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(57) Abstract

An optical information recording medium which can
eliminate the necessity for the initialization step. A crystallization-
accelerating layer (3) comprising a given material is formed over 2
substrate (1) on one side thereof and a recording layer (4)
comprisicg a Ge-Sb-Te alloy is formed directly on the layer (3).
Since the recording layer (4) crystallizes immediately after film
formation, 1o initialization step is necessary for the opiical
information recording medium obtained. Examples of the material
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of the crystallization-accelerating layer firstly include sul
having a facc-centered cubic lattice crystal stracture. Examples
thereof secondly include tellurium-free substances having a
rhombohedral lattice crystal structure. An especiafly preferred
crystallization-accelerating layer is a discontinuous film in the form
of a layer of islands made of a matcrial comprising bismuth and/or a
bismuth compound. Incorporating nitrogen into the crystallization-
accelerating layer provides an optical information recording
medium which need not be initialized and has excellent suitability
for repeated use.
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ABSTRACT

An optical information recording medium which can eliminate the
necessity for the initialization process. A crystallization assisted layer (3)
comprising a given material is formed over a substrate (1) on one side
thereof, and a recording layer (4) comprising a Ge-Sh-Te alloy is formed
directly on the layer (3). Since the recording layer (4) crystallizes
immediately after film formation, no initialization process is necessary for
the optical information recording medium obtained. Examples of the
material of the crystallization assisted layer firstly include materials
having a face-centered cubic lattice system crystal structure. Examples
thereof secondly include tellurium-free materials having a rhomhbohedral
lattice system crystal structure. An especially preferred crystallization
assisted layer is a discontinuous island-like film made of a material
comprising bismuth and/or a bismuth compound. Incorporation nitrogen
into the crystallization assisted layer provides an optical information
recording medium which need not be initialized and has excellent overwrite

cyclability.
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SPECIFICATION

PROCESS FOR PRODUCING OPTICAL INFORMATION RECORDING
MEDIUM AND OPTICAL INFORMATION RECORDING MEDIUM
PRODUCED BY THE PROCESS

TECHNICAL FIELD

The present invention relates to phase change optical information
recording mediums having a recording layer of changing phase between a
crystalline state and an amorphous atate in accordance with the intensity
of an irradiation beam, and in particular, it relates to a method for
producing an optical information recording medium capable of making an

initialization process unnecessary.

BACKGROUND ART

Recently, optical information recording mediums have been
extensively studied and developed as means for recording, reading and
erasing an immense quantity of information. Especially, a so-called phase
change optical disk which records/erases information, using the fact that
the phase of the recording layer changes reversibly between a crystalline
state and an amorphous state, has the advantage that only by changing the
laser beam power, old information is erased while new information is being
recorded simultaneously (hereinafter reforred to as “ovemrite”). Thus,
such optical disk is regarded as being full of promise.

As the recording materials of such overwritable phase change

optical disk, chalcogen alloys are mainly used which include In-Se alloys
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(see “Appl. Phys. Lett. Vol. 50, p. 667, 1987"), In-Sh-Te alloys (see “Appl.
Phys. Lett. Vol. 50, p.16, 1987"), and Ge-Te-Sb alloys (see Japanese Patent
Laid-Open Publication Sho No. 62-563886), which have a low melting point
and a high absorption efficiency for a laser beam.

When information is actually recorded/erased on/from such optical
disk of a chalcogen alloy, at least one kind of dielectric layer of a material
selected from the group consisting of metal or semi-metal oxides, carbides,
fluorides, sulfides, and nitrides is generally formed directly above and/or
under the recording layer in order to prevent the substrate from being
deformed due to heat produced on recording/erasing, to prevent the
recording layer from being oxidized, and/or to prevent the substances from
moving along the guide grooves or from being deformed.

Optical disks having a three- or four-layered structure which
includes a recording layer of a chalcogen alloy, a dielectric layer provided
directly under and/or above the recording layer, a reflective layer which
also acts as a cooling layer (for example, Al-alloy) provided on an opposite

side of a transparent substrate from the recording layer, provided on the

" substrate, are the mainstream of the phase change optical disks because

they are preferable in terma of the recording/erasing characteristics.

In general phase change optical disks, when the recording layer is
irradiated with a laser beam having a recofding power to heat it up to its
melting point and is then rapidly cooled, the recording layer material is
produced amorphous to thereby form a recording mark. Then, when the
recording layer is irradiated with a laser beam having an erasing power to
be heated to more than the crystallizing temperature and then gradually
cooled, the recording layer material is crystallized to thereby erase the

recording mark.
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Such phase change optical disks are each produced by sequentially
forming thin layers as the respective layers on the substrate by
sputtering/evaporation. Since the recording layer present immediately
after its layer formation is amorphous, it is irradiated with a laser beam to
be wholly crystallized, which is generally referred to as “initi.alization
process”, and the optical disks, thus obtained, are then shipped.

Hoewever, this initialization process takes a time of a little less than
one minute to initialize the whole optical disk having a diameter of 120 mm
even with the use of the most-efficient laser beam irradiation, which leads
to an increase in the manufacturing cost of the optical disks. For the time
required for processing one optical disk in each manufacturing substep
(cycle time), the time required for the initialization process is long
compared to the substrate molding step or the layer forming step. Thus,
in order to eliminate a time losa taken to pass to the initialization process
when the cycle time for the layer forming step is 8 seconds, the six or seven
very expensive initializing devices are required. As a result, by
performing the initialization process, the manufacturing cost of the optical
disks is increased.

In order to reduce the time required for the initialization process,
for example, Japanese Patent Laid-Open Publication Hei No. 5-342629
discloses providing an auxiliary layer of an easily crystallizable continuous
film or discontinuous island-like film adjacent to the recording layer. As
the components of the auxiliary layer, compounds are ﬁamed which include
tellurium (Te), Selenium (Se) or Te — Se compounds.

However, according to this method, the time required for initializing
the recording layer is reduced, but the initialization process cannot be

eliminated as a rule, excluding the case where both of the auxiliary layer
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and the recording layer are comprised of extremely easily crystal-growing
substances.

