to provide a phase-ﬁﬁ“’ﬁ ",
optical recordi ng medi um whi ch does not perform erroneous op

when an toR! iSHHMe~RC Bodid @ PAMt  YedKte HBd %@W%S@G‘%ﬁ-ﬁ’?f‘d- A
fourth object of the present invention is to provide a phase-change optical
recor di ng medPurBh ﬂ#’eéﬁ_né_cf@ﬁ’@t@m& r’ﬁhﬂvrra\;!ﬁv_rriﬂmgg d@{mﬁ eﬁ?[linaucﬁk?rhm bth:

v o) Rl SBRAICNC  RSA P  BHRIS) W SLAD SR D

excel | estl e;eantsl landc Hapactidriiest ifiosr ifurahamedaprapascitange e 1.2 to 5.6

n's. performance and the reliability thereof. For instance, such
elements as B, N, C, P and Si, disclosed in Japanese Patent
Application 4-1488, and other elements such as O, S, Se, Al, Ti,
V, Mn, Fe, Co, Ni, Cr, Cu, Zn, Ga, Sn, Pd, Pt and Au may be
contained as preferable elements or impurities in the recording
layer.

In the present invention, the composition of the recording
layer for use in the phase-change optical recording medium is
analyzed, using the emission spectroscopic analysis. Not only
the emission spectroséopic analysis, but also X-ray
microanalysis, Rutherford back scattering, Auger electron
spectro-scopic analysis, and X-ray fluorescence analysis can be
employed to analyze the composition of the reéording layer. 1In
such a case, however, it is necessary to compare the analyzed
composition with the composition analyzed by the emission
spectroécopic analysis. Generally, it is considered that there
is an analytic error of *#5% when the composition is measured by
the emission spectroscopic analysis. In addition to the above,
mass spectrometric analysis, such as sécondary ion mass
spectrometric analysis is one of the effective methods of
analyzing the composition of the recording layer.

The X-ray diffraction or electron diffraction is appropriate
for analyzing the state of the material in the recording layer.
Namely, when a spot pattern or a Debye-Scherrer ring pattern is
observed in the recording layer by the electron diffraction, the
material in the recording layer is considered be in a crystalline
state, while when a ring pattern or a halo pattern is observed
therein, the material in the recording layer is considered to be
in an amorphous state.

The particle size of the crystallites in the recording layer
can be determined, for instance, using the Scherrer equation,
from a half width of a X-ray diffraction analysis peak.
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A fi f.t FThisBhestifas BeenReplacet esent i nvention is to provide a phase- change

opti cal q umwi th excellent traceability of an initializing
apparatu ialize the recorQiQ% mediumin order to facilitate
the control of the initialization. si xth obj ect of éhe preSﬁnt

I nvention is LQVi ase-Gh e Lcal .recardin I um . w.t

excel lent t rﬁél%gaei i %&rgft%%n%ﬁﬁﬁﬁg%i ?%ﬁéehaepﬁzglreg% Lfs?qus}f’g)é{%%ﬁlqunsitta}téﬂ iozfe t he
recordi themrmditemials in the recording layer, for example,9-for rtha der to

il I the i_nitial.ization, w.thout )
faC|||t%5315g?scg%t%%e %%emgcal onding state of the materials such as

oxides or nitrides in the recording layer, analytical methods
such as FT-IR and XPS are effective.

It is preferable that the thickness of the recording layer
be in the range of 10 to 100 nm, more preferably in the range of
15 to 50 nm. When the thickness of the recording layer is less
than 10 nm, the light absorbing.performance of thé recording
layer tends to be decreased, while when the thickness is more
than 100 nm, there is a tendency that uniform phase change is
difficult to be carried out at high speed in the recording layer.

‘Furthermore, when initial properties such as jitter value,
overwriting properties and mass production efficiency are taken
ihto consideration, it is preferable that the thickness of the
recording layer be in the range of 15 to 35 nm.

The above-mentioned recording layer can be formed by vacuum
deposition, sputtering, plasma chemical vapor deposition,
photochemical vapor deposition, ion plating or electron beam
deposition method.. Of these methods, the sputtering method is
the most advantageous over other methods in terms of productivity
and the film'quality.of the recording layer obtained.

The first and second dielectric layers 2 and 4 work as
protective layers.

Specific examples of the material for use in the first and
second dielectric layers 2 and 4 are metallic oxides such as SioO,
S$i0;, ZnO, Sn0,, Al,0,, TiO,, In,0;, MgO, and Zr0,; nitrides such as
SisN,, AIN, TiN, BN and ZrN; sulfides such as ZnS, In,S; and TaS,;
carbides such as SiC, TaC, B,C, WC, TiC and ZrC; carbon with a
diamond structure; and mixtures thereof. Further, those
dielectric layers may further comprise an impurity when
necessary, or each dielectric layer may be of a multiple-layered
structure, provided that the melting points of the first and .
second dielectric layers 2 and 4 are required to be higher than
that of the recording layer 3.

The first and second dielectric layers 2 and 4 for use in
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When necessary, each of the first and second dielectric
layers 2 and 4 may be of a multi-layered type.

The thickness of the first dielectric layer 2 has a
'significant effect on a groove reflectance of the light Eaving a
wavelength of 650 nm, which is for reproducing signals recorded _
in the DVD.

Fig. 4 is a graph which shows that, in a phase-change
optical recording medium comprising a first dielectric layer with
a refractive index df'2.0, a recording layer with a thickness of
25 nm, a second dielectric layer with a thickness of 30 nm and a
refractive index of 2.0, and a light reflection and heat
dissipation layer with a thickness of 140 nm, how the groove
reflectance of the recording medium depends upon the thickness of
the first dielectric layer.

With reference to Fig. 4, in order to obtain a groove
reflectance of 0.15 to 0.25 which is standardized for CD-RW,
using a reproduction beam with a wavelength of 780 nm and a
reproduction beam with a wavelength of 650 nm, it is required
that the thickness of the first dielectric layer 2 be adjusted
‘within a range of 65 to 130 nm. Further, in order to obtain a
groove reflectance of 0.18 or more which is considered sufficient
for use in practice, using the reproduction beam with d
wavelength of 650 nm, it is desirable to adjust the thickness of
the first dielectric layer to 110 nm or less. Furthermore, in
order to obtain the above-mentioned sufficient groove
reflectance, using the reproduction beam with a wavelength of 780
nm, it is desirable to adjust the thickness of the first
dielectric layer to 80 nm or more. In view of the above-
mentioned analytical results, an optimum thickness of the first

dielectric layer is considered to be in a range of 80 to 110 nm
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range of 20 to 40 nm. When the thickness of the second
dielectric layer 4 is less than 15 nm, the second dielectric
layer 4 does not always effectively work as a heat-resistant
protective layer, and the recording sensitivity of the recording
medium tends to be lowered, while when the thickness of ‘the
second dielectric layer 4 is more than 45 nm, the second
dielectric layer 4 tends to be peeled off when used at a so-
called low linear speed in the range of 1.2 to 5.6 m/s and
accordingly the recording repetition performance tends to be
lowered. _

Specifié examples of the material for the light reflection
and heat dissipation layer 5 are metals such as Al, Au, Ag, Cu
and Ta, and alloys thereof. The light reflection and heat
dissipation layer 5 may further comprise other additional
elements such as Cr, Ti, Si, Cu, Ag, Pd and Ta.

The light reflection and heat dissipation layer 5 can be
provided by vacuum deposition, sputtering, plasma chemical vapor
deposition, photochemical vapor deposition, ion-plating or
electron beam deposition method.

It is preferable that the thickness of the light reflection
and heat dissipation layer 5 be in the range of 70 to 180 nm, '
more preferably in the range of 100 to 160 nm.

It is also preferable that an overcoat layer 6 for
preventing oxidation of the light reflection and heat dissipation
layer 5 be provided on the light reflection and heat dissipation
layer 5. As the overcoat layer 6, an ultraviolet—curing resin
layer which is prepared by spin coating is in general use.

It is preferable that the thickness of the overcoat layer 6
be in'the'range of 7 to 15 um. When tﬁe thickness is less than 7
um, operation errors tend to occur increasingly when a printing
layer 7 is_overlaid on the overcoat layer 6, while when the
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layer 6 increases, so that the overcoat layer 6 tends to have

large adverse effects on the mechanical properties of the
recording medium. '

A hard coat layer 8 may be provided on the non-grooved side
of the substrate 1. The hard coat layer 8 is generally formed by
subjecting a UV-curing resin to spin coating.

It is preferable that the thickness of the hard coat layer 8
be in the range of 2 to 6 um. When the thickness of the hard
coat layer 8 is less than 2 um, the scratch resistance thereof
tends to be lowered, while when the thickness of the hard coat
layer 8 is more than 6 um, the internal stress of the hard coat
layer 8 increases, so that the hard coat layer 8 tends to have
large adverse effects on the mechanical properties of the

.recording medium.

It is preferable that the hard coat layer 8 have a pencil
hardness of H or more with which pencil hardness, the surface of
the hard coat layer 8 is seriously scratched. even when rubbed

. with a cloth. When necessary, an electroconductive material may
be contained in the hard coat layer 8 to make the hard coat layer
8 antistatic so as to effectively prevent dirt or the like from
electrostatically adhering thereto.

It is preferable that the UV-curing resin for use in the
hard coat layer 8 have a viscosity of 40 cps or more at réom
temperature in order to control a coating position therefor with
high precision and high reproducibility, whereby the edge of the
hard coat layer 8 can be accurately positioned, for instance,
within an area from a distance of 20 to 22 mm from the center of
a disc as shown in Fig. 5.

Fig. 5 is a schematic front view of a phase-change optical
recording disc of the present invention, viewed from a non-
grooved side of a substrate thereof, in explanation of the
coating area of the hard coat layer 8. As shown in Fig. 5, in
the phase-change optical recording disc of the present invention,
there are formed a stack ring 12, and an injection molding mark

13 which is concentrically formed at a distance of 20 mm from the
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groove reflectance thereof when the phase- change recordi ng material
15 in the recording area 11, and the innermost edge of the splral

groove 15 is concentri—cally located at a distance of 22 mm from
the center of the disc. In order to provide a hard coat layer 8
on the non-grooved side of the substrate 1, therefore, the spin
eoating of the UV-curing resin on the non-grooved side of the
substrate 1 is required to start from a position in an drea
between the injection molding mark 13 and the innermost groove
edge 15.

Further, as above explained, the initial crystalline state
of the recording layer depends on the initializing apparatus
employed in the course of the fabrication of the recording
medium. Therefore, it is preferable to place a mark for
recognizing which initializing apparatus is employed for
initializing the recording medium on the substrate in the course
of the initializing step. In this case, such a mark may be
formed at an inner side of the innermost groove edge 15.

Fig. 7 is a schematic front view of a phase-change optical
recording medium of the present invention, viewed from the non-
grooved side of the substrate, in explanation of the position of
the mark for recognizing the initializing apparatus. As shown in
Fig. 7, such a mark 16 is formed between the injection molding
mark 13 and the innermost groove edge 15. 1In such a case, the
starting position from which the spin coating of the UV-curing
resin is initiated for the formation of the hard coat layer 8 is
required to be positioned with extremely high accuracy, because
the space for setting the starting position is further limited.
In this sense, the viscosity of a resin for use in the hard coat
layer 8, for instance, the viscosity of the UV-curing resin, is
extremely important.

As electro-magnetic waves for use in the present invention,
which are used for initializing the recording layer, and carrying

out the recording, reproducing and erasing operatlons, there can
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As mentioned above, drive systems for the CD-RW have been
actively developed and various matching tests have been conducted
to evaluate the matching properties between the CD-RW and drive
systems therefor. As a result, it has been confirmed that the
following problems are caused, depending on the combination of
the drive system and the CD-RW:

(1) After data is written in a program'area, “Lead-In” and
“"Lead-Out” signals are respectively written inside and outside
the program area with a pick-up device of the drive system.
However, when the pick-up device performs a seek operation by
crossing the program area in order to write the “Lead-In” and
“Lead-Out” signals, the pick-up device cannot locate a necessary
pickup position.

(2) The'precision for determining an optimal recording power for
the employed recording disc is so poor that in some cases, no

optimal recording power cannot be determined.

(3) Errors increasingly occur when reproducing operation is
carried out at a linear speed as high as 6x nominal CD speed or

more (i.e. 7.2 m/s or more).

The above-mentioned problem (1) was found to be caused by
insufficient or improper initialization of the recording layer.
When the initialization of the recording layer is insufficient,
the Ry, thereof is increased through the repetition of the
overwriting operation. As a result, a push-pull magnitude and a
radial contrast of the recording layef are decreased to such an

extent that the tracking operation of the pick-up device becomes
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Furthermore, when the initialization of the recording layer
is improper, push-pull signals and R, signals are disturbed, so
that the tracking operation of the pick-up device becomes
unstable and accurate seek cannot be perforhed.

The above-mentioned problem (2) was found to be caused
because no optimal recording power was determined. This is
because when it was tried to determine the optimal recording
power, using the OPC procedure, the modulation degree was not
saturated even when the recording power was increased. It was
found that these problems were also caused by the above-mentioned
insufficient initialization and improper initialization.

After various studies, it was found that it is preferable
that in order to determine the optimal recording power, the
initialization be such that the groove reflectance of the optical
recording medium be 95% or more of a saturated groove reflectance
(Rg). The saturated groove reflectance means a maximum groove
reflectance. The groove reflectance of 95% or more of the
saturated groove reflectance can be obtained by appropriately
‘adjusting the initializing conditions, such as the initializing
power, the moving speed of light-application means over the
recording medium during the initializing operation, and the
linear speed of the disc during the initializing operation as
shown in the graphs in Figs. 6A, 6B and 6C.

More specifically, Figs. 6A, 6B and 6C show graphs which
respectively indicate (a) the relationship between the groove
reflectance and the initializing power applied to a recording
disc, (b) the relationship between the groove reflectance and the
moving speed of the light-application means over the recording
disc in the initializing operation, and (c) the relationship
between the groove reflectance and the linear speed of the
recording disc during the initializing operation.

As can be seen from these graphs shown in Figs. 6A to 6C,
the optimal initializing power range, the optimal moving speed
range of the light-application means during the initializing

operation, and the optimal linear'speed range of the disc during
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specific phase-change recording medium initialized by the
initializing apparatus be clarified in a plurality of
initializing apparatus and a number of initialized phase-change
recording media. -

For the clarification of the above-mentioned traceability
and from the viewpoint of the control of such initializing
conditions, it is effective to place on the substrate of each
phase-change recordinglmedium a mark for identifying the
initializing apparatus by which the phase-change recofding medium
is initialized at the initializing step.

As mentioned above with reference to Fig. 7, it is
preferable that the mark 16 be placed at a position inside the
innermost groove edge 15 by modulating the initializing power.
When a plurality of initializing apparatus (for instance,
apparatus No. 1 to No. 6) is employed to perform the initializing
operation for phase-change optical recording discs, a one-dotted
mark may be put on the recording disc which has been subjected to
initialization, using the initializing apparatus No. 1 at a
distance of 21 mm from the center of the disc, and a six-dotted
mark may be similarly put on the recording disc subjected to
initialization, using the apparatus No. 6, in such a manner that
the number of the dots corresponds to the No. of the apparatus.

Alternatively, the initialization starting position on the
recording disc may be changed for each initializing apparatus.

Furthermore, it is effective that the substrate bears an
Absolute Time in Pre-groove data (ATIP data) including a
predetermined optimum recording power for each recording disc in
order to cope with the case where the optimum recording power
cannot be determined by the OPC procedure.

The above-mentioned problem (3), that is, the problem that
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recording medium is less than 0.18. The groove reflectance of
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the recording medium can be increased to 0.18 or more, fof
example, (i) by increasing the thickness of the first dielectric
layer to 80 nm or more, (ii) by increasing the atomic % of Sb in
the composition of the recording layer, (iii) by decreasing the
thickness of the second dielectric layer, or (iv) by making a
groove formed on the substrate wider and shallower.

The same effect as obtained by increasing the groove
reflectance mentioned above can also be obtained by increasing
the power of the reproduction light to 1.2 mW, 1.4 mW or 1.6 mW.
When the variation in the performance of the drive systems and
that in the reflectance of the recording media are taken into
consideration, it is preferable to employ a reproduction light
with a power of 1.2 mW or more for a reproduction operation at an
8x nominal CD speed (9.6 to 11? 2 m/s). Furthermore, for a
reproduction operation at a qominal CD speed as high as 12x (14.4
to 16.8 m/s), a reproduction light with a power of 1.4 mW or more
is suitable. Héwever, when the power of the‘reproduction light
is 1.8 mW or more, the occurrence of errors is increased when the
reproduction is repeated 1,000,000 times or more.

It is desired that CD-RW discs have at least such a
recording performance that has a recording linear speed in the
range of 2x nominal CD speed to 4x nominal CD speed. In 2x
nominal CD speed recording/ erasure, and in 4x nominal CD speed
recording/erasure, the respective cooling rates of the phase-
change recording medium when the medium is crystallized for
erasing, and the respective cooling rates thereof when the medium
is made amorphous for writing are different, so that the control
of such cooling rates is of great importance. To be more
specific, in a 2x nominal CD speed mode, it is relatively easy to
crystallize the recording layer forlerasure, but it is difficult
to make the recording layer amorphous for writing. In contrast

to this, in a 4x nominal CD speed mode, it is relatively easy to
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rel ati onship between a’lig power
power. Therefore, lt is effective to decrease the erasing power

as shown in a strategy in Fig. 8B. To be more specific, it is
preferable that the ratio of the erasing power (P,.) to the
writing power (P,,) be 0.50 or 0.54 in the 2x nominal CD speed
mode, and that the ratio of the erasing power(P,,) to the writing
power (P,,) be 0.46 or 0.50 in the 4x nominal CD speed mdde.

Other features of this invention will become apparent in the
course of the following description of exemplary embodiments,
which are given for illustration of the invention and are not

intended to be limiting thereof.

Examples 1 to ¢ and Comparative Examples 1 to 4

A polycarbonate substrate disc with a thickness of 1.2 mm,
provided with a guide groove with a width of about 0.5 um and a
depth of 35 nm on one side of the substrate, was cooled below
80°C.

A first dielectric layer, a recording layer, a second
dielectric leyer, and a light reflection & heat dissipation layer
were successively provided on the above-mentioned polycarbonate
substrate, using a sputtering apparatus. The material for the
first and second dielectric layers was ZnS+5i0,, the composition
of a sputtering target for the formation of the recording layer
in each of Examples 1 to 9 and Comparative Examples 1 to 4 is
shown in TABLE 2, and the material for the light reflection &
heat dissipation layer was an aluminum alloy.

Further, a hard coat layer was formed by spin coating an
ultraviolet-curing resin on a non-grooved surface of the
polycarbonate subetrate, with the spin-coating of the
ultraviolet-curing resin being started from a position at a
distance of 20.5 mm away from the center of the disc.

An overcoat layer was formed by spin coating the same
ultraviolet-curing resin as for the above-mentioned hard coat
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and that for 4x nom nal CD’speed.
recording disc was initialized by crystallizing each recording
layer under the conditions that the groove reflectance securely
reached as high as 95% or more of the saturated groove
reflectance. Further, in the course of the initializing
operation, a dotted mark identifying the employed initializing
apparatus was written on the non-grooved surface of the ‘substrate
at a distance of 21 mm from the center of the disc by modulating
the initializing power.

Furthermore, a printing layer was provided on the overcoat
layer.

Thus, disc-shaped phase-change optical recording media Nos.
1 to 9 of the present invention in Examples 1 to 9, and
comparative disc-shaped phase-change optical recording media Nos.
l to 4 in Comparative Examples 1 to 4 were fabricated.

TABLE 2 shows the thickness of each of the above-mentioned
layers, the composition of the sputtering target for the
formation of each recording layer, and the "recrystallization
upper—limit.Linear speed" of each recording layer.

The performance of the thus fabricated phase-change optical
recording media was evaluated using a CD-RW drive system for
evaluation equipped with a pick-up with an NA of 0.5, using a
light beam having a wavelength of 780 nm. The strategy was as

follows:

The ratio of Easing power (P,,)/Writing power (P,): 0.50
The ratio of Erasing power (P,.)/Writing power (P,): 0.46

Writing power: 13 mW (both in 2x and 4x nominal CD
speed modes)

Bias power: 1 mW (both in 2x and 4x nominal CD
speed modes) —_—

Reproduction power: 1.0 mW heet Has Been Replaced
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Fig. 9 is.a graph showing the relationship between the Iinear speed of a

phase-change optical recording disc at the application of a Iight beam

thereto and the groove refl ectance there after the application of the

l'i ght beam DESCRI PTI ON THE PREFERRED EMBODI MENTS

The optical recording nediumof the present invention conprises a substrate

on which a fiAr %rlodclkele%%%rrl (]::'alta Ny LE%\)r%aCaosr %Ie% ure¥i after the direct
overwriting operation was repeated 1,000 times. The results are
shown in TABLE 3.

As shown in TABLE 3, when the writing operation and the
reproduction operation were carried out at 2x nominal CD speed,
the block error rate was less than 100 cps in Examples 1 to 9, so
that there were no problems with these recording media for use in
practice.

In the case where the writing operation was carried out at
4x nominél CD speed and the reproduction operation was carried
out at 2x nominal CD speed, there was a tendency that the greater
the composition ratio of the element In in the composition of the
recording layer, the greater the block error rate.

In the disc-shaped phase-change optical recording medium No.
9 fabricated in Example 9 of the present invention, the thickness
of the first dielectric layer was as thin as 70 nm, so that the |
reflectance of the disc with respect to the light with a
wavelength of 780 nm was 0.18 or less, and it was impossible to
carry out the reproducing operation at 6x nominal CD speed
because of the increase of block error rate. However, the block
error rate was reduced to 250 cps when the reproduction power was

changed from 1.0 to 1.2 mW.
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a second .dielectric layer, a light reflection and he@lis $hes Hagieen Replacay

and an overcoat |ayer are successively overlaid, with I ayer
(1) conprising a phase-change recording gmterial whic

constituent elenments Ag, In, Sb, Te, and nitrogen ato atom
wth the respective atomc %thereof being f[err]. [err]., [err]. [err] and

[err] (the total até)mg %ofthe nbtreges alnomMAand orn OXyged | @t om e Wi ch
are in the rel atfi gng Im O <va hereg] &6 « o 3 [err] 15,
—
50 [err] 65, H%m%O[err] 35,
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O [err] . 5, provided that a + [err] + [err] + [err] + [err] = 100, and
(2) having a recrystallization upper-lim’t | inear speed in a range of 2.5
to 5.0 nm's. The above-nenti oned ' %ystalllzatlon upper-limt |inear
speed” of the recording |ayer of the opt é recordi ng nmedi um of the

present_invention neans an upper limt |inear speed of a |ight beam which
scans tlhe 4 gecprding | ay¢r~at which the recordi ng | ayer can be
recrystaigla‘l Zedt after beijnrg fused with the application of the |ight beam
t heret q,5d"@ tehen cool edd and recrystallized. In the above, as the
l'i ght heam |gs:used a sem conductof | aser beamwhich is simlar to that of a
sem condg grgl aser mounted in a priter for the recording medi um The
above- 1 @ngd "recrystallizatiop upper-limt |inear speed” of the
r ecor difpg—tayer—pf—t-he—pptieal—~efordi ng nediumis a novel value for
charactlesi zi ng the reco df?ng medi pm whi ch was di scovered by the inventors
of the|pgesent ipgentiop.! t
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The "recrystallization upper-I|n1t | i near speed” of the recording | ayer can
be determ ned fromthe dependency of the reflectance of a groove portion or
a land portion of the recording |ayer of §@e_opt|cal recordi ng medi um on
the | i near speed of the. recording nmedi um under the exposure to the |ight
beam or upon the |inear speed of the |ight beam which scans the recording
| ayer. Fig. 9 is a graph which shows the rel ationship between (a) the
- 14 - linear speed of a phase-change optical recording disc in the course

of scanning of a |light beam over a recording |ayer of the phase-
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change optical recording disc and (b) the refl ectante of a groove—of—the

recording disc irradiated with the |ight beam As shﬂmw ']n gm t he
course of .increasing the linear speed of sshe optical l" mun t he
refl ectance of the groove begins to suddenly drop at a*ceftain?"irfear

speed. | If§%ﬁ&e§c& | s defined as the above-nentioned
"recrystallization upper-1imt linear speed" of the recording layer. In
Fig. 9, the "recrysi ajgtizadl ofectfifing inddidn nessasheast ©écdhdinecandi ng
| ayer is 3.5 nis. Even though the wavel ength of the |ight beam

scanni n¢RAE- 1R AGHATRA Rt uRIP T+ "ime, the "recrystal lization _
upper - I igridydd %,S%eefii‘rsoé &mé‘ﬁ&ﬁ@u%elbﬁyed g iyg VL es, depending
and t of the I1ght oyed

on the power e di aneter eam enpl oyed.” For™ I nst ance,
when a |sssmmdbeabimMictric esdengt L ight7gkeimdtiappnddieai dbs aiphtkop

tube with a nunerjcal aperture (NA) of 0.5,.t0 .a phase-chan opti cal
recor di rﬁgaﬁéﬁrs’c,arhd [ e algq%%F’ofsﬁlﬁzg f'lr.resct} ﬁ%e:fsfcf%ﬁg a%% ’er§?1‘?ﬁ t
l i near speesfdialg theydecadlidsdayed diekbdmidid. ayds, said Thgnperformance

of the phase-change optical recording nmedi um depends upon the
"recrystE@iieaticvh dieat %S iRAtakons pliipr nfanhesaid overcoat layer

being successively overlaid on said substrate,

said recording layer (1) comprising a phase-change;récording
material which comprises as constituent elements Ag, In, Sb, Te,
and N and/or O with the respective atomic % thereof being o, B,
Y, & and £ (the total atomic % of N and/or 0), which are in the

relationship of:

0 <o < 6, .
3 <8 < 15, This Sheet Has Been Replaced
50 < y < 65, . I

20 < & < 35,

0 < g <5, provided that a + B + v + & + € = 100, and (2)

having a recrystallization upper-limit linear speed in a range of
2.5 to 5.0 m/s.

2. The'optical recording medium as claimed in Claim 1,
wherein said recording medium has a groove reflectance of 0.18 or
more with respect to both of a reproduction light having a
wavelength of 780 *15 nm and a reproduction light having a
wavelength of 640 *1S5 nm.

3. The optical recording medium as claimed in Claim 1,
wherein said substrate bears an Absolute Time in Pre-groove data
(ATIP data) including a pre-etermined optimum recording power for

said optical recording medium.

4. The optical recording medium as claimed in Claim 1,

wherein said recording laYer has a groove reflectance of 95% or

| THIS SHEET HAS BEEN
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recor.di ng. I mw",& When the "recrystallization upper-| i mThislShéeeHis BegRepiaced

of the reco Uﬂtul ss t han 2 5 m's, the phase- change
able for use én practice, since t

recordi ng
recrystalllzatlon of thé recordlng Iayer cannot be carried ou
| i near eed, _so that too nmuch tine alize.t recordi ng

nmedi um™ E?t%grﬂn?%tuﬁﬁEﬁdrEEBPHFnﬁeFie EgPS?ngBeFﬁoguH Pe@&ﬁglﬁ&aﬁfhlum
at 4x nemingt £ErsP8eflg ﬁQ@e?ﬁ.ai' N9 epgsahlonzeantel BaiRealeckl oraldt ed
out. On the” other hand; whe he "recrystallization upper-limt |inear
speed". %&ldhée¢@€@¥@gn@eﬁay@r exceeds 5.0 m's, the recording |ayer cannot
assune a conpl ete anorphous state when infornation Is witten therein.
Thus, satisfactory signal properties cannot be obtai ned. To control
the "recrystalli zahéooptppel- keookdihgenedipmeds eflaimed in Claim 1,

wherein said recording layer carries thereon an identification
information for identifying an initializing apparatus used to
initialize said recording medium, using an initialization light

having a predetermined initializing power.

6. The optical recording medium as claimed in Claim 5,
wherein said identification information is written in the form of
a mark on a non-grooved surface of said substrate, using a light
beam which is obtained by modulating said initializing power of

said initialization light.

7. The optical recording medium as claimed in Claim 1,
further comprising a hard coat layer which is provided on a non-
grooved surface of said substrate, opposite to said first

dielectric layer with respect to said substrate.

8. The optical recording medium as claimed in Claim 7,
wherein said hard coat layer has a thickness of 2 to 6 um and a

pencil hardness of H or more.

9. The optical recording medium as claimed in Claim 7,
wherein said hard coat layer comprises a cured UV-curing resin
which has a viscosity of 40 cps or more at room temperature

before cured.

10. A method of recording information in a phase-change
optical recording medium capable of recording information at a
linear speed in a range of 2.4 to 5.6 m/s, and erasing recorded
information therefrom, said phase-change optical recording medium

comprising a substrate, a first dielectric layer, a recording

| THIS SHEET HAS BEEN
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t Fsis ' gs! as specified in the present invenU rabl e
thaLiﬁiﬁiﬂEW& ange optical recording nedium be pro m'""mmﬂﬂ
man nperature of the substBate is set at 80 efr]C or Fess )
when the first dielectric layer, the recording layer, the second dielectric
layer, 1&get| 0At sééBhQCB.E.QMe@_BQibe&thﬁSiapaﬁ.lgﬁlﬂ ra¥eecandnt hadoneatoat .

| ayer are successively overlaid on the substrate in this order. \Wen the
tenper adyfsipatine sabstraped é%c@€é§CQGFeEﬁV€FftﬁéléiéﬁééﬁrﬂéeﬁéﬁéFléhd/or
tEgr;ggfégéP?hgg¥8rrééorﬁ?ﬁb'§5b¥r9r¥ﬁaalEbéqu'Bi%@%c%?EESQaQErtO%@@H on

light reflection and heat dissipation layer, and said overcoat

- layer being successively overlaid on said substrate, said
recording layer (1) comprising a phase-change recording material
which comprises as constituent elements Ag, In, Sb, Te, and N
and/or O with the respettive atomic % thereof being o, B, v, O
and ¢ (the total atomic % of N and/or O), which are in the
relationship of:

0'< a g 6,

3 < B g 15,

50 £ vy < 65,

20 ¢ & < 35,

0 < £ s 5, provided that ¢« + B + v + & + ¢ = 100, and (2)
having a recrystallization upper-limit linear speed in a range of
2.5 to 5.0 m/s, under the conditions that a ratio of erasing
power (P,)/ writing power (P,,) at a linear speed in a range of
2.4 to 2.8 is greater than a ratio of erasing power (P,)/writing

power (P,,) at a linear speed in a range of 4.8 to 5.6 m/s.

11. A method of reproducing information recorded in a
phase-change optical recording medium capable of reproducing
recorded information therefrom by controlling a reproduction
light power of a reproduction light for reproducing recorded
information 1in accordance with a reproduction linear speed, said
phase-change optical recording medium comprising a substrate, a
first dielectric layer, a recording layer, a second dielectric
layer, a light reflection and heat dissipation layer, and an
overcoat layer, said first dielectric layer, said recording
layer, said second dielectric layer, said light reflection and
heat dissipation layer, and said overcoat layer being
successively overlaid on said substrate, said recdrding layer (1)
comprising_a phase-change recording material which comprises as

constituent elements Ag, In, Sb, Te, and N and/or O with the
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the desired "recrystalli-zation upper-limt |inear speed" of the recording
| ayer cannot be obtained, or it becones difficult to find the |linear speed
at which the groove reflectance suddenlLy,grops as illustrated in Fig. 9.
Furthernore, the filmform ng speed for the recording |ayer affects the

"recrystal lization er-Limt |i r .speed" jof the recordi I r
al t hou_gﬁelngc gﬁaﬁi%g llcsl%unk‘ﬁ(f\ﬁﬁ%e%lf‘ﬁeaf’i IBm Yf’_o i 51 §pe(er§gﬁ %iaf%e
recor di agohayes ¥ teahadsedo)t hhicechyst ahl ichat iren atprershiipride | i near
speed” of the recording layer is decreased. In order to obtain the desired
"recrystal li Paci 8nsufper-linit |inear speed" of the recording layer, it is
preferabl e that hUE fiisl mform ng speed for the recording layer be adjusted
to 2 to 30 nn' S. enfhe filmformng speed for the recording |ayer is
| ess than 2 B0 g, vt ReéS,ecrystal lization upper-limt |inear speed” of the
recordi ng Ia%gr ig deggeased to less than 2 nlis, whil.e when the
filmforn ng“Sp&e8 for>the recording layer is more than 30 nn's, the
"recrystal | i gaki @ncugpebrbivided ithadr oSRe@d’: of +t e +recar digng |Awer(Bxceeds
5 nis.
. having a recrystallization upper-limit linear speed in a range of
2.5 to 5.0 m/s, under the conditions that a ratio of'erasing
power (P,,)/ writing power (P,,) at a linear speed in a réﬁge of
2.4 to 2.8 is greater than a ratio of erasing power(P,,) /writing

power (P,) at a linear speed in a range of 4.8 to 5.6 n/s.

R 0 R O
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When 't he recording layer is not sufficiently heated to a tenperature higher
than the nelting point thereof by the application of a |ight beamthereto,
or when the recrystallization takes placegfao quickly after the recording

| ayer is fused,there is a case where it is difficult to find the |inear
speed at which the groove reABSERRANE OB UREE N ¥sErO@PsrAS shown in Fig. 9

al t hough the conposition of the recording Tayer 1S € sane as that
specified in the present - 16 -

invention. Fig. 1 shows a s gﬁki c g%1¥5ﬁMlOf an exanpl e of
t he phase-change opti cal re?%r I'’ng e |unF§§ g&
RECORDING AND REPRODUCING METHOD USING THE SAME

An.optical recording medium capable of recording and erasing
-~information, includes a fi:st dielectric layer, a recording
layer, a second dielectric layer, a light reflection and heat _
dissipation layer, and an overcoat layer which are successively
overlaid on a substrate,‘the recording layer including a phase-
change recording material which includes as constituent elements
Ag, In, Sb, Te, and N and/or O with the respective atomic %
thereof being o, B, v, & and £ (the total atomic % of N and/or
O), which are in the relationship of: 0 < x ¢ 6, 3 < B < 15, 50 <
Y < 65, 20 £ & < 35, 0 < £ < 5, provided that o + B + y + & + &g =
100, and (2) having a recrystallization upper-limit linear speed
in a range of 2.5 to' 5.0 m/s. A recording method and a
reproduction method, using this optical recording medium, are

proposed.
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the present invention. On a substrate 1 with guide grooves la, there are
successively overlaid a first dielectric layer 2, a recording |layer 3, a
second dielectric layer 4, a |light refIP tion and heat dissipation |ayer 5,
and an overcoat |ayer 6. Further, as shdwn in Fig. 1, a printing |layer 7
may be overlaid on the overcoat |ayer 6, and a hard coat |ayer 8 may al so
be provided on a non-grooved side of the substrate 1, opposite to the first
dielectric layer 2 with respect to the substrate 1. In the
phase-change optical recording nmediumof the present invention, as the
material for the substrate 1, glass, ceramc materials and resins can be
used. In particular, the resin substrate is advantageous over ot her
substrates fromthe viewpoints of manufacturing cost and nolding facility..
Exanpl es of the resin serving as the nmaterial for the substrate 1 include
pol ycarbonate resin, acrylic resin, epoxy resin, polystyrene resin,
acrylonitrile - styrene copolyner resin, polypropylene resin, silicone
resin, fluoroplastics, ABS resin and urethane resin. O these resins,

pol ycarbonate resin and acrylic Fig. 1
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resin are; preferably enployed for the substrate 1 because of their easy
processi ng properties, optical properties and the manufacturing cost. The
substrate 1 nmay be prepared in the formof a disc, card or sheet. When
t he phase-change optical recording nedi2/f® of the present invention is
applied to a rewitable conpact disc (CD-RW, it is desirable that the
substrate 1 have a guide groove with a width of 0.25 to 0.65 [err]m-
preferably 0.30 to 0.55 pm and a depth of 250 to 650 A, preferably 300 to

550 A There is no particular restriction to the thickness of the
substrate 1, but it is preferable that the substrate have a thickness in
the range of 1.2 nmor 0.6 mm As the phase-change recording materi al

for the recording layer- 3, a material -of a quaternary system of Ag-1n-Sh-Te
is preferable,
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- 17:- whereby the optical recording nedium of the present invention is
caused to exhibit high recording sensitivity and speed, that is, excellent
phase change per formance from a crystalllne phase to an anDrphous phase;
hi gh erasing sensitivity and speed, thal/%s, excellent phase change
performance from an anorphous phase to a crystalline phase; and high
erasability. The Ag-1n-Sb-Te quaternary system has an optinum
recordi ng linear speed which depends upon the conposition of the quaternary
system Therefore, it is necessary to appropriately adjust the conposition
of the quaternary systemof Ag, In,. Sb and Te in accordance with a desired
recording linear speed and a desired |inear speed range.