It is therefore an object of the presemt invention to provide an
optical information recording medium which eliminates the necessity for

the initialization process.

DISCLOSURE OF THE INVENTION

The present invention provides a method for producing an optical
information recording medium which has on one side of a substrate a
recording layer whose main components comprise germalﬁum (Ge),
antimony (Sb) and tellurium (Te) (hereinafter referred to as “Ge-Te-Sb
alloy”), comprising the ateps of forming a crystallization assisted layer of
materials having a face-centered cubic lattice system crystal structure on
one side of the substrate, and forming a recording layer directly above the
crystallization assisted layer. According to this method, the recording
layer immediately after its formation is crystallized.

The Ge-Te-Sb alloys take two types of crystal phases: namely, a
face-centered cubic lattice system crystal structure and a hexagonal system
crystal structure. It is known that as the temperature of this alloy is
raised from its amorphous state, its phase changes from a face-centered
cubic lattice crystal structure to a hexagonal structure. In the present
invention, the recording layer is easily crystallized when its layer is formed
due to the presence of the crystallization assisted layer having the same
face-centered cubic lattice system crystal structure as the recording layer.

The face-centered cubic lattice system crystal structures include
face-centered cubic lattices, and face-centered tetragonal lattice; diamond-

shape structures: CuAu-, CuPt-, Ni,Cr-, Cu,Au-, NiMo-, Ag;Mg-, Ni,V-,
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Cu,Pd-, and AuMn-type superlattices; NaCl-, NaTl-, ZnS-, CaF,-, FeS,-,
eristobalite high-temperature-, Laves phase MgCu,, CuzAu-, Al Ti-,
Cu,AlMn-, Al,MgO,-, and Bi,Te,-type structures; and their interstitial and
substitutional solid solutions.

The present invention also provides a method for producing an
optical information recording medium having on one side of a substrate a
recording layer whose main components comprise germanium (Ge),
antimony (Sb) and tellurium (Te), comprising the steps of forming on one
side of a substrate a crystallization assisted layer of a tellurium (Te)-free
material having a crystal structure of a rhombohedral lattice system, and
forming a recording layer directly over the crystallization assisted layer.
According to this method, the recording layer becomes crystallized
immediately after its formation.

In the present invention, the absolute value of a lattice
unconformity between the crystal structure of the crystallization assisted
layer and that of the recording layer is preferably not more than 8%. The

lattice unconformity is represented by:

Lattice unconformity (%) = (B — A)/A) X 100... (2)

A: When the recording layer is of a face-centered cubic

lattice system crystal, an atomic interval in a direction < 110 >

of the crystal;

B: A particular one of the atomic intervals of a crystallized
crystallization assisted layer such that the difference between A and
the particular atomic interval B is minimum among the differences

each between A and a respective one of the atomic intervals of the
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crystallized crystallization assisted layer. In the case of
the face-centered cubic lattice system, it is generally the atomic

interval in a direction < 100 > or < 110 >.

When the crystal comprises two or more kinds of elements, the
distance between two adjacent atoms of different kinds may be used as an
atomic interval in the expresgion {n). When Ais greatly different from B in
the expression (a), the atomic interval B of the crystallization assisted layer
may be assumed to be an integer or fraction times the atomic interval.

The range of lattice unconformity is preferably- 4.5 to + 8%, and
more preferably- 3 to + 7%.

Examples of materials each of which has a crystal structure of a
face-centered cubic lattice system where an absolute value of lattice
unconformity between the crystal structure of that material and that of the
recording layer is not more than 8% include PhTe and Bi,Te,.

Examples of tellurium-free materials each of which has a crystal
structure of a rhombohedral system where an absclute value of lattice
unconformity between the crystal structure of that material and that of the
recording layer is not more than 8% include antimony (Sb), bismuth (Bi),
antimony (Sb) compounds, and bismuth (Bi) compounds. The Sb
compounds include Sb alloys, and intermetallic compounds of Sh and other
metals or semimetals. The Bi compounds include Bi alloys, and
intermetallic compounds of Bi and other metals or semimetals.

“In the present invention, the thickness of the crystallization
asgisted layer is preferably not more than 200 A. If the thickness is larger
than 200 4, the record erasing characteristics wou.ld‘be deteriorated. The

thickness of the crystallization assisted layer is more preferably not more
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than 100 A. If this layer is excessively thin, the recording layer can be
crystallized insufficiently. Thus, it is preferably not less than 1 A.

In the present invention, the crystallization assisted layer may be
in the form of a continuous film or a discontinuous island-like film, which is
contacted with the recording layer. Most preferably, it is a discontinuous
island-like film of materials which contain bismuth (Bi) and/or a bismuth
(Bi) compound.

The optical information recording medium whose recording layer is
crystallized by the crystallization assisted layer provided s¢ as to be
contacted with a substrate-side surface of the recording layer eliminates
the neceasity for the initialization process. If a continuous film of
materials which comprise bismuth (Bi) and/or a bismuth (Bi) compound is
used as the erystallization assisted layer, the CNR (Carrier to Noise-Ratio)
in the second or subsequent recording by overwriting is slightly lower than
that in the first recording.

In comparative examples, if a discontinuous island-like film of
materials containing bismuth (Bi) and/or a bismuth (Bi) compound is used
as the crystallization assisted layer, the CNR in the second or subsequent
recording by overwriting is substantially the same as that in the first
recording.

The discoutinuo;ls island-like film is formed, for example, by
sputtering such that its thickness is not more than a predetermined value.

When the crystallinity of the recording layer formed on the
crystallization assisted layer is insufficient, the recording layer is
preferably formed by setting the temperature of the substrate in a range of
from 45°C through a temperature inclusive above which temperature the

substrate would be deformed (at 110°C when the substrate is produced of
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pelycarbonate). Thus, the recording layer is placed in a stabilized
crystalline state.

The methods for maintaining the substrate at high temperatures
under formation of the recording layer include (1) heating the substrate or
the crystallization assisted layer which underlies the recording layer
immediately before the formation of the recording layer to thereby
maintain the substrate at high temperature; (2) starting to heat the
substrate or the crystallization assisted layer after the formation of the
recording layer has started and continuing to heat the substrate or the
crystallization assisted layer during the formation of the recording layer;
(3) starting to heat the substrate or the layer surface of the recording layer
immediately after the recording layer has been formed; and (4) starting to
form the recording layer immediately after the preceding layer has been
formed, using the heat produced by the formation of the preceding layer
and stored within the substrate.

The heating methods include irradiating a surface of the layer
formed on the substrate (a surface of the crystallization assisted layer) with
light including heat rays; and heating a substrate holder itself with a
heater or the like, or using high frequency induction, flash exposure; or
plasma processing.

In the producing method of the present invention, the formation of

the crystallization assisted layer is preferably performed within a layer

forming atmosphere to which a nitrogen gas is added.

When the producing method of the present invention includes the
step of forming a first dielectric layer between the substrate and the
crystallization assisted layer and/or the step of forming a second dielectric

layer on an opposite side of the recording layer from the crystallization
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assisted layer, the formation of the first and/or second dielectric layer is
preferably performed within a layer forming atmosphere to which a
nitrogen gas and/or an oxygen gas is added.

The present invention also provides an optical information
recording medium with a recording layer formed on one side of a substrate,
the recording layer comprising materials whose main components are
germanium (Ge), antimony {(Sb) and tellurium (Te), wherein the recording
layer is formed in a crystalline state and wherein the crystallization
assisted layer is formed in contact with the substrate side surface of the
recording layer, the recording layer and the crystallization assisted layer
being produced by the respective above-mentioned producing methods.

In the inventive optical information recording medium, a ratio x, y,
and z of the respective elements (Ge, Sh, Te) of the main components of the
recording layer (Ge: Sb: Te = x: y: z where x + y + z= 1) is preferably in a .
range shown hatched in a triangular graph of FIG. 2, which satisfies the

following expressions (1)-(3) simultaneously:

0.1 £x204 ...(1)
0.08 =y e (2)
045 < z £ 0.65...(3)

When x < 0.1, the optical information recording medium is not
preferable in terms of stability. When x > 0.4, y < 0.08, 2 < 0.45 and z >
0.65, these conditions are unpreferable because the recording layer is
difficult to crystallize.

A preferable range of the ratio x, y and z of the respective elements

of the main components of the recording layer (Ge: Sh: Te =x: y: z where x +
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y + z = 1) should satisfy the following expressions (4)-(6) simultaneously:

015 £x =03 ..(4
012 =y .. (5)
5 056 £z =06 ..06

The materials of the recording layer are preferably Ge-Te-Sh-Bi
alloys containing Bi in addition to Ge, Te and Sb. The materials may be
Ge-Te-Sb or Ge-Te-Sb-Bi alloys, for example, containing hydrogen, nitrogen,

10  oxygen, carbon, Al, Ty, Fe, Co, Ni, Cu, Zn, Ga, Se, Sn, In, Ag, Pd, Rh, Ru, Mo,
Nb, Hf, Zr, Ta, W, Re, Os, Ir, Pt, Au, Tl and/or Pb, Those elements may be
added from the target during the formation of the recording layer or added
in a gaseous state to the atmosphere gas so as to be contained within the
recording layer.

15 In the inventive optical information recording medium, the
thickness of the recording layer is preferably 50-1000 A, Ifitis less than
50 A, the recording layer could not obtain a satisfactory recording
sensitivity,. When it exceeds 1000 4, a problem about the recording
sensitivity and resolution would occur, undesirably.

20 The inventive optical information recording medium preferably has
a 4-layered structure in which a crystallization assisted layer, a recording
layer, a dielectric layer and a reflective layer are formed on the substrate in
this order. More preferably, the inventive optical information recording
medium has a 5-layered structure in which a first dielectric layer, a

25  crystallization assisted layer, a recording layer, a second dielectric layer
and a reflective layer are formed on the substrate in this order. The

inventive optical information recording medium may further include other
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necessary layers additionally.

As the first and second dielectric layers, materials having high heat
resistance and a melting point of not less than 1000°C are preferable; for
example, Si0,; a mixture of ZnS and 8i0,; Al,0;; AIN; and Si,N,. Although
the thickness of the first dieleciric layer is not especially specified, the
thickness of the second dielectric layer is preferably 50-500 A, Ifit is less
than 50 A , it can not provide a satisfactory recording sensitivity. If it
exceeds 500 A, it cannot provide satisfactory overwrite cyclability. = The
thickness of the reflective layer is preferably not less than 300 A

The methods of forming the respective layers include evaporation,
sputtering and ion plating.

A method of confirming the presence of the crystallization assisted
layer in the optical information recording medium will be described next.

The first method is to observe a cross section of the optical
information recording medium, with a transmission electron microscope.
The elements of the crystallization assisted layer can be specified with the
aid of an electron beam diffraction apparatus and an energy dispersion X-
ray analysis apparatus. When the crystallization assisted layer is island-
like or very thin, it is difficult to confirm its presence, using this method.

The second method includes slowly etching layers formed on the
substrate of the optical information recording medium, by sputtering, in a
direction perpendicular to the substrate surface while analyzing elements
present at respective positions in the layers formed on the substrate, using
a secondary ion mass spectrometry (SIMS) or Auger electron spectroscopy
(AES). This method is effective when the crystallization assisted layer is
island-like or very thin.

According to this method, as the recording layer is slowly etched
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toward an interface between the recording layer and the crystallization
assisted layer while the elements are being analyzed, the quantity of
elements which compose the crystallization assisted layer increases toward
the interface between the crystallization assisted layer and its underlying
layer (generally, the dielectric layer), and after the interface is reached,
rapidly decreases. By finding this phenomenon, the presence of the
crystallization assisted layer will be known.

As an example, in the case of an optical disk which has a layer
structure of a substrate/a first dielectric layer/a crystallization assisted
layer/a recording layer/a second dielectric layer/a reflective layex/a UV set
resin layer, a method of confirming the presence of the crystallization
assisted layer, using the second method, will be explained as follows. First,
an adhesive tape is adhered to the UV set resin layer to thereby separate
the layered layer from the substrate. At this time, since the second
dielectric layer is generally separated from the recording layer, the
substrate on which the recording layer and the crystallization assisted
layer remain is put into the secondary ion mass spectrometry or Auger
electron spectroscopy to analyze the elements using by etching slowly from
the recording layer side.