Fig. 3

1T |[o.3T|0.ST Q.5T
Writing Power (12 mw)

Erasing Power (g mW)

Bias Power (1 mW)
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It has been confirmed that in a recording nediumw th an Ag-In-Sb-Te
recording | ayer, the conposition ratio of Te in the recording |ayer is
“nmutually related to the opti numrecording |inear speed of the recording
medi um Fig. 2 is a graph show ng 4f9e rel ationship between the atonic
% of Te in a phase-change recording material of a quaternary system of
Ag-1n-Sb-Te in a recording |layer and the optiml recording |inear speed of
a phase-change optical disc recording nmedi um conprising the recording
| ayer. The phase-change optical disc recording nediumhas a simlar
| ayered structure to that shown in Fig. 1, provided that the printing |ayer
7 is not provided, nanely, conprising a hard coat |ayer 8 having a
thickness in a range of 3 to 5 [err]m a substrate 1 having a thickness of
1.2 mm a first dielectric layer 2 having a thickness of 100 nm a
Ag- I n-Sb-Te recording |ayer 2 having a thickness of 25 nm a second
dielectric layer 4 having a thickness. of 30 nm a light reflection and heat
di ssipation |ayer 5 conposed of _a netal Qr apsall oy ddavi ng
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a thickness of 140 nm and an overcoat |ayer 6 conposed of a UV cured resin
having a thickness of 8 to 10 [err]m The recordi ng was carried out
by applying a |ight beamwth a wavelength ([err]) of 780 nmto the
recording nmedium with the nunerical ap&ture value (NA) of a pickup tube
being set at 0.5, with an Ei ght to Fourteen Mdul ation (EFM system and
the recordi ng pul se was - 18 -

Fig. 5
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determ ned, as shown in Fig. 3, in accordance with the strategy as
specified in the "Conpact Disc Rewitable PART I11". The recording |ight
power, the erase |light power, and the bias power were respectively set at
12 MmN 6 mVand 1 mWN The optimal recomddng |inear speed is defined as a

| i near speed at which a maxi mum perm ssible repetition nunber of
overwiting operations can be attgigiega As shown in the graph in Fig.
2, there is a hggh correl ati on between the optimal recording |inear speed
of the recordi n§ nmedi um and the conposition ratio of Te (atomic %of Te) in
the Ag-1n-Sb-Te recgrding layer 2 with a coefficient of correlation
(Rlerr]) of 0.9%33.1 When t he above results and an experinental error of 1
atom % taken info consideration in viewof the graph in Eig. 2 it

; atom ¢ % of Ted e conp05|tlgﬁ%o?ftgﬁthéﬁﬁéi%@

consi dered t hat+t he

material is 35 gtom%or |ess matter how sl ow the recording |inear
speed is, that Tis, at 0 m s« Furthernore, |in order to obtain a phase-change
optical recordifig disc ch can cope with a linear speed of |x, 2x, 4x and

. 8x nom nal CD sBeed t preferable atom ¢ % of Te in the
2 ' Optimal range
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conpasition of the recording material is considered to be as foll.ows:

TABLE 1 Desi red Li near Speed Pref erabl e
Amount of Te ) : (atom %
1x nom nal CD speed (1.2 to 1.4 m's) 7/9 about 33 2x nom nal CD
speed (2.4 to 2.8 nis) - about 30 4x nom nal CD speed (4.8 to
5.6 nis) about 27 8x nomnal CD speed (9.6 to 11.2 m's)
about 20

Fig. 7
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In the Ag-1n-Sb-Te based recording layer, the conposition ratio of each
el enent affects the preservation reliability of the obtained recording.
medi um To be nore specific, when the atomc %of the element Ag in
t he conposition of the recording materBad exceeds 6 atom % the

- 19 - deterioration of the overwiting shelf properties becones

noti ceabl e. Nanely, sufficient signal recording cannot be perforned in

sever al Fig. 8A
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year s afver t he production of the recordi ng nedi um When the atom c %

of the el ement In exceeds 15 atom % the archival |ife is reduced, whereas
when the atomic %thereof is less than 3 atom % the recording sensitivity
i s decreased. Wth respect to the $%ment Sb, the greater the atomc %

thereof, the better the repetition performance of the overwiting
operation. However, when the atomic % of the elenment Sb exceeds 65 atom %
the archival life is decreased. In order to prevent the reduction of
the archival life, the addition of nitrogen and/or oxygen atomto the
conposition of the phase-change recording layer is very effective. By the
addition of N and/or Oto the conposition of the recording | ayer, an

anor phous mark can be stabilized. The nechani sm of the above-nentioned

i nprovenent in such disc characteristics caused by the addition of a proper
anount of nitrogen and/or oxygen to the cqQnposition of the recording |ayer
has not yet been clarified, but it i 80n§|dered that when a proper anopunt
of nitrogen and/ or oxygen is contained in the recording |ayer, the density
of a recording layer is decreased and

Groove reflectance after
application of ‘light beam

A4

g 1 2 3 4 5 6 7 8

Linear speed of. recording medium (m/s)
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Towsmednn ot -
m nute voi ds HnseShmHamERbplaacdt he record| ng Iayer wher eby th% %é%c%r%%j 5
¥ he- record| !ﬁaﬂm(mﬁ&hﬂ reased in ternms of the configuratian, q%
, the de n the recording layer is moder at ed 4 &
conmparison wth e case e nitreogep and/ or oxygen atomis not qu’}ﬂ(ﬁ ned
in the recording |ayer. Therefore, the transition fromthe anorphous phas

THIS SHEET HAS BEEN

to the cryftalrTine phase can Re [\estm[alugleqT SO TRAT NG Stani 113y pf the
anor phous el k s increased japd {he shetf Life of: the anprphous mafk is
‘inproved. | = Wnen ni t rogen and/ or oxygenls contained {n the recprdi ng
| ayer, it s;gorlapl cuously shown by an IR spectrumtherepf that nifrogen
and/ or oxypensis pegnded to Te and/or Sb in the conpositipn of the fecording
| ayer . PAgcprylizng to thel present invention, the total atomc %of N
and/or Oip% Hecbibosition lof the recording layer is 5 atom.%or]!less.
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~the total atomc %thereof exceeds 5 atom % the nitrogention of

the recordi ng.l ayer excessively procee¥s,~so that the crystallization of
the recording | ayer becones difficult.
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(*) Beam power:

As a result,
cannot be sufficiently |n|t|aI|zed and the erasablllty S
.ntroduced into the recording |ayer by
concentration of nore

re of argon when the recording |ayer is
m xed gas of N and/or O gas and argon gas

gen gas with a

12 mW Wavelength: 780 nm NA: 0.5

the recording | ayer

r educed.
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This is ﬁb&ﬁﬁﬁ »
N and/ or el“?%ry i ntroduced into the recordpﬁjypa phost
m xed gas f sputterr ng step MRy_ be prepared by @m%ing t‘heqol
ni trogen an s and the argon gas in a ﬁﬂ%ﬂéternrned\qyﬁgpg

rati o before the m xed gas_is introduced into a sputter chanber
Al t er natdwet ymay e a?*%B‘ﬁSbB%daHB Fﬁ P%géﬁdarkr’&/cg‘r SfGER L e disc.

| ntroduced RO tafe3PPLLEE, Ceaeberqwﬂnt BR [8%RAql \Rdd QW ral®s tied ng

controlle€d So as to obtain a desired nolar ratio. Furt herrore, one of
t he advasungesesboar ned 8ysche anerﬁﬁremdﬁwercmmmg@mw%romyaﬁda into
the reco |ng I er s that the r

|1
recordi yer %ﬁvﬁé’rafﬁFaea S ? gH & %%ﬁigﬁgc té;%rzé{rdﬁgzﬁ%

of the reepyeirgohaye] canthe §qatreebl od. shirhoEho Wadhoridtee CRibdRate
recordrng |1 near speed of the ﬁhase change opti cal recordrng di sc can_be

control | &l tsmpqiyt@yrampuet Paght Ad rfi heg efaomo Wdfthnia rcdgve#,arﬁﬂearsre&%ee
gas/ar gop, PEse 8 ﬁ?g E?H%%WHQ Eb”&%vp'l%r%cr%rtcth%%r f%{nréaté.oé‘: Lfs 4he ris
recordrﬁﬁ y% B puttering i s Used.
desrrablEhéhafebbﬁaﬂﬁgraﬁﬁbﬁepheducahbm ham@ed t@ wbﬁnﬁrmea any longer
due to the scratches formed on the surface of the substrate. To
avoid such a problem, it is proposed to provide a hard coat layer
such as an ultraviolet-curing resin layer on a non-grooved
surface of the substrate, that is, a mirror surface of the
substrate. Such a UV-curing resin layer has already been used in
the magneto-optical recording disc. However, the coating of the
UV-curing resin needs an extremely delicate coating technique,
starting from a predetermined position in an extremely narrow
area from a molding mark formed on the substrate by injection
molding to an innermost groove edge on the substrate. Such
delicate coating technique has not ever been applied to the
fabrication of a commercially available phase-change optical
recording medium. This is because uneven coating of the hard
coat layer, no metter how the unevenness is slight, inevitably
causes improper initialization of the recording medium.
Generally, the innermost groove edge is concentrically
.located at a distance of 22 mm from the center of the disc in the
optical recording disc such as CD-RW, while in the magneto-
optical recording disc, the innermost groove edge is located.at a
distance of 25 mm or more from the center thereof, so that the
innermost groove edge of the optical recording disc is closer by
2 mm or more to the injection molding mark of the substrate than
the innermost groove edge of the magneto-optical recording disc.
Therefore, in the case of the phase-change optical recording
disc, it is extremely difficult to provide the UV-curing resin
layer on the substrate thereof with stable reoroducibilitv '
A prhase-change optical disc compr151ng an Ag—Tn Sb- Te based

recording layer is conventionally known to exhibit excellent



one elenment of Ag, In, Sb or Te in the recording layer. Q3 fOCGIOar,'UV\,hen
‘N and/or Ois bonded to Te, for exanple, with the formation of ;a Tg- ond,
a Te-O bond or a Sb-Te-N bond, the perm ssible repetition n&ﬁﬁ rloﬂ q
overwiting operations can be nore effectidvety increased than t ase
where N and/or Ois chemcally bonded to any of the other eleﬁﬁﬂ@ Such

chem cal IEBhAi @F THEt BNVENEFOHi ng | ayer can be effectively analyzed by

spectroscopi ¢ anal ysis such | 8k
- 21 - transforminfrared sgec regé'copfxcmg%g MEDI}EI IB) or X-ray

phot oel ect ron S peCIRECORIENG $if) . REFRODUCINGINETHCE IS INGTEE SAME

BACKG F TH NVENTION

Field of the Invention

The present invention relates to an optical recording medium,
in particular, a phase-change optical recording medium comprising
a recording material capable of causing changes in the phase thereof
by the application of a light beam thereto, thereby recording,
reproducing and overwriting information therein; and a.recording and
reproducing method using the above-mentioned phase-change optical
recorcing medium, which is applicable to optical memory devices,
particularly, rewritable compact disc (hereinafter referred to as

CD-rewritable or CD-RW).

Discussion of r d

There is conventionally known a phase-change optical recording
medium which utilizes phase changes between a crystalline phase and
an amorphous phase or between one crystalline phase and another
crystalline phase as one of the optical recording media which are
capable of recording, reproducing and erasing information by the
application thereto of electro-magnetic wéves, such as a laser beam.
This kind of phase—change optical recording medium enables the
overwriting of informatioﬁ by the application of a single laser beam
thereto, although it is difficult to perform.such overwriting
operation, using magneto-optical memory. An optical system of a
drive unit for the phase-change optical recording medium is simpler
in mechanism than that for the magneto-optical recording medium, so

that research and development of recording media of this kind has

been actively conducted in recent years.

As disclosed in U.S. Patent No. 3,530,441, so-called
chalcogen-based alloys, such as Ge-Te, Ge-Te-Sn, Ge-Te-S,

Ge-Se-S, Ge-Se-Sb, Ge-As-Se, In-Te, Se-Te and Se-As, are

23 JAN 1998

REPLACEMENT SHEET




FT-1R analysis, the Te-N bond exhi bits peaks near 500 to 600 cnierr]; and
‘the Sb-Te-N bond exhibits peaks near 600 to 650 cnferr]. In the
“present invention, the recording |layer for use in the phase-change opti cal
recordi ng medi um may further conprise othet =lenents and inpurities for
further inprovenent of the performance and the reliability thereof. For

i nst ancecosueht beakhysuasdB, ad\, r&oramy Sitediatsofed the)nbasesehpagent

Applicatiop, 4-1488, and_ot her,.el egents such as.Q, .S, Al .. Ti, Fe, -
Co, Ni, ??J,Ql?fl,} FREOEFING MER}a - “aﬁédAglﬁBy Bg &gnpgi%ﬁ)g eéjs-Eﬁr éa}ééjrawg e
el enents g5 kRBUBbbVESmEAtiBAcHECOFTENGabayeilloy to limdievererenttability

i nvention, the conposition of the recording |layer for use in the . X
phase- chafigeh®pt¢eatdirg gnalt ¢igl #b AR 3 S aid VACECARS (1ga e Yaheddiigrtion
spectrosgopic i t | .55l 1 ARt AN a8 iS55 W

al so X—r%elren' E?%g%% y%‘? S&Pﬁfﬁéeéf(? ol:}g %aeci%s%tﬁ%gﬁfn , Auger ele troln 2 "
spectro- 6tepilecanal ywusthandoxer aphd bddiesoence Snahyshs tcahhbeGerpe dpeskd o
. I n such a case -howevereJt

?Qahgigségﬁygfo géléﬁé”gégiéigilQ%F%%gkggtggygéme are respectlvély propos
in Japanese Laid-Open Patent Applications 61-270190 and 62-19490 for
the same purposes as mentioned above. Furthermore, a recording
material comprising a Ge-Te-Se-Sb alloy with a specific composition,
and a recording material comprising an Ge-Te-Sb alloy with a specific
composition are respectively disclosed in Japanese Laid-Open Patent
Bpplications 62-73438 and 63-228433 for improvement of the recording
and erasing repetition properties of a recording medium comprising
~each recording material.

However; not all the properties required for the phase-change
rewritable optical recording medium are satisfied by the above-
mentioned conventional phase-change optical recording media. In
particular, as the most important targets to be reached, the
improvement of recording sensitivity and erasing sensitivity, the
prevention of the reduction of erasing ratio at overwriting, and the
extension of the life of recorded and unrecorded portions are not
vet reached by the above-mentioned conventional phase-change optical
recording media.

In Japanese Laid-Open Patent Application 63-251290, there is
proposed an optical information recording medium which is provided
with a recording layer comprising a single layer of a compound of
a2 multi-component system composed of substantially three 6r more
components in a crystalline state. It is asserted that the single
layer of the compound of a multi-component system composed of
substantially three or more components contains a compound composed
of three or more components with a stoichiomet;ic.qpmpqsition, for
‘example, In,SbTe,, in an amount of 90 atom$ o%fﬁ@ié iﬁfthé-réébrding

layer. It is furthermore asserted that recéréingﬂang_e;asing



conpare the anal yzed conposition with the conposition anal yzed by the

em ssi on spectroscopic analysis. Cenerally, it is considered that there is
an analytic error of 5% when the conposition is nmeasured by the em ssion
spectroscopic analysis. In addition to thed3above, mass spectronetric

anal ysis, such as secondary ion nmass spectronetric analysis is one of the

ef f ect | vENREEREES 161t 18853 beginmeo st 31nm thiist hénd edordragdingdrayer.
The X-raydiftracti l.egt r; I Lhracti IS, .appropy.iate for .anal yzi ng
the st at S0P ‘Ehamstar SPCL-the FECBPALD Fayer L RaTEy. Tier o Shor

pattern shoztbebyjegSchieat etha emgspatt esti ¢ S sobsalleshd thdtheheetasei npwer
| ayer by the.electron diffraction, the nmaterial in the recording |ayer

i s
consi der E§BETER 4°¢r YECAFFRRE &1gk 8X 3R Pe 1789 ta SHitd P& tterh tHAUEath o

pattern is 0b$@&%ﬁ@rh6@%§iGaﬁbﬂ%sgaiﬁﬁbabpkﬂ bR HRC AN NG HANRS ﬂi%¥7338

considered to be in an anorphous state. The particle size of the

cryst al | Fiéslogeshan pptdrcailngecayding medium which comprises a recording
layer comprising an alloy with a composition represented by the
formula of (Sb,Te,.);.,M,, wherein 0.4 <acx 0.7, b£0.2, and M is one
element selected from the group consisting of Ag, Al, As, Au, Bi,
Cu, Ga, Ge, In, Pb, Pt, Se, Si, Sn and Zn. 1In this reference, it ié
asserted that a basic system of the above-mentioned alloy is Sb,Te,,
and that the addition of Sb to this alloy in an excessive amount in
terms of atomic percentage makes it possible to attain high-speed
erasing operation and improve the repetition properties, and that
the addition of the element M can further enhance the high-speed
erasing performance. 1In addition to the above advantages, this
reference asserts that an erasing ratio obtained by the application
of DC light is large. However, this reference does not show any
specific erasing ratio at overwriting operation, and according to
the experiments conducted by the inventors of the present invention,
non-erased portions were observed in the course of the overwriting
operation and the recording sensitivity obtained was insufficient
for use in practice.
Japanese Laid-Open Patent Application 60-177446 discloses an
optical recording medium which comprises a recording layer comprising
an alloy with a cqmposition represented by formula of (In,_Sb,), M,
wherein 0.55 < x <£0.80, 0 £y <0.20, and M is one element selected
from the group conSistiﬁg of Au, Ag, Cu, Pd, Pt, Al, Si, Ge, Ga, Sn,
Te, Se and Bi. 1In addition, Japanese Laid-Open Patent Application
©3-228433 discloses a recording layer of an optical recording medium,
which comprisesanalloywitha composition of GeTe-Sb,Te;-Sb (excess).

The recording sensitivity and erasability required for the recording

medium cannot be satisfied by any of the above-{rﬁe‘:"‘r{fli'o'r‘ié’ ]

optical recording media. Do B :ff i



- 22 - . can be determned, for instance, using the Scherrer equation, from
a half width of a X-ray diffraction analysis peak. Further, for the
anal ysis of the chenmical bonding state of the materials in the recording

| ayer, for exanple, for the analysis of Th® thenical bonding state of the

materials such as oxides or_nitrides in the recording |ayer, analytical
nmet hods such d% PRAIRiISNd XppageseeffodetiOpen Patentt App lircaftdraablée 1634 he

pr et er abry At RS Tange a1 BYEE Bk hd il BT  Breciil e S PR M v

| ayer i s dogpxitshay 80TrAGe-Sb alloy, with the addition thereto of nitrogen
atom; Japanese Laid-Open Patent Application 4-52188 discloses an
optical recording medium provided with a recording layer comprising
a Te-Ge-Se alloy, with at least one element éf Te, Ge or Se being
a nitride; and Japanese Laid-Open Patent Application 4-52189
discloses an optical recording medium provided with a recording layer
comprising a Te-Ge-Se alloy, with nitrogen atom being adsorbed
thereby7

These conventional optical recording media do not have
sufficient characteristics for use in practice, in particular, with
respect to the improvement of recording sensitivity and erasing
sensitivity, the prevention of the reduction of erasing ratio at
overwriting, aﬁd the extension of the life of recorded and unrecorded
portions. _

With the rapid spread of compact discs (CD), write-once compact
discs (CD-R) capable of writing data therein only once have been
developed and placed on the market. In the case of the write-once
compact discs (CD-R), however, once erroneous data is written in the
CD-R, the written data cannot be corrected, so that it cannot help
discarding the CD-R. Under such circumstances, there has been a
demand for a rewritable compact disc that can be used in practice.

As one example of the above-mentioned rewritable compact discs,
a magneto-optical recording medium has been developed, but has the
shortcomings that overwriting operation is difficult to perform, and
that the compatibility with CD-ROM or CD-R is poor. Under such

" circumstances, researches have been actively made for development
of a practically usable phase-change optical recording disc which
can ensure, in principle,.the compatibility with the CD-ROM or CD-R.

Research and development activities for such a rewritable

compact disc, using the phase-change optical recording medium, are

reported, for example, in the following reﬁéréLigé;ifﬁﬁﬁééééihgs of

the 4th Symposium on Phase-Change Recording":pﬁ70 (1992), Fufuya et



the |ight absorbing performance of the recording |ayer tends to be
decreased, while when the thickness is nore than 100 nm there is a

t endency t hat uni form phase change is difficult to be carried out at hlgh
speed in the recording |ayer. Furt ferfrsre, when initial properties

such as jitter value, overwiting grogertles and nmass production efficiency
are takenliht bPropeedinasi of, the AFEhpS¥mEPaBIE PRaFNERE-CRPRRReSSCOF RS "

recordi ng Lgygr 988, inst eorgggglof 1§rgg 3aiRBs of thiNar@bayRpBRALKORRd
recordlng can’ be fornmed by vacuum ep03|t|on sputterlng, pl asma

chemi cal PNa@eFCldep@smemn;d:m@'t @clseni(¢ab2y apkawaepslsi tdton ) . i odept afi Aprdr
el ectron_beam deposition _ng d. O these nethods, the sputtering t S
t he nDstP58§ang éiaé56v8r g?%er neﬁﬁBgé Fh Bdris 6f OFFEHGEERV° ytg%d%&he
fil mquakj ﬁ?ﬁo@iuﬁlk@n My i dYoh A Py e U AIPd p. 9 (1998¢, fYsséaansk sacondnd
‘dielectricC Tayers and 4 work as protective | ayers. Speci fic exanmpl es

of the nBPeetabdingsusé thet hehf PyBPosAdms eBoRB2gReCEENL’C Rﬁ&;@éﬂéﬂ@ aid 24
are metallhgoxigdes guch as $hO PLASLE] tA0Qverall performance of the

rewritable compact discs reported in these references is satisfactory,
for instance, in view of the drawbacks with respect to the
compatibilities with CD-ROM and CD-R, recording and erasing
performance, recording sensitivity, permissible repetition number
of overwriting operations, permissible repetition number of
reproducing operations, and shelf stability. These drawbacks are
mainly ascribed to low erasability caused by the composition and
structure of a recording material employed in each compact disc.

Under such present circumstances, there is increasingly demanded

Hh

or development cf a phase-change recording material with high

)

erasability and high recording and erasing sensitivities, and also

(

I-h

Q

3

develcpment of a phase-change rewritable compact disc with
excellent overall performance.

To meet this demand, the inventors of the present invention have
discovered and proposed Ag-In-Sb-Te based recording materials, for
example, as disclcsed in Japanese Laid-Open Patent Applications
4-78031 and 4-123551; Jpn. J. Appl. Phys. 31 (1992) 461, H. Iwasaki
et al.; "Proceedings of the 3rd Symposium on Phase-Change Recording"
p.102 (1991), Ide et al.; and Jpn. J. Appl. Phys. 32 (1993) 5241,
H. Iwasaki et al.

In October of 1996, “Compact Disc Rewritable PART III: CD-RW

Version 1.0”, which is generally called “Orange Book”, was issued

[\]

s the standards for the rewritable compact disc (CD-RW).
Furthermore, special attention has been paid to a digital video
disc (DVD) and a DVD-RAM as the major optlcal recordlng medla for

Lo

the coming century. As a matter of course, the aforemen_ﬂéned

rewritable compact disc is required to have reproduction’



Sngerr], Alferr]Jerr], Tigerr], Inferr]Jerr], MO and ZrQ2; nitrides

such as Si[err]NJerr], AN, TiN, BN and ZrN. sul fides such as ZnS,

Inf[err]S[err] and TaS[err]; carbides such as SiC, TaC, B[err]C, WC TiC and

ZrC, carbon with a dianond structure; an® i xtures t her eof . Furt her,

those dielectric |ayers, may further conprise an inpurity when necgsgary, or
[

. ( y
each di eFERFFEPIEYEY Wy bEN®f DU mul HAWR BT aye &F 1 2ct 1972 1 Hrobi HRY t hat

the mel tingy POt {tSal CD-RW do not exhibit any sufficient refZdctanek bhe
first and second dielectric layers 2 and 4 are required to be higher than

that of mdduiztionlidegtesered a wavelength of 650 nm which corresponds to
a reproduction wavelength of the DVD, so that the conventional CD-RW
do not have sufficient signal characteristics for use in practice.

The above-mentioned standard book “Compact Disc Rewritable PART
III: CD-RW Version 1.0” describes the standards for the rewritable
compact disc for 2x nominal CD speed (2.4 to 2.8 m/s). However, a
long recording time is required at such a low linear speed, so that
a demand for a rewritable compact disc capable of performing high
speed recording has been increased.

In accordance with the development of the CD-RW, drive systems
for the CD-RW have also been actively developed, and mafching tests
between the CD-RW and the drive systems therefor have been made. The
results of such matching tests indicate that in some drive systems,
errors increasingly occur at the reproduction at 6x nominal CD speed
or more (7.2 m/s or more), so that it has been confirmed that such
high linear speed reproduction is difficult to perform by such drive
systems. Furthermore, it is confirméd that in some drive systems,
an optimum recording light power for the CD-RW canﬁot be determined
by an "Optimum Power Control proéedure" (hereinafter referred to as
OPC procedure) which is defined in the aforementioned “Compact Disc
Rewritable PART III: CD-RW Version 1.0”.

The phase-change optical recording medium such as the CD-RW is
initialized in the course of the manufacturing thereof, with a
recording layer of the recording medium being crystallized, using
an initializing apparatus. The initialized state of the recording
layer has a significantly sensitive effect on the overwriting
performance of the recording medium. The initialized state also
significantly depends upon the initializing apparatus employed. 1In
order to control the initialized state of each recording medium, it

is necessary that the initializing apparatus be traced and identified

A

with each recording medium. However, a system for .performing such

trace control has not yet been developedi



The first and second dielectric layers 2 and 4 for use in the present

i nvention can be provided by vacuum deposition, sputtering, plasnma chenical
vapor deposition, photochen cal vapor deposition, ion plating or electron
beam deposi ti on nethod. O these nethods; the sputtering nmethod is the nost
advant ageous over other methods in terns of the productivity and the film
qual ity of th&PoBWaigefangyjedswith thepnbandecsosahpt edeht sluahhesf iaist st

second disel.ectri.c..lLa 2 d ti-l r type. . .The
b cknesSoer Ry PEr SEESsEiBR of TRE, 27 St duB beick MRS U e cr o fin e
groove r @ffl et antekesf plbeel i ghtl crawv iyl deragebedgtisod taHRipe thdistlt s dor

duci i gnals recorded in the DVD. Fig. 4 is a graph which shows
that, |no% PRGSE hange 6PEreaP PEEcr AEAGREE SHPEBRPFF RGNS BipeLis made

di el ectricg F@%gﬁaﬂbbhaﬁeteifagﬁév§ufﬁg@g O Sy éiﬁ&%§£&¥ﬂ&héé@“§ﬁﬁ@éﬁé€%

t hi ckness o nm a second dielectric layer with a thickness of 30 nn1apd
a refractisveiPadeko ofemoe sunh dllntghberefiront wdohhaadched, dilssipatiare of

L2Xg:d¥Lgﬂﬁga%E%$§Q%§sogft%éocgqhwhgg %E%a%%%%%? Lol 8L3nce Of &y that
recording and reproduction cannot be performed any longer due to the
scratches formed on the surface of the substrate. To avoid such a
problem, it is proposed to provide a hard coat layer such as an
ultraviolet-curing resin layer on a non-grooved surface of the
substrate, that is, a mirror surface of the substrate. Such a
UV-curing resin layer has already been used in the magneto-optical
recording disc. However, the coating of the UV-curing resin needs
an extremely delicate coating technique, starting from a
predetermined position in an extremely narrow area from a molding
mark formed on the substrate by injection molding to an innermost
groove edge on the substrate. Such delicate coating technique has
not ever been applied to the fabrication of a comme;cially available
phase-change optical recording medium. This is because uneven
coating of the hard coat layer, nomatter how the unevenness is slight,
inevitably causes improper initialization of the recording medium.

Generally, the innermost groove edge is concentrically located
at a distance of 22 mm from the center of the disc in the optical
recording disc such as CD-RW, while in the magneto-optical recording
disc, the innermost groove edge is located at a distance.of 25 mm
or more from the center thereof, so that the innermost groove edge
of the optical recording disc is closer by 2 mm or more to the injection
molding mark of the substrate than the innermost groove edge of the
magneto-optical recording disc. Therefore, in the case of the
phase-change optical recording disc, it is extremely difficult to
providethetﬂhcmringresinlayercnlthesubstratetherepfwithstable

reproducibility.




depends upon the thickness of the first dielectric |ayer. Wth
reference to Fig. 4, in order to obtain a groove reflectance of 0.15 to
0.25 which is standardi zed for CD-RW using a reproduction beamwith a
wavel ength of 780 nm and a repr oducti on"b8am with a wavel engt h of 650 nm
it isrequired that the thickness of the first dielectric |ayer 2 be

adj ust edtSFAFRANA Farre bF eNYonuBONHR Y FRewRrtoj X3 iduirt (KBUHEEH: a
groove r .ch j S 1 Ci-€

oy act e AR PPkt &8, (US| RS AR MACA R oAl |
desi r abl @i 4o wvadjdrsicanheethirekiyesasatet tiee faangda witel eict y iwci Hraypére CO-R10andor
| ess. Furh@génnre, in order to oQ%ain t he. above-nentioned suffi

( cient
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nm U o esi 490 e 4ROl US) oL sl MGKNGSS Lo NSrbitabadi el ectric | ayer

to 80 nmor nore. In view of the above-mentioned anal ytical results,

Y OF THE NTION

Accordingly, a first object of the present invention is to
provide a phase-change optical recording medium free from the
above-mentioned conventional drawbacks, which can be easily handled,
and exhibit complete reproduction compatibility with the DVD, and
excellent overall characteristics in a linear speed range of 1.2 to
5.6 m/s.

A second object of the present invention is to provide a
phase-change optical recording medium which is capable of performing
high speed reproduction with complete reproduction compatibility with
the DVD.

A third object of the present invention is to provide a
phase-change optical recording medium which does pot perform
erroneous operation even when an optimum recording power for the
medium cannot be found.

A fourth object'of the present invention is to provide a
phase-change optical recording medium with an accurate optimum
recording power, a2 minimum variation in the reflectivity caused by
overwriting, stable tracking by a pickup device, complete
reproduction compatibility with the DVD, and excellent overall
characteristics in a linear speed range of 1.2 to 5.6 m/s.

A fifth object of the present invention is to provide a
phase-change optical recording medium with excellent traceability
of an initializing apparatus used to initialize the recording medium
in order to facilitate the control of the initialization.

A sixth object of the present invention is to pr

phase-change optical recording medium with eXdéIiénE

of an initializing apparatus used to initialize thekngcordingjnedium



- .24 -, an optinmumthickness of the first dielectric layer is considered to
be in a range of 80 to 110 nmin order to obtain sufficient signal
characteristics, using the reproduction beamw th a wavel ength of 650 nm
and the reproduction beamw th a mavelen@t% of 780 nm It is
preferabl e that the thickness of the second dielectric |ayer 4 be in the
range of 1B50rgeAstamiemddd tgiter dhgpiopntiodnety hge IoH tig iz Moiaim WiHdiPYthe
t hi cknes f n i el IC 5 5l B85S g it

di el ectr ?le g)%g?s%%ggego‘%o% gl%trr fs Sec%%llgtmf&\gellsff wor Otr{(:lgd]fa eé;?-r}legs}%s lanlgl;ﬁj
pr ot ect i eppkapsns and ekditdonradi mpssensi ttihe topuwfsd hef rdoorabimgeaiedfinthe

ends ol aveted L e e Ll aKnese, o S eeeond BB S

| ayer 4 s nore
peel ed ottheviiem, and excellent overall characteristics in a linear speed range

of 1.2 to 5.6 m/s.

A seventh object of the present invention is to provide a
phase-change optical recording medium with a hard coat layer which
can be stably manufactured with an improved yield, which is resistant
to scratches, and with complete reproduction compatibility with the
DVD, and excellent overall characteristics in a linear speed range
of 1.2 to 5.6 m/s.

An eighth object of the present invention is to provide a
phase-change optical recording medium which can be uSed in both a
2% nominal CD speed mode and a 4x nominal CD speed mode.

A ninth object of the present invention is to provide a
phase-change optical recording medium capable of high speed
reproduction.

The first object of the present invention can be achieved by
an optical recording medium capable of recording and erasing
information, ccmprising:

a substrate, a first dielectric layer, a recording layer, a second
dielectric layer, a light reflection and heat dissipatioh layer, and
- an overcoat layer, the first dielectric layer, the recording layer,
theseconddielectriclayer,thelightreflectionandheatdissipation
layer, and the overcoat layer being successively overlaid on the
substrate, the recording layeg (1) comprising a phase-change
recording material which comprises as constituent elements Ag, In,
Sb, Te, and N and/or O with the respective atomic % thereof being
o, B, v, d and € (the total atomic % of N and/or 0), which are in the
relationship of:
0 < a £ 6,

3<psas, | . "|EPCACEMENT SHEET

N YOS Xy Y PU

50 <y < 65, | o 29 JAN 1999




used at a so-called low linear speed in the range of 1.2 to 5.6 nls and
accordingly the recording repetition performance tends to be | owered.

Speci fic exanples of the material for the_light reflection and heat

di ssipation layer 5 are netals such as Al 10ag, Ag, Cu and Ta, and alloys
thereof. The light reflection and heat dissipation |layer 5 may further
conpri se ot heOaddftfohal el enents such as Cr, Ti, Si, Cu, Ag, Pd and Ta.
The light reflection and heat d|SS|pat|on Iayer 5 can be 8rOV|ded by vacuum

deposi ti on, sﬁugt%ﬁiﬁg,PEPHéﬁﬁdchéﬁrdér*JhﬁoW H dsﬁtroho pH@W%cﬁ@mhﬁﬁl?%
d 3 t hod
P or of ePatro P Rep AR By delle- S it o1 1 1R g?,%% 2 i16h e isa0f 2-5 €

di ssi pat ibeR mayer 5 be in the range of 70 to 180 nm nore preferably in the
range of 100 al so preferable that an qvercoat |ayer 6

for preventing 8xF88PP8n°8?eFﬁeOF b%? RPEFTRRY i OH UM PR 4121 RS i35t 1 BT

5 be the above-mentioned optical recording medium in which the recording
medium has a groove reflectance of 0.18 or more with respect to both
of a reproduction light having a wavelength of 780 15 nm and a
reproduction light having a wavelength of 640 +15 nm.