In the case of an optical disk where the recording layer comprises
Ge, Te and Sb and where the crystallization agsisted layer is in the form of
a discontinuous island-like film of Bi, the presence of Ge, Te and Sb ia first
confirmed by analysis of the elements. As the layers on the substrate are
further etched, the presence of Biis recognized. By further etching, the
quantity of Bi increases whereas the quantities of Ge, Te and Sb decrease
gradually. When the dielectric layer is reached, no presence of Ge, Te, Sb

and Bi is recognized. Thus, when such phenomenon is found in the second




e

10

15

20

-13-

method, it can be determined that the optical disk comprises a
crystallization assisted layer comprised of a discontinuous island-like film
of Bi.

An optical disk whose recording layer is crystallized immediately
after its formation is easily distinguished from an optical disk whose
recording layer is crystallized in the initialization process, with the
following method .

In the optical disk whose recording layer is crystallized by an
initializing device using general laser-beam irradiation, the innermost and
oulermost peripheries of the recording layer are not initialized to remain
amorphous state due to the composition of the initializing device. Thus,
the innermost and outermost peripheries of the disk and ita intermediate
portion are different in reflectivity, which will be visually recognized by
those skilled in the art. In comparative examples, in the optical disk
whose recording layer is crystallized immediately after its formation and
not subjected to the initialization process, there is no such difference in

reflectivity because the whole surface of the recording layer is crystallized.

BRIEF DESCRIPTION CF THE DRAWINGS

FIG. 1 is a cross-sectional view of a layer structure of an optical
information recording medium corresponding to one embodiment of the
present invention;

FIG.2 is a triangular graph indicative of a preferable range of a
ratio of the respective elements of Ge-Sb-Te as the main components of the
recording layer;

FIG. 3 is a graph of diffraction X-ray spectra obtained by X-ray

diffraction from X-ray diffraction samples A-C of a second embodiment;
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FIG. 4 is a photograph of a thin layer corresponding to a
crystallization assisted layer of an example 3-1;

FIG. 5 is a photograph of a thin layer corresponding to a
crystallization assisted layer of an example 3-2; and

TIG. 6 is a graph of diffraction X-ray spectra obtained by X.ray
diffraction from X-ray diffraction samples A-G of a third embodiment.

BEST MOOD FOR CARRYING OUT THE INVENTION
Firgt Embodiment:

Phase change optical disks each having a layer structure of FIG. 1
were produced as follows:

First, as each substrate 1, a polycarbonate substrate with a center
hole was prepared, having a diameter of 120 mm, a thickness of 0.6 mm,
and a helical guide groove of 0,74 4 m inwidthand 1.4 g m in track pitch.

Then, formed on this substrate 1 were a first dielectric layer 2 of a
mixture of ZnS and Si0, (the content of 8i0, is 30 mole %) and having a
thickness of 2500 A, a crystallization assisted layer 3 produced of each of
materials shown in Table 1 and having a corresponding thickness also
shown in Table 1, a recording layer 4 of a Ge - Te - Sh alloy having a
thickness of 200 A, a second dielectric layer 5 of a mixture of ZnS and SiO,
(the content of Si0, is 30 mole %) having a thickness of 150 A, and a
reflective layer 6 of an Al - Ti alloy (the content of Ti is 1.1 atom %) having a
thickness of 800 A in this order. In a comparative example 1-1, no
crystallization assisted layer 3 was formed. A UV cured resin layer 7 was
formed on the reflective layer 6.

The formation of the first and second dielectric layers 2 and 5 was

performed by RF sputtering, using a mixture of ZnS and SiQ, (the content



10

15

20

25

.15-

of 8i0,; was 30 mole %) as the target. An argon gas was used as the
atmosphere gas for sputtering.

The formation of the crystallization assisted layer 3 was performed
by DC sputtering, using each of the materials whose purity was 99.9
atom % as the target. An argon gas was used as the atmosphere gas.

The formation of the recording layer 4 was performed by DC
sputtering, using a Ge - Te - Sb alloy as the target. An argon gas was used
as the atmosphere gas. Analysis of the recording layer 4 by a fluorescent
X-ray clarified that the composition of the formed recording layer was: Ge =
21 atom %, Te = 24 atom %, and Sb = 55 atom %.

The formation of the reflective layer 6 was performed by DC
sputtering, using an Al - Ti alloy (the contents of Ti was 1.1 atom %) as the
target. An argon gas was used as the atmosphere gas. l

The formation of the UV cured resin layer 7 was performed by apin-
coating the reflective layer 6 with a UV curable resin, and then by
irradiating the resin with UV rays.

Table 1, attached hereto, shows the materials and thicknesses,
erystal structures, the values of B of the expression (a) (atomic intervals of
the crystals), and the values of lattice unconformity calculated from the
expression (a) of the crystallization assisted layers the respective examples
and comparative examples.

The value of A of the expression (a) is 4.325 A. When the crystal
structure has a hexagonal system, the value of B is one of the atomic
interval in the a-axial direction and the atomic interval in the c-axial
direction, which has the smaller one of the differences between A and these
atomic intervals. When the crystal structure has a body-centered cubic

lattice system, the value of B is one of the atomic interval in a <100>
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direction and the atomic interval in a <111> direction, which has the
smaller one of the differences between A and these atomic intervals, When
the crystal structure has a monoclinic system, the value of B is the atomic
interval between the closest atoms.

First, the reflectivity and recording characteristics (CNR (Carrier to
Noise Ratio) and erase ratio) of each of examples 1-1 to 1-4 and comparative
examples 1-1 to 1-7 of uninitialized optical disks, thus obtained, were
measured. Then, the reflectivity and recording characteristics (CNR and
erase ratio) of each example after its initialization were measured.

The measurement of the CNR and erase ratio of the disk of each
example was performed after recorded once and by overwriting, 100 times.
The measurement of the reflectivity and the recording characteristics was
performed with the aid of a laser of a wavelength of 640 nm with an
objective lens having a NA of 0.6.