The third object of the present invention can be achieved By
the above-mentioned optical recording medium in which the substrate
bears an Absolute Time in Pre-groove data (ATIP data) including a
predetermined optimum recording power for the optical recording
medium. _

The fourth object of the present invention can be achieved by
the above-mentioned optical recording medium in which the recording
layer has a groove reflectance of 95% or more of a saturated groove
reflectance thereof when the phase-change recording material is
crystallized for initialization of the recording medium.

The fifth object of the present invention can be achieved by
the above-mentioned optical recording medium in which the recording
layer carries thereon an identification information for identifying
an initializing apparatus used to initialize the recording medium,
using an initialization light having a predetermined initializing
power.

The sixth object of the present invention can be achieved by
the above-mentioned optical recording medium in which the
identification information is written in the form of a mark on a
non-grooved surface of the substrate, using & light beam which is
obtained by modulating the initializing power of the initialization
light.

The seventh object of the present 1nventlon can be achleved by
the above-mentioned optical recordlnglnedluntwhlch further comprlses

a hard coat layer which is provided on a non- grooved-surface of the



provided on the light reflection and heat di ssi pation layer 5. As the
overcoat |layer 6, an ultraviolet-curing resin |ayer which is prepared by

spin coating is in general use. ' I t |s preferable that the thickness of
the overcoat |layer 6 be in the range of 77- 1do-15 [err]m Wien the thickness
|l ess than 7 [err]m - 25 -

operatloﬁuéﬁwéﬁ eteﬁﬂopéléécﬁp ther éagisiigld edisert £ cprliameitng itdy erespecy to
overlai digp theseygrgoat |ayer 6, while when the thickness is nore than 15
pm the internal stress of the overcoat |ayer 6 increases,

In the above-mentioned optical recording medium, it is

| preferable that the hard coat layer have a thickness of 2 to 6 um
and a pencil hardness of H or more.
further, in the above-mentioned optical recording medium, it
is preferable that the hard coat layer comprise a cured UV-curing
resin which has a viscosity of 40 cps or more at room temperature
before cured.
The eighth object of the presént invention can be achieved by
- amethod of recording information in a phase-change optical recording
medium capable of recording information at a linear speed in a range
of 2.4 to 5.6 m/s, and erasing recorded information therefrom, and
as the phase-change optical recording medium, the above-mentioned
optical recording medium of the present invention can be employed.
The ninth object of the present invention can be achieved by
amethodofxeproducinginformationrecordedleaphase-changeoptical
recording medium capablée of reproducing recorded information
therefrom by controlling a reproduction light power of a reproduction
light for reproducing recorded information in acéordance with a
reproduction linear speed, and as the phase-change optical recording
medium, the above-mentioned optical recording medium of the present

invention can be employed.

RIEF DF TION OF THE DRAWINGS
A more complete appreciation of the invention and many of the
attendant advantages thereof will be readily obtained as the same
becomes better understood by reference to the following detailed
description when considered in connection with the accompanying
drawings, wherein:
Fig. 1 is a schematic cross-sectional view of an example of a

phase-change optical recording medium of the~present ir

n%}on
Fig. 2 is a graph showing the relatlonshlpubetweenmthe'atomlc %

of Te in a phase-change recording material’ of a quaternary system



so- that the overcoat |layer 6 tends to have | arge adverse effects on the
mechani cal properties of the recordi ng medi um A hard coat |ayer 8 may
be provided on the non-grooved side of the substrate 1. The hard coat

| ayer 8 is generally formed by subjectiﬁglé OV-curing resin to spin

coati ng. |s referable that the thickness of the hard coat |ayer 8
be in thef er&]gTe"’ IR 076 B ORRER NOhé Y AT cRAGsEN STPt e haeg arsting Lapenrs

is | ess r L f i d,
whi |6 whenc e B Bhasss e R e ST S PR G md S16 o e LAY RS
i nt ernal retoedsnofléherhard coat |ayer 8 increases, so that the hard coat

I 8 tends to ve | arge adverse effects on the nechanpi.cal propertles of
tﬁge;ecordl ngt h8 dlhg sty TRt oY gf’éf ?‘ab‘i’%‘“f‘ﬂ%ﬁ qq’ﬁesﬂﬁfr‘g Mo &CHEAFIL Y h&ve

a penci | thardosasaot bk ok RBLEivhbheWohgl PERCi bpbandnessiohhe gurface of
t he hard coat Iayer 8 is seriously scratched even when rubbed with a cloth.
When Fig. 4 is a graph which shows the relatlonshlp between the

thickness of a first dielectric layer of a phase-change optical
recording medium of the present invention and the reflectance of a
groove portion thereof.

Fig. 5 is a schematic front view of a phase-change optical °
recording medium of the present invention in explanation of a coating
starting position for the formation of a hard coat layer.

Fig. 6A is a graph showing the relationship between a light power
for initializing a recording medium and a groove reflectance thereof.

Fig. 6B is a graph showing the relationship between a moving
speed of a light-application means over a recording medium during
an initializing step and a groove reflectance thereof.

Fig. 6C is a graph showing the relationship between a linear
speed of a recording medium during the initializing step and the groove
reflectance thereof. |

Fig. 7 is a schematic front view of a phase-change optical
recording medium of the present invention in explanation of a mark
for identifying an initializing apparatus employed at the
initializing step.

Figs. 8A and 8B are graphs which respectively show a writing
strategy for 2x ncminal CD speed and that for 4x nominal CD speed.

_ Fig. 9 is a graph showing the relationship between the linear
speed of a phase-change optical recording disc at the application
of a light beam thereto and the groove reflectance thereof after the

application of the lightfbeam.

- IPTION OF TH . 5
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The optical recording medium of the present invertion comprises

a substrate on which a first dielectric layer,'é-récbrdihg layer,.



necessary, an el ectroconductive material may be contained in the hard coat
|'ayer '8 to make the hard coat layer 8 antistatic so as to effectively
prevent dirt or the like fromelectrostatically adhering thereto. I t
is preferable that the UV-curing resin fof3uze in the hard coat | ayer 8
have a viscosity of 40 cps or nore at roomtenperature in order to contro
a coati my mng oH elesrtatior Laver hiegh ighécrsifascai@nhigh heptoddssSBPPILYD
wher eby d f_th o} y u : ROS .t k- @N
R L i T A I L T AL R ey
cent er ofe@orkisitg abagdoWIl | ncdgriSing a plkage-8hesga sehemding fnagetr eilew
of a phase:-change opti cal recording di sc of th?ﬁfr sen ingenti%g i{iew%%
froma nORtgR CORTF T 8§28 S0FORSEUbYERht R SPRA DAY “ex%Pan §1 GNP RS9
coating af&m Haide clt}éycjierpca’%onk IN&h §he A% sPROM ¥ altickhi B¢ ithelRRf being

phase- change, optica
a, B, v, d and ¢ (the total atomic % of the nitrogen atom and/or oxygen

atom), which are in the relationship of:
0 < o £ 6,
3<B <15,

50

IA

Yy £ 65,

20 < 8

IA
IA

35,

0 £g<£5, provided that a + p +y + 3 + € = 100, and (2) having
a redrystallization upper-limit linear speed in a range of 2.5 to
5.0 m/s.

The above-mentioned "recrystallization upper—limit-linear
speed" of the reéording layer of the optical recording medium of the
present invention means an upper limit linear speed of a light beam
which scans the recording layer at which the recording layer can be
recrystallized after being fused with the application of the light
beam thereto, and then cooled and recrystallized.

In the above, as the light beam is used a semiconductor laser
beam which is similar to that of a semiconductor laser mounted in
2 writer for the recording medium.

- The above-mentioned "recrystallization upper-limit linear
speed"” of the recording layer of the optical recording medium is a
novel value for characterizing the recording medium, which was
discovered by the inventors of the present invention. _

The "recrystallization upper-limit linear speed" of the
recording layer can be determined from the dependency of the
reflectance of a groove portion or a land portion of the recording
~layer of the optical recording medium on the liﬁé§53$pee@fﬁﬁﬁEh§i
recording medium under the exposure to the ligbt-géémf”bf'ﬁpén;gﬁe
linear speed of the light beam which scans thé ieééfdiﬁ@ Iayer.f

Fig. S8 is a graph which shows the relationship-between (a)'the



recordi ng disc of the present invention, there are formed a stack

- 26 - ring 12, and an injection nolding mark 13 which is concentrically
formed at a distance of 20 mmfromthe center of the disc in the course of
preparation of the substrate by injection hblding. Ref erence nuneral 11
indicates a recording area. On the opposite side of the substrate there is
provi ded 1a”§331? éf’lpe@rdo@\f‘ea mhaﬁetﬁbalﬁ@@cﬁmlix@ahrmqlldllw]c!ﬂltsme imtibenoshrse

' rom (e SeRTEr S kS RIS £ edordet Rafh ol EhEVERagcsn

t he non- change optlcal recordlng disc and (b) the reflectance of a groove
of the recording disc irradiated with the light beam. .As shown in
Fig. 9, in the course of increasing the linear speed of the optieal
recording medium, the reflectance of the groove begins to suddenly
drop at a certain linear speed. This linear speed is defined as the

- above-mentioned "recrystallization upper-limit linear speed” of the -

recording layer. In Fig. 9, the "recrystallization upper-limit
linear speed" of the recording layer is 3.5 m/s.

Even though the wavelengtﬁ of the light beam scanning the
recording medium is the same, the "recrystallization upper-limit
linear speed" of the recording layer slightly varies depending on
the power and the diameter of the light beam employed. For instance,
when a laser beam with a wavelength of 780 nm is applied, using a
pickup tube with a nﬁmerical aperture (NA) of 0.5, to a phase-chan@e
optical recording disc, a maximum variation of the "recrystallization
upper-limit linear speed" of the recording layer is about *0.5 m/s.

The performance of the phase-change optical recording medium
depends upon the "recrystallization upper-limit liﬁear speed" of the
recording layer. |

When the "recrystallization upper-limit linear speed" of the
recording layer is less than 2.5 m/s, the phase-change optical
recording medium ‘is not suitable for use in practice, since the
recrystallization of the recording layer cannot be carried out at
high linear speed, so that too much time is required to initialize
the recording medium. Furthermore, when recording is performed in
such recording medium at 4x nominal CD speed, the erasing operation
cannot be perfectly carried out. On the other hand, when the
"recrystallization upper-limit linear speed" of the recording layer -
exceeds 5.0 m/s, the recording layer cannot assume a complete

amorphous state when information is wrlttensthereln

satisfactory signal properties cannot be ebtalﬁed‘“

To control the "recrystallization upper “limit- llnear speed" of




grooved side of the substrate 1, therefore, the spin coating of the
W-curing resin on the non-grooved side of the substrate 1 is required to
start froma position in an area between the injection nolding mark 13 and
the i nnernost groove edge 15. Furt Herl® a5 above expl ained, the initial

crystalline state of the recording | ayer depends on the initializing
appar at u r}lfrrﬁecﬁpédjﬁnr? iy o s SRFCkTHed dbt ithR iRFE DTNt hinverbiemngit is
medi um PrRHeife that Y ghekablg - r h % i
initializing appaf%tug IS eﬁp?oyeg ?%geﬁﬁﬁﬁﬁé |g?%érggégfg%%ggf%Eqﬁgﬁgﬁﬁg%n
t he substimasechna trienrootitd@ tot heheermpd t Bth & 1 JW tHiceBubkBrbResSi §asds axuUghe@
mark may be forned at an inner side of the innernost groove edge 15.

Fig. 7 i%ha lse(?r?fer‘f‘ﬁ’ﬁ“c_tfl"reoriftl_liﬁte\ﬁ‘i(ﬁl%W&sé—&yﬁaﬁwgéhﬁ)tﬁwrdi@w)rkﬁmnetlﬁl@m
of the pr&eseig id1eeRdn ¢ !??@%9 thami ﬁtn?3§%£89¥8§ ?ﬁgehégtté¥%s%PaE¥ﬁp
n o e nark Tor 9

substrate, in explanation of ‘the positi recognizi
initialiZianprappar athes ovasy csteawl dyerFiage Bucients ivaipr kovdr 161 d asrethe

bet ween the i.njecti.on nuol ding, mark 13 and the i nnernost groove edge 15. In
sibstHa5% W%pamtﬂe temperature o% the sub%trate

such a case,” the stlélrlttThnlgs r?&g\etri'on

exceeds 80°C, the dielectric layer and/or the recording layer is

partially crystallized in the course of formation thereof, so that
the desired "rec;ystalli—zation upper-limit linear speed" of the
recording layer cannot be obtained, or it becomes difficult to find
the linear speed at which the groove reflectance sﬁddenly drops as
illustrated in Fig. 9.

Furthermore, the film-forming speed for the recording layer
affects the "recrystallization upper-limit linear speed" of the
recording layer, although its mechanism is unknown. As the film-
forming speed for the recording layer is decreased, the
"recrystallization upper-limit linear speed" of the recording layer
is decreased. In order to obtain the desired "recrystallization
upper-limit linear speed" of the recording layer, it is preferable
that the film-forming speed for the recording layer be adjusted to
2 to 30 nm/s. When the film-forming speed for the recording layer
is less than 2 nm/s, the "recrystallization upper-limit linear speed”
of the recording layer is decreased to less than 2 m/s, while when
the film-forming speed for the recdrding layer is more than 30 nm/s,
the "recrystallization upper—limit linear speed" of the recording
layer exceeds 5 m/s. |

When the recording layer is not sufficiently heated to a
temperature higher than the melting point thereof by the application
of a light beam thereto, or when‘the recrystallization takes place

too quickly after the recording layer is fused}tthe;efisuawcasewwhere

it is difficult to find the linear speed at Mﬁﬁehﬁfﬁéféfg

o

reflectance suddenly drops as shown in Fig. 9 alfzthfodgbjth;e; c_onipos’iit;ion
©of the recording layer is the same as that spécified_ig_thg pie%ent
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whi ch the spin coating of the UV-curing resinis initiated for the
formation of the hard coat layer 8 is required to be positioned with
extrenely high accuracy, because the space for setting the starting
position is further limted. In this sersé® the viscosity of a resin for
use in the hard coat | ayer 8 for instance, the viscosity of the UV-curing
resin, iSTSYEmdly Fifor fafhows a SAHEBREAEr 6IREGNEECE ipReds ViGW @fe am

the g;ref)%gw(}l\]éte@f Uhe YA b A AAA Y AU P SGLA NG APVES

recor di ngher ppeeduti inyvemidi @ asiOngaopdssit fans 1 & beheywiade berceviglsoyed there
are successively overlaid a first diele;tric layer 2, a recording
layer 3, a second dielectric layer 4, a light reflection and heat
dissipation layer 5, and an overcoat layer 6. Further, as shown in
Fig. 1, a printing layer 7 may be overlaid on the overcoat layer 6,
and a hard coat layer 8 may also be provided on a non-grooved side
of the substrate 1, opposite to the first dielectric layer 2 with
respect to the substrate 1.

In the phase-change optical recording medium of the present
invention, as the material for the substrate 1, glass, ceramic
materials and resins can be used. In particular, the resin substrate
is advantageous over other substrates from the viewpoints of
manufacturing cost and molding facility.

Examples of the resin serving as the material for the substrate
1 include polycarbonate resin, acrylic resin, epoxy resin,
polystyrene resin, acrylonitrile - styrene copolymer resin,

~polypropylene resin, silicone resin, fluoroplastics, ABS resin and

urethane resin. Of these resins, polycarbonate resin and acrylic
resin are preferably employed for the substrate 1 because of their
easy processing properties, optical properties and the manufacturing
cost. The substrate 1 may be prepared in the form of a disc, card
or sheet. |

When the phase-change optical recording medium of the present
invention is applied to a rewritable compact disc (CD-RW), it is
desirable that the substrate 1 have a guide groove with a width of
0.25 to 0.65 pm, preferably 0.30 to 0.55 pm, and a depth of 250 to
650 A, preferably 300 to 550 A.

There is no particular restriction to the thickness of the
substrate 1, but it is preferable that the substrate have a-thlckness

in the range of 1.2 mm or 0.6 mm.

As the phase-change recording materlal ﬂor“the reCBgdlhg*layer

3, a material of a quaternary system of Ag Im-Sb .Te. is.. preferable,
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| aser beans, electron rays, X-rays, ultraviolet rays, visible rays,
infrared rays, and mcrowave. O these electromagnetic waves,
sem conductor | aser beans are consi dered m)st appropriate for use in the
present invention because a sem conduct or Yaser for produci ng sem conduct or
| aser beans is conpact in size. As nentioned above, drive systens for
t he CD- RAPB&SBYbEER §€it|1@éllyrﬁ§\¢éldéﬁédnﬁﬁd%ﬁfo®m1@ﬁq{gt tiestenthigde been

conduct ed {Jge?v%t}ug%glk %h'r'%%o%%%fets'e%%ltﬁﬁ at% aclr]fgo riye

syst ens there a resul’t, it has en con Wi ng’
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device perfornms a seek operation by crossing the program area in order
crystalline phase; and high erasability.

The Ag-In-Sb-Te quaternary system has an optimum recording
linear speed which depends upon the composition of the quaternary
system. Therefore, it is necessary to appropriately adjust the
composition of the quaternary systemof Ag, In, Sb and Te in accordance
with a desired recording linear speed and a desired linear speed range.

It has been confirmed that in a recording medium with an Ag-In-Sb-Te
recording layer, the composition ratio of Te in the recording layer
is mutually related to the optimum recording linear speed of the
recording medium.

Fig. 2 is a graph showing the relationship between the atomic %
of Te in a phase-change recording material of a quaternary system
of Ag-In-Sb-Te in a recording layer and the optimal recording linear
speed of a phase—change optical disc recording medium comprising the
recording layer. .

The phase-change optical disc recording medium has a similar
layered structure to that shown in Fig. 1, provided that the printing
layer 7 is not provided, namely, comprising a hard coat iayer 8 having
a thickness in a:range of 3 to 5 pm, a substrate 1 having a thickness
of 1.2 mm, a first dielectric layer 2 having a thickness of 100 nm,
a Ag-In-Sb-Te recording layer 2 having a thickness of 25 nm, a second
dielectric layer 4 having a thickness of 30 nm, a light reflection
and heat dissipation layer 5 composed of a metal or an alloy having

a thickness of 140 nm, and an overcoat layer 6 composed of a UV cured

resin having a thickness of 8 to 10 um.

T.gh;.beam w1th a

/

The recording was carried out by applyg_w'i
wavelength (&) of 780 nm to the recording medlumhﬂw;th the HUmerlcal

aperture value (NA) of a pickup tube being set at 0 5 w1th an Eight

to Fourteen Modulation (EFM) system, and the recordlng pulse was



to wite the "Lead-1n" and "Lead-Qut" signals, the pick-up device cannot

| ocate a necessary pickup position. (2) The precision for determ ning an
opti mal recording power for the enployed . recording disc is so poor that in
sone cases, no optimal recording power Camfot” be determined. (3) Errors
|ncrea5|ngly occur_ when reproducing operation is carried out at a |inear
speed as IFit§ETAHeGx ASnSRANNCDNspé8d ér hpracepr@ange whih %ﬁen%¢%§te9y as

The aboveyeaisanedsPERbhairlcias Jowadla e L£aused by L nselLl £l enta sy

| mpr.oper |n|t|aI|zat|on of t recor I niti |za I'on o
the recoddighg lpayer,i $hiensufafsiecilentht tplwd%[,erah]d tthesr emfas PowEr easesl

Lhr OUQh § h%pre% et Ierlly set(:)fatt ?S (eqvervwv& le mW. The optimal recording linear
speed is defined as a linear speed at which a maximum permissible
repetition number of overwriting operations can be attained.

As shown in the graph in,Fig. 2, there.is a high correlation
between the optimal recording linear speed of thé recording medium
and the composition ratio of Te (atomic % of Te) in the Ag-In-Sb-Te
recording layer 2 with a coefficient of correlation (R?*) of 0.9133.
When the above results and an experimental error of *1 atom.$% taken
into consideration in view of the graph in Fig. 2, it is considered
that the atomic % of Te in the composition of the recording material
is 35 atom.% or less, no matter how slow the recording linear speed
is, that is, at 0 m/s. Furthermore, in order to obtain a phase-change
optical recording disc which can cope with a linear speed of 1x, 2x,
4x and 8x nominal CD speed, the preferable atomic % of Te in the

composition of the recording material is considered to be as follows:

_TABLE 1
Desired Linear Speed Preferable
Amount of Te
(atom. %)
1x nominal CD speed (1.2 to 1.4 m/s) about 33
2x nominal CD speed (2.4 to 2.8 m/s) about 30
4x nominal CD speed (4.8 to 5.6 m/s) about 27
8x nominal CD speed (9.6 to 11.2 m/s) about 20

} I

, .-

In the Ag-In-Sb-Te based recording layerp ‘the comp051t”:m ratio
of each element affects the preservation rellhblllty of. ‘the! obtalned

recording medium. : ; P i

To be more specific, when the atomic %“bf"theweiemen;NAg in the

composition of the recording material exceeds 6 atom.$%, the



operation. As a result, a push-pull naghitude and a radial contrast of the
recording |l ayer are decreased to such an extent that the
-28- tracking operation of the pick-up deyjce becones unstable and

accurate seek cannot be perforned. rthernore, when the
push-pul | signals and Rf

i gnal s SR ST HER, © LS P RYSTHEL1RASRERG RIFESEY the BPCPRE S chAbLe-
devi ce beqamesyunshableiand &CGHERI R cording cannot be performed in several
years after the production of the recording medium.

When the atomic % of the element In exceeds 15 atom.%, the

archival life is reduced, whereas when the atomic % thereof is less
than 3 atom.%, the recording sénsitivity is decreased.

With respect to the element Sb, the greater the atomic % thereof,
the better the repetition performance of the overwriting operation.

However, when the atomic % of the element Sb exceeds 65 atom.$%, the
archival life.is decreased. ;

In order to prevent the reduction of fhe archival life, the
addition of nitrogen and/or oxygen atom to the composition of the
phase-change recording layer is very effective. By the addition of
N and/or O to the composition of the recording layer, an amorphous
mark can be stabilized. The mechanism of the above-mentioned
improvement in such disc characteristics caused by the addition of
a proper amount of nitrogen and/or oxygen to the composition of the
recording layer has not yet been clarified, but it is considered that
when a proper amount of nitrogen and/or oxygen is contained in the
recording layer, the density_of a recording layer‘is decreased and
minute voids are increased in the recording layer, whereby the
randomness of the recording layer is increased in terms of the
configuration. As aresult, the degree of order in the recording layer
is moderated in comparison with the case where nitrogen and/or oxygen
atom is not contained in the recording layer. Therefore, the
transition from the amorphous phase to the crystalline phase can be
restrained, so that the stability of the amorphous mark is increased
and the shelf life of the amorphous mark is improved.

When nitrogen and/or oxygen is contained in the recording layer,
it is conspicuously shown by an IR spectrum thereof that nitrogen
and/or oxygen is bonded to Te and/or Sb in the composition of the
recording layer. L

According to the present invention, thetotalatomlc ofbland/or

O in the composition of the recording layer is 5 atgmﬁ%_o; less. When



seek cannot be perforned. The aboveQnentioned problem (2) was found to
be caused because no optinal recording power was determned. This is
because when it was tried to determ ne thﬁgpgyinal recordi ng power, using

the OPC procedure, the nodul ati on degree

: ' d. It _was found that these problens were al so
G B R B e rens FRReraaL S 30 o TG B RaoPracer Che

recordin
caused b

S not saturated even when the

initializaldd¥ding layRfd &xedd Ous Sl @Sedd,! yRScHDuUNEhd hatyddalBization
preferable that in order to determne the optinmal recording power, the
i nitiali2ft tba mReeEing Ratverheegenes & ifdffi@bttanc@sof nemldpt kbel reeeodhag

medi um b

qfal%;é%’ Variy€ b%f s%fsﬂc%eef;[te_l. ) Vie<aJ¥J']ezfee|C ,Ctaarpé:e gggraér eiff%)‘/”:% ed

groove re

ectance neans a maxl nmum-gr.oove re ance. e Jgroove

refl ect ane@uafed5% or nore of the saturated groove refl ectance can be

obt ai ned

the initializi

by appropriately adjusting the initializing conditions, such as
Tﬁﬁ Bamépsze%h%n%w RN e 281 P i gHt: ¢¢ anitont iR aFRCHRENT

the recongiyrg mMRAIHAGU N the ddidd AdZih APLTRIVh gas with a

concentration of more than 0 to 10 mbl.% in the atmosphere of argon
when the recording layer is formed by sputtering. By use of a mixed
gas of N and/or O gas and argon gas in the course of the sputtering,
N and/or O can be effectively introduced into the recording layer.
The mixed gas for use in the sputtering step may be prepared by mixing
the nitrogen and/or oxygen gas and the argon gas in a predetermined
mixing ratio before the mixed gas is introduced into a sputter chamber.
Alternatively, the argon gas and the nitrogen and/or oxygen gas are
introduced into the sputter chamber with the respective flow rates
being controlled so as to obtain a desired molar ratio.

Furthermore, one of the advantages obtained by the introduction
of nitrogen and/or oxygen into the recording layer is that the
recrystallizationspeedorrateoftherecordinglayefcanberetarded,
whereby an optimum recrystallization speed of the recording layer
can be controlled. 1Inother words, the optimum recording linear speed
of the phase-change optical recording disc can be controlled simply
by adjusting the mixing ratio of nitrogen and/or oxygen gas/argon
gas in the sputtering atmosphere for the formation of the recording
layer by sputtering, even if the same target is used.

It is desirable that N and/or O be chemically bonded to at least
one element of Ag, In, Sb or Te in the recording layer. 1In particular,
when N and/or O is bonded to Te, for example, with the formation of
a Te-N bond, a Te-O bond or a Sb-Te-N bond, the permissible repetition
number of overwriting operations can be more effectively increased

than the case where N and/or O is chemically bonded to any

'pjgghe

other elements. - Such chemical bonding in the réépfding“iayer'ééﬁfbe
effectively analyzed by spectroscopic analysi% éuéhfas-Fouriérg

1



and the linear speed of the disc during the initializing operation as shown:
In the graphs in Figs. 6A, 6B and 6C. More specifically, Figs. 6A, 6B
and 6C show graphs which respectively indicate (a) the relationship between
t he groove refl ectance and the initialiiiﬁg-ﬁbmer applied to a recording

~disc, (b) the relationship between the groove refl ectance and the noving
speed gf'ﬁﬁﬁPﬁéiﬁﬁ-ﬁﬂﬁ%QQéﬁi?ﬂ?9ﬁﬁﬂﬁFQR&9 el ¥k BFhgl R st i h-¥ae
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In the present invention, the recording layer for use in the
phase-change optical recording medium may further comprise other
elements and impurities for further improvement of the performance
and the reliability thereof. For instance, such elements as B, N,
C, P and Si, disclosed in Japanese Patent Application 4-1488, and
other elements such as 0, S, Se, Al, Ti, V, Mn, Fe, Co, Ni, Cr, Cu,
Zn, Ga, Sn, Pd, Pt and Au may be contained as preferable elements
or impurities in the recording layer. '

In the present invention, the composition of the recording layer
for use in the phase-change optical recording medium is analyzed,
using the emission spectroscopic analysis. Not only the emission
spectroscopic analysis, but also X-raymicroanalysis, Rutherford back
scattering, Auger electron spectro-scopic analysis, and X-ray
fluorescence analysis can be employed to analyze the composition of
the recording layer. In such a case, however, it is necessary to
compare the analyzed composition with the composifion analyzed by
the emission spectroscopic énalysis. Generally, it is considered
that there is an analytic error of +5% when the composition is measured
by the emission spectroscopic analysis. In addition to the above,
mass spectrometric analysis, such as secondary ion mass spectrometric
analysis is oné of the effective methods of analyzing the composition
of the recording layer.

The X-ray diffraction or electron diffraction is appropriate
foranalyzingthestateofthenmterialintherecordinglayer. Namely,
when a spot pattern or a Debye-Scherrer ring pattern is observed in
the recording layer by the electron diffraction, the material in the
recording layer is considered be in a crystallin§;§}ape,Twh;le:yggn

R

a ring pattern or a halo pattern is observed théfJ

[

5 L S
in,. the material

in the recording layer is considered to be in énjamgiph@ﬁSgsﬁétei

The particle size of the crystallites in ﬁhéwrecording layer



- .29 - the light-application nmeans during the initializing operation, and
the optinmal |inear speed range of the disc during the initializing

operation can be determ ned so as to Obtaig the groove reflectance of 95%
.or nore of the saturated groove refl ect anéé. ~ In order to control the
initialized state of each initialized phase-change recording medium it is
necessar $3hRe tRESIMARESD FPEYIPREARER. aVSHed it TTHITLRY AR biiar atxm

and a spachhi¢ RAass: chandg -HeGOdirRe MRdidmdnaitlisald 2Rk by the
initializing apparatus be clarified in a plurality of “initializing
appar at us and Farghelser fot thetdrdlysts pifasdechhrysd cedcbeddaggnetithe of theor

(1, oL HsBaan 9, LhE gReLeSgRDthanee EacabaLY 208 AR it
to placetor ¢henseds bioaice rmef seach qxhabe-tdwngies Y £kl 1g o dicwda ipd ki dex
| dentl fyii?)gt%igereig(i);éfrllé Zlianygera,pg?lgalltyltjzsical methods such as FT-IR and XPS are
effective.
' It is preferable that the thicknéss of the recording layer be
in the range cf 10 to 100 nm, more preferably in the range of 15 to
50 nm. When the thickness of the recording layer is less than 10 nm,
the light absorbing performance of.the recording layer tends to be
decreased, while when the thickness is more than 100 nm, there is
a tendency that uniform phase change is difficult to be carried out
at high speed in the recording layer.

Furthermore, when initial properties such as jitter value,
overwriting properties and mass production efficiency are taken into
consideration, it is preferable that the thickness of the recording
layer be in the range of 15 to 35 nm.

The above-mentioned recording layer can be formed by vacuum
deposition, spﬁttering, plasma chemical vapor depbsition,
photochemical vapor deposition, ion plating or electron beam
deposition method. Of these methods, the sputtering method is the
most advantageous over other methods in terms of productivity and
the film quality of the recording layer obtained.

The first and second dielectric layers 2 and 4 work as protective

- layers.

Specific examples of the material for use in the first and second
dielectric layers 2 and 4 are metallic oxides such as $i0, $i0,, 2znoO,
Sn0,, Al,0;, TiO,, In,0,, MgO, and Zr0O,; nitrides such as Si,N,, AlN,
TiN, BN and ZrN; sulfides such as znS, In,S, and Tas,; carbides such

as SiC, TaC, B,C, WC, TiC and 2rC; carbon with'a'dialbHd:structure;

and mixtures thereof. Further, those dielectric,layers may further

comprise an impurity when necessary, or each dielectric layer may

be of a multiple-layered struqture,_providedfppat the méifihg péints



by which the phase-change recording mediumis initialized at the
initializing step. As nmentioned above with reference to Fig. 7, it is
preferable that the mark 16 be placed at 2 position inside the innernost
groove edge 15 by nodul ating the initiali 'r"n@ power. When a pI urality of

initializing apparatus (for instance, apparatus No, 1 to yed
to perfofin the ThT$tafPdi ARCEPer diPoRCFBAC pﬁagéréhanagdoﬁtﬁcﬁlrF@B&F&lng

di scs, a,ong; ol ed, JRI K gRY o ber Rut reeom@ngeﬁgpékng di sc whi ch has been
subj ected toTnitialization, using the initiralizing apparatus No. 1 at a

di stance of ZIhemfirsmame sermd dfeléwtsd,ayens & $ind dotfioad user ki hise
simlarl ut on the recordi ng disc sybj,ected to injtial.ization i t he
appar at ué {E)en% IS ar%?a%ﬁePr?Héa {jﬁ%y noEr™ ptoﬁelt&é)tng g Plrégseggngé
to the Nolaéhatbigeapparatisor depoé&t@bﬁatbM@tMchéh@camlba@bkzdépaﬁltlon,

startlng position on the recordlng di sc may be changed for eac
initial |-‘z@1hgf34'a?p‘b3a?%t% electrom rRemst AAROSikigr NgFhad | vOL ﬁﬁllesteh@etho‘js'
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pr edet er m ne
in terms of the productivity and the film quaTlty of the obtained

layers.

When necessary, each of the first and second dielectric layers
2 and 4 may be of a multi-layered type.

The thickness of the first dielectric layer 2 has a significant
effect on a groove reflectance of the light having a wavelength of
650 nm, which is for reproducing signals recorded in the DVD.

Fig. 4 is a graph which shows that, in a phase change optlcal
record1 ng medium comprising a first dielectric layer with a refractive
index of 2.0, a recording layer with a thickness of 25 nm, a second
dielectric layer with a thickness of 30 nm and a refractive index
of 2.0, and a light reflection and heat dissipation layer with a:
thickness of 140 nm, how the groove reflectance of the.recording medium
depends upon the thickness of the first dielectric layer.

With reference to Fig. 4, in order to obtain a groove reflectance
of 0.15 to 0.25 which is standardized for CD~RW, using a reproduction
beam with a wavelength of 780 nm and a reproduction beam with a
wavelength of 650 nm, it is required that the thickness of the first
dielectric layer 2 be adjustedwithin a range of 65 to 130 nm. Further,
in crder to obtain a groove reflectance of 0.18 or more which is
considered sufficient for use in practice, using the reproduction
beam with a wavelength of 650 nm, it is desirable to adjust the
thickness of the first dielectric layer toll0nmor less. Furthermore,

1norder1x>obtamqtheabove—mentlonedsuff1c1ent=-“&-"

using the reprocuction beam with a wavelength Q ;
desirable to adjust the thlckness of the flrst dlelectﬁlc 1ayer to

80 nm or more. In view of the above—mentloneq analyt&caluresults,



recordi ng power for each recording disc in order to cope with the case-
where the optimumrecordi ng power cannot be determ ned by the .

- 30 - OPC procedure. The above- nent%gned problem (3), that is, the
problemthat errors increasingly occur whe reprodFC|ng opeaatlon is
carried out at alin S eed as_6 n1na speed or nopre (1.e.
o s ot B, B3 RRRE o he s Hont: e lsi e T anas: Beprarisg s T
medi um i $d 655 4 hamd@ 8. 8dhecynaoVvemr ef sfaéec’@ooef;bw@nr§§9£@wgn€eghgma1

can be increased to 0.18 or nore, for exanple, (i) by increasing the
characteristics, using the reproductlon beam with a wavelength of

650 nm and the reproduction beam with a wavelength of 780 nm.

It is preferable that the thickness of the second dielectric
layer 4 be in the range of 15 to 45 nm, more preferably in the range
of 20 to 40 nm. When the thickness of the second dielectric layer
4 is less than 15 nm, the second dielectric layer 4 does not always
effectively work as a heat-resistant protective layer, and the
recording sensitivity of the recording medium tends to be lowered,
while when the thickness of the second dielectric layer 4 is more
than 45 nm, the second dielectric layer 4 tends to be peeled off when
used at a so-called low linear speed in the range of 1.2 to 5.6 m/s
and accordingly the recording repetition performance tends to be
lowered. _

Specific examples of the material for the light reflection and
heat dissipation layer 5 are metals such as Al, Au, Ag, Cu and Ta,
and alloys thereof. The light reflection and heat dissipation layer
5 may further comprise other additional elements such as Cr, Ti, Si,
Cu, Ag, Pd and Ta. .