The initialization was performed by rotating the disk at a linear
velocity of 5 m/s and causing a laser beam of a wavelength of 820 nm to
scan the same place on the disk ten times or more. The cross-sectional
outline of the laser beam was an ellipse having a longer axis of 96 44m and a
shorter axis of 1.54m. Thus, a flat area between two adjacent guide
grooves was also initialized so as to have the same state as the guide
grooves.

The measurement of the disk reflectivity was performed on guide
groove-free flat portions of each disk before and after its initialization.
The measurement of the disk reflectivity after its initialization was
performed after it was confirmed that the disk was sufficiently crystallized
in the initialization process such that the reflectivity was saturated.

The measurement of the C/N ratio of each disk was performed
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after a single signal whose mark and space lengths were 0.614m was
recorded once and after the same signal was overwritten 100 times during
the disk rotation at a linear velocity of 6 m/s.

The measurement of the erase ratio was performed by measuring
an amount of a decrease in the carrier wave of a signal whose mark and
space lengths were 0.61 4 m after a signal whose mark and space lengths
were 0.614m was recorded once or overwritten 100 times and further a
signal whose mark and space lengths were 2.85//m was overwritten once.
The results of those measurements are together shown in Table 2 attached
hereto. .

As will be seen from Table 2, the erystal structures of the materials
which compose the crystallization assisted layers of the examples 1-1 to 1-4
are of a face-centered cubic lattice asystem and the absolute value of the
lattice unconformity is not more than 8 %. Thus, satisfactory results were
obtained before the initialization; that is, the C/N ratio was 45 d¢B or more,
the erase ratio was 20 dB or more, and the reflectivity was 15 % or more.
The difference hetween before and after the initialization about the
reflectivity, C/N ratic and erase ratio was small. There was no large
difference between after recorded once and 100 times about C/N ratio and
erase ratio. Thus, the necessity for the initialization process can be
eliminated.

In comparative examples, the comparative examples 1-1 to 1-7
exhibited no results which satisfied all of the conditions, that is; 45 dB or
more of the C/N ratio, 20 dB or more of the erase ratio, and 15 % or more of
the reflectivity as the characteristics before the initialization, but exhibited
satisfactory results after the initialization. Thus, the initializing step

cannot be eliminated. The crystal structures of the materials which
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compose the crystallization assisted layers of the comparative examples 1-
4 and 1-5 are of a rhombohedral lattice system, but contain Te. Thus,
those results were obtained.

The comparative example 1-4 used materials of the crystallization
assisted layer which contains Te and Se. Preferably, Se should not be used
because it has toxicity and is required to handle with care when the target
is produced or the layer is formed. Thus, the composition of the
comparative examples 1-4 is not preferable because the necessity for the

initialization process cannot be eliminated as well as the producing step is

complicated.
Second Embodiment:
E e 2-1:

A phase change optical disk having the same layer structure as the
FIG. 1 one was produced as follows.

First, a first dielectric layer 2 having a thickness of about 1400 A
was formed on a polycarbonate substrate 1 having a diameter of 90 mm and
a thickness of (.6 mm with a guide groove for a laser beam by RF sputtering
with the aid of a target of ZnS — Si0,. A Sb layer having a thickness of 50
A was then formed as the crystallization assisted layer 3 on the first
dielectric layer 2 by sputtering with the aid of a target of Sh.

A recording layer 4 having a thickness of 200 A of Ge,Te Sb, was
formed on the crystallization assisted layer 3 by sputtering with the aid of a
target of a Ge - Te - Sb alloy. A second dielectric layer 5 having a thickness
of 200 A was then formed on the recording layer 4 by sputtering with the
aid of a target of ZnS - Si0,. Areflective layer 6 having a thickness of 1500

A was then formed on the second dielectric layer 5 by sputtering with the
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aid of a target of an Al alloy. A UV curable resin was then spin-coated on
the reflective layer 6 to be cured to thereby form a UV cured resin layer 7.
In the recording layer 4 of the phase change optical disk, the ratio x,
v, and z of the respective quantities of the component elements Ge, Sb and
Te (Ge:Sh:Te=x:y:zwherex+y+z=1)was 0.22 : 0.22 : 0.56, which

satisfied the expressions (1)-(3) simultaneously.

Comparative Example 2-1:
A phase change optical disk was produced in a manner similar to
that in which the example 2-1 was produced, excluding that no

erystallization assisted layer 3 was formed.

Example 2-2:

A phase change optical disk having the same layer structure as the
FIG. 1 one was produced as follows:

A first dielectric layer 2 having a thickness of about 1400 A was
formed on a substrate 1 similar to that of the example 2-1 in a manner
similar to that in which the example 2-1 was produced. A Sb layer having
a thickness of 65 A was then formed as the crystallization assisted layer 3
on the first dielectric layer 2 in a manner similar to that in which the
example 2-1 was produced. Then, the crystallization assisted layer 3 was
irradiated with light (for five minutes at a power of 500 W) from a halogen
lamp to further erystallize the crystallization assisted layer 3.

A recording layer 4 of Ge, Te,,Sby, having a thickness 225 A was
then formed on the crystallization assisted layer 3 by sputtering with the
aid of a target of a Ge - Te - Sb alloy. Asecond dielectric layer 5 of ZnS -

Si0, having a thickness of 200 A, and a reflective layer 6 of an Al alloy
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having a thickness of 1500 A were then sequentially formed by sputtering
on the recording layer 4 in a manner similar to that in which the example
2-1 was produced. A UV cured resin layer 7 was then formed and set on
the reflective layer 6 as in the example 2-1.

In the recording layer 4 of the phase change optical disk, the ratio x,
y, and z of the respective quantities of the component elements Ge, Sb, and
Tewas Ge :Sb:Te=x:y:2=0231:021 : 0.57 wherex+y+z=1, and

satisfied the expressions (1)-(3) simultaneously.

Example 2-3:

A phase change optical disk having the same layer structure as the
FIG. 1 one was produced as follows:

A first dielectric layer 2 having a thickness of about 1400 A was
formed on a substrate 1 similar to that of the example 2-1 in a manner
similar to that in which the example 2-1was produced. A Bi layer having
a thickness of 50 A was then formed as the crystallization assisted layer 3
on the first dielectric layer 2 by sputtering with the aid of a target of Bi.
Then, the crystallization assisted layer 3 was irradiated with light (for five
minutes at a power of 500 W) from a halogen lamp to further crystallize the
crystallization assisted layer 3.