The light reflection and heat dissipation layer 5 can be provided
by vacuum deposition, sputtering, plasma chemical vapor deposition,
photochemical vapor deposition, ion-plating or electron beam
éeposition method.

It is preferable that the thickness of the light reflection and
heat dissipation layer 5be in the range of 70 to 180 nm, more preferably
in the range of 100 to 160 nm.

It is also preferable that an overcoat layer 6 for preventing
oxidation of the light reflection and heat dissipation layer 5 be
provided on the light reflection and heat dissipation layer 5. As
the overcoat layer 6, aﬁ ultraviolet-curing resin layer which is
prepared by spin coating is in general use. o

It is preferable that the thickness of :he overcoéz

{Layen '6 be

in the range of 7 to 15 um When the thlckness is less than f um,
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subjecting a UV-curing resin to spin coating. '

It is preferable that the thickness of the hard coat layer 8
be in the range cf 2 to 6 pm. When the fhickness of the hard coat
layer 8 is less than 2 um, the scratch resistance thereof tends to
be lowered, while when the thickness of the hard coat layer 8 is more
than 6 um, the internal stress of the hard coat layer 8 increases,
so that the hard coat layer 8 tends to have large adverse effects
on the mechanical properties of the recording medium.

It is pré_ferable that the hard coat layer 8 have a pencil hardness
of H or more with which pencil hardness, the surface of the hard coat
layer 8 is seriously scratched even when rubbed with a cloth. When
necessary, an electroconductive material may be contained in the hard
coat layer 8 to make the hard coat layer 8 antistatic so as to
effectively prevent dirt or the like from electrostatically adhering
thereto.

It is preferable that the UV-curing resin for use in the hard
coat layer.-8 have a viscosity of 40 cps or more at room temperature
in order to control a coating position therefor with high precision
and high reproducibility, whereby the edge of the hard coat layer
8 can be accurately positioned, for instance, within an area from
a distance of 20 to 22 mm from the center of a disc as shown in Fig.

5.

Fig. 5 is a schematic front view of a ,phase-change optical
recording disc of the present invention, vié&ww,.ﬁamﬁégﬁéh;'rpoved
side of a substrate thereof, in explanation df the coatingiarea of

N SR T T i

the hard coat layer 8. As shown in Fig. 5, inftkig _ph'és’é*i;cl'f?ér‘i‘ge;:oétical

recording disc of the present invention, ﬁhere aréwaEmédfafstack

i
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It is de5| red that CD-RWdiscs have at |east such a recordi ng performance
that has a recording |inear speed in the range of 2x nom nal CD speed to 4x
nomi nal CD speed. In 2x nomi nal CD speed g ording/ erasure, and in 4x

nom nal CD speed recordi ng/erasure, the” ré pectlve cooling rates of the
phase-cha cordi ng nmedi.um when the nedium.is crystalljized for erasing,
and t he r‘féglae& rv8"Co6Mi NG r&teST RGNtk He Medidmis W%%ﬂoﬂ%

for writirggmateadisf E@E%BBceS&r tzfﬁaﬁuntﬂlf‘onm%r@én@ér %&CEhGO@ié&‘Qr{ ghescdgr&f
great inportance. be nore specific, in a 2x nom nal CD speed node, it

is relat p\fewe@agyttl@nc ofsttdlel isudstthre tree byr dinjgdtayer rfaldigrast r e,
- 31 - Reference numeral 11 indicates a recording area. On the opposite

side of the substrate there is provided a spiral groove 15 in the

recording area 11, and the iﬁnermost edge of the spiral groove 15

is concentri-cally located at a distance of 22 mm from the center.
of the disc. In order to provide a hard coat layer 8 on the non-

grooved side of the substrate 1, therefore, the spin coating of the

UV-curing resin on the non-grooved side of the substrate 1 is required
to start from a position in an area between the injection molding

mark 13 and the innermost groove edge 15.

Further, as above explained, the initial crystalline state of
the recording layer depends on the initializing apparatus employed
in the course of the fabrication of the recording medium. Therefore,
it is preferable to place a mark for recognizing which initializing
apparatus is employed for initializing the recording medium on the
substrate in the course of the initializing step. 1In this case, such
a mark may be formed at an inner side of the innermost groove edge
15. '

Fig. 7 is a schematic front view of a phase-change optical
recordihgmedhﬂnofthepresentinvention,viewedfromthermmrgrooved
side of the substrate, in explanation of the position of the mark
for recognizing the initializing apparatus. As shown in Fig. 7, such
a mark 16 is formed between the injection molding mark 13 and the
innermost groove edge 15. 1In such a case, the starting position from
which the spin coating of the UV-curing resin is initiated for the
formation of the hard coat layer 8 is required to be positioned with
extremely high accuracy, because the space for setting the starting
position is further limited. 1In this sense, the viscosity of a resin
for use in the hard coat layer 8, for instance, the viscosity of the

UV-curing resin, is extremely important.

As electro- magnetlcwavesforusezjltheprESent1nventlon whlch

are used for initializing the recording layer, and carrylng out the



but it is difficult to nake the recording | ayer anorphous for witing. In
contrast to this, in a 4x nomnal CD speed node, it is relatively easy to
make the recording | ayer anorphous for MKIHIng, but it is difficult to
crystallize the recording Iayer for erasurd. In particul ar, at the

di n _the 4x nom ed nude, robl em t hat Rtop S reduced
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As mentioned above, drive systems for the CD-RW have been
actively developed and various matching tests have been conducted
to evaluate the matching properties between the CD-RW and drive
systems therefor. As a result, it has been confirmed that the -
following problems are caused, depending on the combination of the

drive system and the CD-RW:

(1) After data is written in a program area, * Lead-In’-’land “Lead-Out”
signals are respectively written inside and outside the program area
with a pick-up device of the drive system. However, when the pick-up
device performs a seek operation by crossing the program area in order
to write the “Lead-In” and “Lead-Out” signals, the pick-up device

cannot locate a necessary pickup position.

(2) The precision for determining an optimal recording power for the
employed recording disc is so poor that in some cases, no optimal

recording power cannot be determined.

(3) Errors increasingly occur when reproducing operation is carried
out at a linear speed as high as 6x nominal CD speed or more (i.e.

7.2 m/s or more).

'The above-mentioned problem (1) was found to be caused by
insufficientorjﬂproperinitializatrmuoftherecordinglayer When
the initialization of the recording layer is 1nsufflclent the R

top

thereof is increased through the repet1t10ni7

operation. As a result, 'a push-pull magnltude and a'rad al'contrast

of the recording layer are decreased to such an extent that the



be-limting thereof. Exanples 1 to 9 and Conparative Exanples 1 to 4

A pol ycarbonate substrate disc with a thickness -of 1.2 nm provided with a

gui de groove with a width of about 0.5 [err]mand a depth of 35 nmon one

side of the substrate, was cool ed bel ow‘BG?[ rt] C A first dielectric

| ayer, a recording |layer, a second dielectric |layer, and a |ight reflection
& heat ditESIGFaNidoPPs 55t Onerfet B P ELSIUWPASY e Pegomesnut eabe Pt R bakee -

pol ycarb t rat.e, sputtering apparatus. The material for the
first an%%%g§§%§%%§ig%e5¥#§% 'éﬁers was ZnS[err]Sierr], the conposition

of a sputteri myritdwegetord,owhehet herirat ¢ Dl Diat henref amd rgcbayidng hagaehi of

Exanplesi%p&%per, puehepull signals and R, signals are disturbed, so that the
trackingoperathmuofthepick—updevicebecomesunstableandaccurate
seek cannot be performed.

The above-mentioned problem (2) was found to be caused because
no optimal recording power was determined. This is because when it
was tried to determine the optimal recording power, using the OPC
procedure, the modulation degree was not saturated even when the
recording power was increased. It was found that these problems were
also caused by the above-mentioned insufficient initialization and
improper initialization.

After various studies, it was found that it is preferable that
‘in order to determine the optimal recording power, the initialization
be such that the groove reflectance of the optical recording medium
be 95% or more of a saturated groove reflectance (Rg). The saturated
groove reflectance means a maximum groove reflectance. The groove
reflectance of 95% or more of the saturated groove reflectance can
be obtained by appropriately adjusting the initializing conditions,
such as the initializing power, the moving speed of light-application
meane over the recording medium during the initializing operation,
and the linear speed of the disc during the initializing operation
as shown in the graphs in Figs. 6A, 6B and 6C.

More specifically, Figs. 6A, 6B and 6C show graphs which
respectively indicate (a) the relationship between the groove
reflectance and the initializing power applied to a recording disc,
(b) the relationship between the groove reflectance and the moving
speed of the light-application means over the recording disc in the
initializing operation, and (c) the relationship between the groove
reflectance and the linear speed of the recording disc during the

initializing operation.

®

As can be seen from these graphs shown iﬁ“éigs.
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optimal initializing power range, the optimal mo?iﬂ§'sbeéd;r5ngeﬁof
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9.-and .Conparative Exanples 1 to 4 is shown in TABLE 2, and the material for
the light reflection & heat dissipation |ayer was an al um num al | oy. .
Further, a hard coat |ayer was formed by spin coating an ultraviolet-curing
resin on a non-grooved surface of the pol ycarbonate substrate, with the

spi n-coating .of .the ultrayi.olet-curi resin being started froma position
at a disﬁgﬁ%&lght application means ggrlng the 1ngt1af1§?ng OB?I%EEannénd

avay fromHdietamar 19hekite spiede range 88 ONETEPSE H@YEHgVeSe 0L IRk Py, SRHN
coating tggiéﬁﬁ?%n can be determined so as to obtain the groove reflectance
of 95% or more of the saturated groove reflectance.

In order to control the initialized state of each initialized
phase-change recording medium, it is necessary that the traceability
between a specific initializing apparatus and a specific phase-change
recording medium initialized by the initializing apparatus be
clarified in a plurality of initializing apparatus and a number of
initialized phase-change recording media.

For the clarification of the above-mentioned traceability and
from the viewpoint of the control of such initializing conditions,
it is effective to place on the substrate of each phase-change
recording medium a mark for identifying the initializing apparatus
by which the phase-change recording medium is initialized at the
initializing step. .

As mentioned above with reference to Fig. 7, it is preferable
that the mark 16 be placed at a position inside the innermost groove
edge 15 by modulating the initializing power. When a plurality of
initializing apparatus (for instance, apparatus Né. 1l to No. 6) is
employed to perform the initializing operation for phase-change
optical recording discs, a one-dotted mark may be put on the recording
disc which has been subjected to initialization, using the
initializing apparatus No. 1 at a distance of 21 mm from the centér
of the disc, and a six-dottedmark may be similarly put on the recording
disc subjected to initialization, using the apparatus No. 6, in such
a manner that the number of the dots corresponds to the No. of the
apparatus.

Alternatively, the initialization starting position on the
recording disc may be changed for each initializing apparatus.

Furthermore, it is effective that the substrate bears an Absol_ute
Time in Pre-groove data (ATIP data) including a prgde‘bermlned‘qpt,lmum

i .

‘the

recording power for each recording disc in order ‘to cope witk

case where the optimum recording power cannotibé-determined b& the



ultraviolet-curing resin as for the above-nentioned hard coat |ayer on the
light reflection & heat dissipation |ayer. Thus, phase-change opti cal
recordi ng di scs were nade. Using a pé@rality of initializing
appar at uses equi pped with a |l aser di ode having a | arge spot size, each
phase-change optical recording disc was initialized by crystallizing each
recordin&P%a?éPCﬁﬁ&éﬁ-the conditions that the groove reflectance securely

reached as hi g’ﬂeaasb%ﬁén?ﬁéﬁe& B8 Rt 3 2k 8d c W QO¥ RS IELRRASE exrrors |

Further, in the course o e Initializing operation, a dotted mark

i denti f yiingrehe iegplyopedumiwhieal irapng daypyiamatope nedsi onr iitst erammigcheout at a
non- grooved surface of the substrate at, a_di stance of 21 nmfromt cenger
of 't be HSBeBy ABRELacnG e Aihio DTSRG Soabeed o1 Mt e & TS

printingolrayete NVasodd@ws ek roRnkhgr 8y eE Gaad1 d @fice of thdhHSco i $§g SERPE
phase-change optical recording nedia Nos. 1 to 9 of the present invention

i n Exanphés 1€sothanafdl8enpliat§veowk seeSkrpranphal-diaipe optingimedium

SRL "SR R oS o CHERR R S KRS L 1 A LBt U
thickness of the first dielectric layer to 80 nm or more, (ii) by
increasing the atomic % of Sb in the composition of the recording
layer, (iii) by decreasing the thickness of the second dielectric
layer, or (iv) by making a groove formed on the substrate wider and
shallower. _

The same effect as obtained by increasing the groove reflectance
mentioned above can also be obtained by increasing the power of the
reproduction light to 1.2 mW, 1.4 mW or 1.6 mW. When the variation
in the performance of the drive systems and that in the reflectance
of the recording media are taken into consideration, it is preferable

- to employ a reproduction light with a power of 1.2 mW or more for
a reproduction operation at an 8x nominal CD speed (9.6 to 11. 2 m/s).
Furthermore, for a reproduction operation at a noﬁinal CD speed as
high as 12x (14.4 to 16.8 m/s), a reproduction light with a power
of 1.4 mW or more is suitable. However, when the power of the
reproduction light is 1.8 mW or more, the occurrence of errors is
increased when the reproduction is repeated 1,000,000 times or more.

It is desired that CD-RW discs have at least such a recording
performance that has a recording linear speed in the range of 2x
nominal CD speed to 4x nominal CD speed. In 2x nominal CD speed
recording/ erasure, and in 4x nominal CD speed recording/erasure,
the respective cooling rates of the phase-change recording medium
when the medium is crystallized for'erasing, and the respective
cooling rates thereof when the medium is made amorphous for writing
are different, so that the control of such coé%iégfré;és-ISféfgggeat
importance. To be more specific, in a 2x nomﬁn@l CD speedfmodeL it

is relatively easy to crystallize the recording layérbforﬂerésﬁre,

4



t he conposition of the sputtering target for the formation of each :
recording layer, and the "recrystallization upper-limt |inear speed" of
each recording | ayer. - The perfornancgvpf the thus fabricated
phase-change optical recording nmedia was evaluated using a CDRWdri ve

t f al uat | pped a pick-up with an f usin
Yo e Bt e D T E A R be hed rR B s B ot § e E QP ARRACHS Por s
The rati ozafc&ast o8t RYRH 6P %ré )43k G 1PEWRI pd &4 ‘?d'dde) 1@ 59 velatlJ@Py
rati o of Erasing power (P[err]) IWiting power (Plerr]) :

Witing §é®eT tolBaimg (thet iy siaerzi ngnd adememorahags for vsmefeldﬂqmd@sr) it is

Bi as -pow%ri:ffjic t( tll.%t Q:rv%t%)il% %e”‘-"r”é‘c%"%:'m%% layer pteoerd eradseuS e. In '
particular, at the recording in the 4x nominal CD speed mode, a problem
that R, is reduced due to the increase in the erasing power.
Therefore, it is effective to deCrease the erasing power as shown
in a strategy in Fig. 8B. To be more specific, it is preferable that
the ratio of the erasing power (P,,) to the writing power (P,,) be 0.50
or 0.54 in the 2x nominal CD speed mode, and that the ratio of the
erasing power(P,,) to the writing power (P,,) be 0.46 or 0.50 in the
4x nominal CD speed mode.

Other features of this invention will become apparent in the

.course of the following description of exemplary embodiments, which
are given for illustration of the invention and are not intended to

be limiting thereof.

Examples 1 to 9 and Comparative Examples 1 to 4

A polycarbonate substrate disc with a thickness of 1.2 mm,
provided with a guide groove with a width of about Ol5 um and a depth
of 35 nm on one side of the substrate, was cooled below 80°C.

A first dielectric layer, a recording layer, a second dielectric
layer, and a light reflection & heat dissipation layer were
suCcessivelyprovidedontheabove—mentionedpolycarbonatesubstrate,
using a sputtering apparatus. The material for the first and second
dielectric layers was ZnSeSi0,, thecompositionofzasputteringtarget
for the formation of the recording layer in each of Examples 1l to
9 and Comparative Examples 1 to 4 is shown in TABLE 2, and the material
for the light reflection & heat dissipation layer was an aluminum
alloy.

Further, a hard coat layer was formed by spln coatlng an

ultraviolet-curing resin on a non-grooved suf

) -

polycarbonate substrate, with the spin- coatlng of the . 1 !

ultraviolet-curing resin being started from ai p051t10n at a dlstance



-33 - ., Repr oducti on power: 1.0 nW A block error rate (BLER) was
measured after the direct overwiting operation was repeated 1,000 times.
The results are shown in TABLE 3. As shown in TABLE 3, when the
writing operation and the reproduction op tion were carried out at. 2x

] |l ock error rate was_ | ess than 100 cps in Exanples 1
nom nal %%%2&&%9&m¥g%g§ from the center of the disc. P P

SO
to o An overcoat layer was formed by spin coating the same
ultraviolet-curing resin as for the above-mentioned hard coat layer
on the light reflection & heat dissipation layer. Thus, phase-change
optical recording discs were made.

Using a plurality of initializing apparatuses equipped with a
laser diode_having a large spot size, each phase-change optical
recording disc was.initialized by crystallizing each recording layer
under the conditions that the groove reflectance securely reached
as high as 95% or more of the saturated groove reflectance. Further,
in the course of the initializing operation, a dotted mark identifying
the employed initializing apparatus was written on the non-grooved
surface of the substrate at a distance of 21 mm from the center of
the disc by modulating the initializing power.

Furthermore, a printing layer was provided on the overcoat layer.

Thus, disc-shaped phase-change optical recording media Nos. 1
to 9 of the present invention in Examples 1 to 9, and comparative
disc-shaped phase-change optical recording media Nos. 1 to 4 in
Comparative Examples 1 to 4 were fabricated.

TABLE 2 shows the thickness of each of the above—l;nen.tioned layers,
the composition of the sputtering target for the formation of each
recordinglayer,andthe"recrystallizationupper—limitlinearspeed"
of each recording layer.