A recording layer 4 of Gey;Te;,Sh,, having a thickness of 225 A was
then formed on the crystallization assisted layer 3 by sputtering with the
aid of a target of a Ge - Te - Sb alloy. A second dielectric layer 5 of ZnS -
Si0O, having a thickness of 200 A, and a reflective layer 6 of an Al alloy
having a thickness of 1500 A were then sequentially formed by sputtering
on the recording layer 4 in a manner similar to that in which the example

2-1 was produced. A UV cured resin layer 7 was then formed and set on
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the reflective layer 6 as in the example 2-1.

| In the recording layer 4 of the phase change optical disk, the ratio x,
y, and z of the respective quantities of the component elements Ge, Sh, and
Tewas Ge :Sb:Te=x:y:z2=023:023 :0.54wherex+y+z=1, and

satisfied the expressicns (1)-(3) simultaneously.

Example 2-4:

A phase change optical disk having the same layer structure as the
FIG. 1 was produced as follows:

A first dielectric layer 2 having a thickness of about 1400 A was
formed on a substrate 1 similar to that of the example 2-1 in a manner
similar to that in which the example 2-1 was produced. A Bi layer having
a thickness of 50 A was then formed as the crystallization assisted layer 3
on the first dielectric layer 2 by sputtering with the aid of a target of Bi.

A recording layer 4 of Ge,,Te;;Sb,, having a thickness of 225 A was
then formed on the crystallization assisted layer 3 by sputtering with the
aid of a target of a Ge - Te - Sb alloy. A second dielectric layer 5 of ZnS -
510, having a thickness of 200 A, and a reflective layer 6 of an Al alloy
having a thickness of 1500 A were then sequentially formed by sputtering
on the recording layer 4 in a manner similar to that in which the example
2-1 was produced. A UV cured resin layer 7 was then formed and set on
the reflective layer 6 as in the example 2-1.

In the recording layer 4 of the phase change optical disk, the ratio X,
¥, and z of the respective quantities of the component elements Ge, Sb, and
TewasGe:Sb:Te=x:y:z=017:028:0.55 wherex+y +z= 1, and

satisfied the expressions (1)-(3) simultaneously.




10

15

20

25

29.

Example 2-5:

A phase change optical disk having the same layer structure as the
FIG. 1 was all produced in a manner similar to that in which the example
2-4 was produced, excluding formation of a layer of Gey,Te;,Shy having a
thickness of 225 A as the recording layer 4.

In the recording layer 4 of the phase change optical disk, the ratio x,
y, and z of the respective quantities of the component elements Ge, Sb, and
TewasGe:Sb:Te=x:y:z2=037:0.09: 054 wherex+y+z=1, and

satisfied the expressions (1)-(3) simultaneously.

Example 2-6:

A phase change optical disk having the same layer structure as the
FIG. 1 was all produced in a manner similar to that in which the example
2-1 was produced, excluding that the thickness of the first dielectric layer 2
of ZnS - 5i0, was 1200 A; that the thickneas of the erystallization assisted
layer 3 of Sb layer was 100 A; that the thickness of the recording layer 4 of a
Ge,Te.Sh, alloy was 2504; that the thickness of the second dielectric layer 5
of Zn$ - Si0, was 150 A; and that the thickness of the reflective layer 6 of
an Al alloy was 500 A.

An X-ray diffraction sample A was produced which comprised
respective layers formed on a smooth glass substrate with each of the
respective layers being exactly the same in structure as a corresponding
one of the layers of the last mentioned disk.

An X-ray diffraction sample B was also produced in a manner
gimilar to that in which the sample A was produced, excluding that the
thickness of a Sb layer as the crystallization assisted layer 3 having a

thickness of 180 A was formed on the smooth glass substrate and that no
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layers corresponding to the recording layer 4, reflective layer 6 and UV

cured resin layer 7 were formed.

Comparative Example 2-2:

5 A phase change optical disk was preduced in a2 manner similar to
that in which the example 2-6 was produced, excluding that no layer
corresponding to the crystallization assisted layer 3 was formed.

An X-ray diffraction sample C was produced which comprises
respective layers formed on a smooth glass substrate with each of the layers
10  being exactly the same in structure as a corresponding one of the layers of

the last-mentioned disk.

Example 2-7:
A phase change optical disk having the same layer structure as the
15 FIG. 1 was all produced in a manner similar to that in which the example
2-4 was produced, excluding formation of a layer of Ge,Te,,Sh, having a
thickneas of 225 A as the recording layer 4.
In the recording layer 4 of the phase change optical disk, the ratio x,
y, and z of the respective quantities of the component elements Ge, Sh, and
20 TewasGe:Sb:Te=x:y:z=043 (= 43/99):0.04 (= 4/99) : 0.53 (= 52/99)
where x+ y+ z=1. The value of x was larger than an upper limit of the
range of the expression (1) and the value of y was smaller than a lower limit

of the range of the expression (2).

25 Exa -8:
A phase change optical disk having the same layer structure as the

FIG. 1 was all produced in a manner similar to that in which the example
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2-4 was produced, excluding formation of a layer_of GeyTe,Shy, having a
thickness of 225 A as the recording layer 4.

In the recording layer 4 of the phase change optical disk, the ratio x,
y, and z of the respective quantities of the component elements Ge, Sb, and
TewasGe:Sh:Te=x:y:2=0.25:0.35:0.40 wherex+y+z=1. The

value of z was smaller than a lower limit of the range of the expression (3).

Example 2-9:

A phase change optical disk having the same layer structure as the
FIG. 1 was all produced in a manner similar to that in which the example
2-4 was produced, excluding formation of a layer of Ge,Te,,Sbh;having a
thickness of 225 A as the recording layer 4.

In the recording layer 4 of the phase change optical disk, the ratio x,
vy, and z of the respective quantities of the component elements Ge, Sb, and
TewasGe:Sbh:Te=x:y:2=0.25:043:032wherex+y+z=1. The

value of z was smaller than a lower limit of the range of the expression (3).

Ex le 2-

A phase change optical disk having the same layer structure as the
FIG. 1 was all produced in a manner similar to that in which the example
2-4 was produced, excluding formation of a layer of Ge,Te,,Sh,,having a
thickness of 225 A as the recording layer 4.

In the recording layer 4 of the phase change optical disk, the ratio x,
¥, and z of the respective quantities of the component elements Ge, Sb, and
TewasGe:Sb:Te=x:y:2=0.20:0.13: 067 wherex+y+z=1. The

value of z is larger than an upper limit of the range of the expression (3).
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Advantageous Effects Produced
tallizatio igted 1

The reflectivity and recording characteristics (CNR (Carrier to
Noise Ratio) and erase ratio) of each of the optical disks of the examples 2-
1 to 2-10 and comparative examples 2-1 and 2-2, thus obtained, were
measured before its initialization. They were also measured after
initialization.

The initialization was performed by irradiating the respective disks
with a laser beam having wavelength of 630 nm, using “MO Disk Bulk
Eraser LK101A” manufactured by K.K. Shibasoku. The measurement of
the recording characteristics was performed as follows. First, a laser
beam having a wavelength of 680 nm was modulated for each sample
between an optimal peak power and an optimal bias power. Each optical
disk sample which was rotating at 1800 rpm was irradiated with the
modulated laser beam to perform initial recording with a first recording
signal and the CNR was then measured. Next, the initial recording signal
on the sample was overwritten by a recording signal different from the first
recording signal , and an erase ratio of the initial recording signal was then
measured.

In the samples of the examples 2-1 to 2-3, 2-8, 2-9 and the
comparative example 2-1, the first and second recording signal frequencies
were 1.08 and 3.89 MHz, respectively. In the samples of the examples 2-4
to 2-7, 2-10 and the comparative example 2-2, the first and second recording
signal frequencies were 3.89 and 1.08 MHz, respectively.

The results of measurement of those characteristics are shown in
Table 3 attached hereto. In the samples of the examples 2-8 to 2-10, the

reflectivity of the initial records on each disk before the initialization was
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excessively low and the CNR and erase ratio could not be measured.

As will be seen from Table 3, the difference between before and after
the initialization about the reflectivity, CNR and erase ratio of each of the
samples of the examples 2-1 to 2-6 is small compared to the samples of the
comparative examples 2-1 and 2-2 which include no crystallization assisted
layer. It will be seen in each of the samples of the examples 2-1 to 2-6 that
its recording layer has been crystallized by the related erystallization
assisted layer and that its recording characteristics have been improved.
It will be seen that especially in the examples 2-2 and 2-3 where the
crystallization assisted layer was crystallized before the recording layer
was formed, there is little difference between before and after the
initialization about the reflectivity, CNR and erase ratio. Thus, it will be
seen that the necessity for initialization process will be eliminated. In the
samples of the examples 2-1 to 2-3, the especiall& preferable results that
the CNR and the erase ratio were 53 and 25 dB or more, respectively, were
obtained.

By comparison of the examples 2-3 to 2-5 and 2-7 to 2-10 which each
comprise the Bi layer having the same thickness of 50 A as the
crystallization assisted layer but which are different in the composition of
the recording layer, it will be seen that since the ratio X : v : z indicative of
the composition of the recording layer of each of the samples of the
examples 2-7 to 2-10 does not satisfy the expressions (1)-(3) simultaneously,
the recording layer is difficult to erystallize and that the reflectivity before

the initialization is very low compared to the examples 2-3 to 2-5.

Results of X-Ray Diffraction:
The orientations of crystals of the crystallization assisted layers
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and recording layers of the X-ray diffraction samples A-C, produced as
described above, were examined in the X-ray diffraction apparatus
manufactured by K.K. Rigaku with a CuK a1 as the light source.

Since the crystal structure of the crystal phase of the phase change
optical disk’s recording layer (Ge - Sb - Te type) had a NaCl structure, the
crystal structure of the recording layer was given an index representing the
Na(l structure. Since Sb or Bi was used as the crystallization assisted
layer material, the crystal structure of crystallization assisted layér was
given an index representing a rhombohedral structure. Giving an index
representing a rhombohederal structure was performed by converting the
rhombohederal structure to a hexagonal lattice system, as is generally
performed.

FIG. 3 is a chart of diffraction X-ray spectra where a vertical axis
represents a diffraction intensity (I) and a horizontal axis a doubled value
of a diffraction angle & obtained from the respective samples A-C. .

It was seen that when the sample C was directly subjected to X-ray
diffraction, no diffraction peaks were observed and that its recording layer
was amorphous‘ Thus, this sample was heated in an oven at a
temperature of 275 °C for 10 minutes. Then, the resulting sample (new
sample C) was again subjected to X-ray diffraction to obtain its spectra
shown in FIG. 3.

It will be seen from this chart that the sample A (having its
crystallization assisted layer provided immediately under the recording
layer) vexhibits peaks in (111}, {(222) and (003) at angles of 26 = 25.7, 52.9
and 23.7 degrees, respectively. It will be also seen that the sample B

(including only the first dielectric layer and crystallization assisted layer)

exhibits peaks in (003) and (006) at angles of 26 = 23.7 and 48.5 degrees,
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respectively. It will be further seen that the sample C (having exactly the
same structure as the sample A, excluding that no crystallization assisted
layer is provided) exhibits peaks in (200), (220} and (222) at angles of 20 =
29.7, 42.7 and 52.9 degrees, respectively.

Since the peaks in (111) (222) of the GeSbTe crystal appeared in the
X-ray diffraction pattern of the sample A, it will be seen that the recording
layer of the sample A was crystallized after its formation.

The orientation of Sb atoms which compose the crystallization
assisted layer can be known from the chart of the sample B. More
particularly, it will be known that powder Sb has high peak intensities in
(012) and (104) whereas the Sb atoms of the Sb film formed on the first
dielectric layer are oriented in {(003) and (006) planes.