The performance of the thus fabricated phase-change optical
recording media was evaluated using a CD-RW drive system for
evaluation equipped with a pick-up with an NA of 0.5, using a light

beam having a wavelength of 780 nm. The strategy was as follows:

The ratio of Easing power (P,,)/Writing power (P,,): 0.50
aw

The ratio of Erasing power (Pge) /Writing power (P,,): 0.46

Writing power: 13 mW (both in 2x and 4x nominal CD
speed modes)

Bias power: 1 mW (both in 2x and 4x nominal CD REPI—ACEMENT SHEE—f
- speed modes) |
29 JAN 1999




there were no problens with these recording nedia for use in practice.

In the case where the witing operation was carried out at 4x nomnal CD
speed and the reproduction operation was carried out at 2x nomnal CD
speed, there was a tendency that the gre’at3e} tThe conposition ratio of the
element In in the conposition of the recording |ayer, the greater the bl ock
error rate. I n the disc-shaped phase-change optical recording nmedi um
No. 9 fabri cafePioduBamy @vet: t pgiesent invention, the thickness of
the first dielectric layer was as thin as 70 nm so that the reflectance of
the disc wth? édpedt anyrarthedtigghtBMIR)h wea shavesd smgedh of t 980t Imen dase Ot 18 or

l ess, and it wa

nom nal B CpaT R YR T Tha AR b SRk BT S TSRS ne
bl ock er repiowratiey wag1Feduced to 250 cps when the reproducti on power was
changed from1.0 to 1.2 mW\ _
As shown in TABLE 3, when the writing operation and the
reproduction operation were carried out at 2x nominal CD speed, the
"block error rate was less than 100 cps in Examples 1 to 9, so that
there were no problems with these recording media for use in practice.
In the case where the writing operation was carried out at 4x
nominal CD speed and the reproduction operation was carried out at
2x nominal CD speed, there was a tendency that the greater the
composition ratio of the element In in the composition of the recording
layer, the greater the block error rate.
In the disc-shaped phase-change optical recording medium No.
9 fabricated in Example 9 of the present invention, the thickness
of the first dielectric layer was as thin as 70 nm, so that the
reflectance of the disc with respect to the light with a wavelength
of 780 nm was 0.18 or less, and it was impossible to carry out the
reproducing operation at 6x nominal CD speed becausé of the increase

of block error rate. However, the block error rate was reduced to

250 cps when the reproduction power was changed from 1.0 to 1.2 mW.

REPLACEMENT SHEET
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TABLE 2 i
o
First Recording Layer Second Light Overcoat Hard Coat :vvmnupwawn
Dielectric Dielectric | Reflection Layer Layer Linear Speed
Layer Layer & Heat Recrystalli-
Dissipation zation(m/s)*
Layer
Thickness Composition(atom.%) Thick- Thickness Thickness Thickness | Thickness
(nm) ness (nm) (nun}) (rum) {um) {pm)
Ag In Sb Te N
Ex. 1 100 5 9 56 30 0 25 25 140 7 - 12 3 6 3.0
Ex. 2 95 5 7 58 30 0 22 30 150 7 - 12 3 6 4.7
Ex. 3 95 5 6 60 28 1 25 35 150 7 - 12 3 6 3.8
Ex. 4 95 5 5 60 30 O 22 35 wmo 7 - 12 3 6 4.5
Ex. 5 95 4 3 60 33 o0 20 30 160 7 - 12 3 6 2.8
Ex. 6 90 3 5 62 30 0 25 40 180 7 - 12 3 6 4.8
Ex., 7 90 3 5 62 29 1 30 20 100 8 - 12 3 6 3.5
Ex. 8 80 1l 6 63 28 2 20 25 120 10 - 15 3 6 3.9
Ex. 9 70 l 6 65 23 5 25 25 140 9 - 15 4 7 4.0
Comp. 95 517 60 18 O 20 35 150 7 - 12 3 6 6
Ex. 1
Comp. 95 8 5 58 27 2 22 35 140 7 - 12 3 -6 2
Ex. 2
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TABLE 2 (continued)

SHEET
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First Recording Layer Second Light Overcoat Hard Coat | Upper-limit
Dielectric Dielectric | Reflection Layer Layer Linear Speed
Layer Layer & Heat Recrystalli-
Dissipation zation(m/s)*
Layer
Thickness Composition(atom.%) Thick-~ Thickness Thickness Thickness | Thickness
{(nm} ness (nm) (nm) {nm) (sim) (sm)
Ag In Sb Te N
Comp. 95 4 3 58 31 4 22 35 150 7 - 12 2 -5 2.2
Ex. 3
Comp. 100 4 3 65 28 0O 16 40 140 7 - 12 3 -1 5.5
Ex. 4

(*) Beam power: 12 mW Wavelength: 780 nm NA: 0.5




[err]

v

35 -

36

29 JAN 1999

REPLACEMENT SHEET,

TABLE 3

BLER in Reproduction Operation BLER in Reproduction Reproduction by

(2% nominal CD speed) after Operation (6x nominal CD Light of 650 nm

DoW (*) speed) after DOW(*)

Writing at 2x Writing at 4x Writing at 2x pominal CD

nominal CD nominal €D speed (cps)**

speed {cps)** speed (cps)**
Ex. 1 40 140 550 0]
Ex., 2 20 60 210 O
Ex, 3 12 32 110 O
Ex. 4 12 36 130 O
Ex. 5 12 28 100 O
Ex. 6 24 36 110 0]
Ex. 7 20 56 95 0]
Ex. 8 32 52 330 (0]
Ex. 9 36 40 —{***) O
Comp . —{***) = (A*%) — (x4 O
Ex. 1
Comp. 200 300 —(***) O
Ex. 2
Comp. 50 =(***) 500 (6]
Ex. 3
Comp. ~(***) 200 ~(*Hx) o)
Ex. 4 .

(*)

(**)
(2e*)

BLER denotes "block error rate".

DOW denotes “"direct overwriting".

cps denotes “count per second”.
Reproduction operation was impossible.
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WHAT IS CLAIMED IS: —

1. An optical recording medium capable of recording and

erasing information, comprising:

a substrate, a first dielectric layer, a recording layer, a second

dielectric layer, a light réflection and heat dissipation layer, and
an overcoat layer, said first dielectric layer, séid.recording layer,
said second dielectric layer, said light reflection and heat
dissipation layer, and said overcoat layer being suécessively
overlaid on said substrate,

said recording layer (1) comprising a phase-change recording
material which comprises as constituent elements Ag, In, Sb, Te, and
N and/or O with the respective atomic % thereof being a, B, y, & and
€ (the total atomic % of N and/or 0), which are in the relationship
of:

0 < a< e,

3<pB <15,

50 <

IA

65,

Y
20 £ 98

IA
IA

35,
0 <es<5, provided that & + B +y + & + ¢ = 100, and (2) having

a recrystallization upper-limit linear speed in a range of 2.5 to
5.0 m/s.

2. The optical recording medium as claimed in Claim 1, wherein
said recording medium has a groove reflectance of 0.18 or more with

respect to both of a reproduction light having a wavelength of 780

'#15 nm and a reproduction light having a wavelength of 640 #15 nm.

3. The optical recording medium as claimed in Claim 1, wherein
said substrate bears an Absolute Time in Pre-groove data (ATIP data)
including a pre-etermined optimum recording power for said optical

recording medium.

4. The optical recording medium as claimed in Claim 1, wherein
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“37-" VHAT 'S CLAIMED I'S: 1. An optical recording nHHm,vaHmH'H,HHI
recordi ng and erasing information, conp[jg%ﬂg: a substrate
dielectric layer, a recording |ayer, a se d dielectric layer, a light
i r nd
rEflECtI%%fgurég?%MQkfﬁé¥grqp |3y %rod%e reflectance of 95% or more of a
saturated groove reflectance thereof when said phase-change recording

material is crystallized for initialization of said recording medium.

5. The optical recording medium as claimed in Claim 1, wherein
said recording layer carries thereon an identification information
for identifying an initializing apparatus used to initialize said
recording medium, using an initialization light having a

predetermined initializing power.

6. The optical recording medium as claimed in Claim 5, wherein
said identification information is written in the form of a mark on
a non-grooved surface of said substrate, using a light beam which
is obtained by modulating said initializing power of said

initialization light.

7. The optical recording medium as claimed in Claim 1, further
comprising a hard coat layer which is provided on a non-grooved surface
of said substrate, opposite to said first dielectric layer with

respect to said substrate.

8.  The optical recording medium as claimed in Claim 7, wherein
said hard coat layer has a thickness of 2 to 6 pm and a pencil hardness

of H or more.

0. The optical recordingxnediunlas claimed in Claim 7, wherein
said hard coat layer comprises a cured UV-curing resin which has a

viscosity of 40 cps or more at room temperature before cured.

10. A method of recording information in a phase-change optical
recording medium capable of recording information at a linear speed
in a range of 2.4 to 5.6 m/s, and erasing recorded information
therefrom, said phase-change optical recording medlum comprls;ng ai

substrate, a first dielectric layer, a recordlng layer, a second ;



an over coat Iayer”' m ! ectric Iayer said recording |layer, said
second dielectric ﬂ"}a ,I mrmll m refl ection and heat dissipation |ayer,

and sai d overcoat aYérlbemngssueceSS|veI§ overlaid on said substrate,

said recording layer (1) conprising a pha 8 change recording material which

conpri ses gi?const I tuent el erre Qwth_the

respect i F&CaBERT eCohINRY edF Bgﬂhgr‘?gjr‘?ﬁtl?réraﬁd hF@FréjlsTJe?ﬁl%lﬁol Y&y p1d
(t he totg}h &\]éélrﬂéé /QLQgeN aé‘éj:{@rle)s’t MPQc'@ffc 'l%ytef}e éSLétﬂéﬁtﬁﬂ‘Hzﬂu@ﬂayer,

< [err] 0 [err]
said second dlelectrlc layer, said llght reflectlon and heat

dissipation layer, and said overcoat layer being successively
overlaid on said substrate, said recording layer (1) comprising a
phase-change recording material which comprises as constituent

elements Ag, In, Sb, Te, and N and/or O with the respective atomic %

thereof being o, B, v, 8 and € (the total atomic % of N and/or O),
which are in the relationship of:
0 <acx 6,
3 <P <15,
50 £ y £ 65,
20 < & < 35,
0 £e<£5, provided that a« + § + vy + 3 + € = 100, and (2) having
- a recrystallization upper-limit linear speed in a range of 2.5 to
5.0 m/s, under the conditions that a ratio of erasing power (P,)/
writing power (P,,) at a linear speed in a range of 2.4 to 2.8 is greater
than a ratio of erasing power (P,.) /writing power (P,,) at a linear speed

in a range of 4.8 to 5.6 m/s.

11. A method of reproducing information recorded in a
phase-change optical recording medium capable of reproducing recorded
information therefrom by controlling a reproduction light power of
a reproduction light for reproducing recorded information in
accordance with a reproduction linear speed, said phase-change
optical recording medium comprising a substrate, a first dielectric
layer, a recording layer, a second dielectric layer, a light
reflection and heat dissipation layer, and an overcoat layer, said
first dielectric layer, said recording layer, said second dielectric
layer, said light reflection and heat dissipation layer, and said
overcoat layer being successively overlaid on said substrate, said
recording layer (1) comprising a phase change recordlng materlal

which comprises as constituent elements Ag, In, Sb Te, and N and/or

iy



20 [err] 35, 0 [err] 5, provided that [err] + [err] + [err] +
[err] + [err] = 100, and (2) having a recrystallization upper-limt |inear
speed in a range of 2.5 to 5.0 nis. 2. The optical recording
mediumas claimed in Caim1, wherein sai ¢ % écor di ng nmedi um has a groove
reflectance of '0.18 or nore with respect to both of a reproduction |ight
havi ng a Swidihe fdeh rt6EPEEE Ve whomi¢ & rdsredfcbiadmd ioghtP.havi Agaad € (the
wavel eng f .5 m : . The .aptical r.ecardin di um.as .
cl ai med ft%t lai%%% ,%\Aﬁeroeﬁl I’Il\] saé’lld Osrulg) t'r e‘a“'thé1L edl’s an' z“ohseoll%ie%etﬁ%s?%p of:
Pre-groove datpa { AllkPedata) including a pre-eterm ned optinmum recording
power for said optical recording nmedium

3 <P <15,

50 £ y £ 65,
20 £ & £ 35,

0 £eg<5, provided that a + B+ vy + 8 + ¢ = 100, and (2) having
a recrystallization upper-limit linear speed in a range of 2.5 to
5.0 m/s, under the cqnditions that a ratio of erasing power (P,.)./
writing power (P,,) at a linear speed in a range of 2.4 t0 2.8 is greater
than a ratio of eras'ing power (P, ) /writing power (P,,) at a linear speed

in a range of 4.8 to 5.6 m/s.

RN ) ) R
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4. The optical recording nmediumas clained in daim1l, wherein

- 38 - said recording |layer has a groove reflectance of 95% or nore of a
saturated groove reflectance thereof when said phase-change recording
material is crystallized for initialization of said recording medi um

5. The optical recording WWI N i wherei n said
: . : DISCI, :
recording |layer carries there at T oot hat i on

OPTICAL RECORDING MEDIUM AND
RECORDING AND REPRODUCING METHOD USING THE SAME

An optical recording medium capable of recording and erasing
information, includes a first dielectric layer, a recording layer,
a second dielectric layer, a light reflection and heat dissipation
layer, and an overcoat layer which are successively overlaid on a
substrate, the recording layer including a phase-change recordinyg
material which includes as constituent elements Ag, In, Sb, Te, and
N and/or O with the respective atomic % thereof being a, B, y, & and
€ (the total atomic % of N and/or O), which are in fhe relationship
of: 0 <a<6, 32P <15, 50 <y<65, 2056535, 0 <e <5, provided
that ¢ + B + vy + 8 + € = 100, and (2) having a recrystallization
upper-limit linear speed in a range of-2.5 to 5.0 m/s. A recording
methodandaareproductionmethod,usingthisbpticalrecordingmedium,

are propcsed.

Figure. 1
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23 JAN 1999




for identifying an initializing apparatus used to initialize said recording
medium wusing an initialization light having a predetermned initializing
power . 6. The optical recording diumas clained in daimb5,
wherein said identification information 1S witten in the formof a mark on
a non-grooved surface of said substrate, using a |ight beamwhich is
obt ai ned by nodulating said initializing power of said initialization

| i ght. 7. The optical recording mediumas claimed in Claim1
further conprising a hard coat |ayer which is provided on a non-grooved
surface of said substrate, opposite to said first dielectric layer with
respect to said substrate. '

Fig. 1
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8. The optical recording nedium as claimed in Caim?7, wherein said hard
coat |layer has a thickness of 2 to 6 [err]mand a pencil hardness of H or

nor e. 9. The optical recording mediumas clained in Caim?7,
wherein said hard coat |ayer conprises a cured UV-curing resin which has a
viscosity of 40 cps or nore at roon1tenp§7ature bef ore cured. 10. A
net hod of recording information in a pha g-change optical recording nedi um

capabl e of recording information at a linear speed in a range of 2.4 to 5.6
m's, and erasing recorded information therefrom said phase-change opti cal
recordi ng nmedi um conprising a substrate, a first dielectric |ayer, a
recordi ng | ayer, a second
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39 dielectric layer, a light reflection and heat dissipation |ayer, and an
overcoat layer, said first dielectric |layer, said recording |ayer, said
second dielectric layer, said light reflection and heat dissipation |ayer,
and said overcoat |ayer being successively overlaid on said substrate, said
recording layer (1) conprising a phase-cgsnge recording material which
conpri ses as constituent el enents Ag, In/ Sb, Te, and N and/or Ow th the
respective atomc % thereof being [err], [err], [err], [err] and [err]
(the total atomc %of N and/or O, which are in the relationship of:

Fig. 3
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0.< [err] 6, 3 [err] 15, 50 [err] 65, 20 [err]

35, 0 [err] 5, provided that [err] + [err] +[err] + [err] + [err] =
100, and (2) having a recrystallization upper-limt |inear speed in a _
range of 2.5 to 5.0 nis, under the conditions that a ratio of erasing power
(P[err])/ witing power (P2w) at a linear speed in a range of 2.4 to 2.8 is
greater. than a ratio of erasing power(PFﬂPr]) /witing power (P[err]) at a

| i near speed in a range of 4.8 to 5.6 m's. 11. A method of
reproducing information recorded in a
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phase- change optical recordi ng nedi um capabl e of reproducing recorded
information therefromby controlling a reproduction |ight power of a
reproduction |ight for reproducing recorded information in accordance with
a reproduction linear speed, said phase-change optical recording nedi um
conprising a substrate, a first dielectric |layer, a recording |ayer, a
second dielectric layer, a light refl ect¥®n and heat di ssi pation |ayer, and
an overcoat |ayer, said first dielectric |layer, said recording | ayer, said
second dielectric layer, said light reflection and heat dissipation |ayer,
and said overcoat |ayer being successively overlaid on said substrate, said
recording layer (1) conprising a phase-change recording material which
conprises as constituent elenments Ag, In, Sb, Te, and N and/or

Fig. 5
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-.40 -, C)mnth t he respective atomc %t her eof bei ng
[err] [err],[err],[err] and [err] (the'total atomic % of N and/or O, which

are in the relatlonshlp of : 0 < [e8/2] 6, 3 [err] 15,
50 [err] 65, 20 [err]. 35 0 [err] 5, provided that a +
[err] + [err] + [err] + [err] = gg and (2) having a recrystallization

A5 to 5.0 m's, under the conditions

upper-limt linegr speed in a ran
that a ratio of ®rasing power (P[err])/ WW|t|ng power (P[err]) at a linear

speed in a range of X.4 to 2.8 is greater
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than a.ratio of erasing power(P[err]) /wﬁiting power (P[err]) at a linear
speed in a range of 4.8 to 5.6 nis.

16
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Fig. 7
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