By comparing the samples A and C, it will be known that the
orientations of their crystals differ depending on whether they include a
crystallization assisted layer even when they have recording layers of the
same composition and thickness. In this particular example, the presence
of the crystallization assisted layer causes peaks in the (200) and (220) to

disappear.

dime

Example 3-1:

A phase change optical disk having the same layer structure as the
FIG. 1 was produced as follows.

First, a first dielectric layer 2 having a thickness of about 100 nm
was formed on a polycarbonate substrate 1 having a diameter of 90 mm and
a thickneas of 0.6 mm with a guide groove for a laser beam by RF sputtering
with the aid of a target of ZnS — Si0,. A Bi film having a thicknesa of 3 nm
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was then formed as the crystallization assisted layer 3 on the first dielectric
layer 2 by sputtering with the aid of a target of Bi.

A recording layer 4 of Ge,,Teg;,Sb,;, having a thickness of 20 nm
was formed on the crystallization assisted layer 3 by sputtering with tile
aid of a target of a Ge — Te —Sb alloy. A second dielectric layer 5 having a
thickness of 12 nm was then formed on the recording layer 4 by sputtering
with the aid of a target of ZnS - Si0,. A refleciive layer 6 having a
thickness of 70 nm was then formed on the second dielectric layer 5 by
sputtering with the aid of a target of an Al alloy. A UV curable reasin was
then spin-coated on the reflective layer 8 to be set to thereby form a UV
cured resin layer 7.

The recording characteristics of the optical disk, thus obtained,
were measured without initialization as follows: First, a laser beam having
a wavelength of 680 nm was modulated between a peak power of 12 mW
and a bias power of 5 mW. The sample of the optical disk was rotated at a
linear velocity of 6 m/s while being irradiated with the modulated laser
beam to perform its initial recording and its CNR was measured. The
recording frequency was 5 MHz and the read power was 1 mW. The CNRs
of records on the optical disks were measured after the two, three and four
overwriting or recording operations.

The CNRs measured after the one, two, three and four overwriting
or recording operations were 49.7, 48.8, 48.7 and 48.3 dB, respectively. It
will be seen that the CNR decreased by 0.9 dB after the two recording
operations.

The state of the sample present' after the formation of its
crystallization assisted layer 3 and before the formation of its recording

layer 4 was observed with the aid of a high resolution SEM (UHRSEM
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which was HITACHI S-5000 preduced by Hitachi Seisakusho) at an
acceleration voltage of 15 kV. A photograph of its reflective electron image
is shown in FIG. 4.

It will be seen from this photograph that the crystallization assisted
layer 3 is in the form of a discontinuous island-like film in which mest of the
islands have a length of 8-40 nm with the longest one being 70 nm. The
interval between the islands was 20 nm at a maximum. Measurement by
an atomic force microscope (AFM: Topo Metrix TMX-2000) in a contact

mode clarified that an average thickness of the islands was 2.04 nm.

Example 3-2:

A phase change optical disk having the same layer structure as the
FIG. 1 was produced in a manner similar to that in which the example 3-1
was produced, excluding that a Bi layer having a thickness of about 1.5 nm
was formed as the crystallization assisted layer 3.

The recording characteristics of the optical disk, thus obtained,
were measured without initialization as in the example 3-1. The CNRs
measured after the one, two, three and four overwriting or recording
operations were 51.7, 52.1, 51.8 and 52.0 dB, respectively. It will be seen
that no decrease occurred in the CNR after the two recording operations or
more.

The state of the sample present after the formation of its
crystallization assisted layer 3 and before the formation of its recording
layer 4 was observed with the aid of the high resolution SEM in a manner
similar to that performed in the Example 3-1. A photograph of its
reflective electron image is shown in FIG. 5.

It will be seen from this photograph that the crystallization assisted
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layer 3 i8 in the form of a discontinuous island-like film in which most of the
islands have a length of 4-20 nm with the longest one being 25 nm and that
the interval between the islands was 13 nm at a maximum. Measurement
gimilar to that of the Example 3-1 in a contact mode clarified that an

average thickness of the islands was 1.73 nm.

Example 3-3:

A phase change optical disk having the same layer structure as the
FIG. 1 was produced in a manner similar to that in which the example 3-1
was produced, excluding that a Bi layer having a thickness of about (.65
nm was formed as the crystal]ization assisted layer 3.

The measurement of the recording characteristics of the
uninitialized optical disk, thus obtained, clarified that its CNR was 50.8 dB
after recorded first time, 51.1 dB after recorded twice, 51.3 dB after
recorded three times, and 51.3 dB after recorded four times. That is, no

decrease in the CNR occurred after recorded twice or more.

Example 3-4:

A phase change optical disk having the same layer structure as the
FIG. 1 was produced in a manner similar to that in which the example 3-1
was produced, excluding that a Bi layer having a thickness of about 0.3 nm
was formed aa the crystallization assisted layer 3.

The measurement of the recording characteristics of the
uninitialized optical disk, thus obtained, clarified that its CNR was 54.0 dB
after recorded first time, 54.1 dB after recorded twice, 53.9 dB after
recorded three times, and 54.2 dB after recorded four times. That is, no

decrease in the CNR occurred after recorded twice or more.
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Although the state of this sample present after the formation of its
crystallization assisted layer 3 and before the formation of the recording
layer 4 was observed with the aid of the high-resolution SEM as in the
example 3-1, no island-like objects could not be recognized. Since the
resolution of this device was 0.7 nm, it was considered that the size of the
island-like objects as the crystallization assisted layer 3 was less than 0.7
nm. An average thickness of the island-like objects was measured as 1.01

nm in a manner similar to that used in the example 3-1.

Example 3-5:

A phase change optical disk having the same layer structure as the
FIG. 1 was produced in a manner similar to that in which the example 3-1
was produced, excluding that the first dielectric layer 2 had a thickness of
115 nm, that the crystallization assisted layer 3 of Bi had a thickness of 1.5
nm, that the recording layer 4 comprised a Ge,, Tey,Sh,, ; layer having a
thickness of 22 nm, and that the reflective layer 6 of an Al a]}oy had a
thickness of 50 nm.

The measurement of the recording characteristics of the
uninitialized optical disk, thus obtained, performeri in a manner similar to
that performed for the example 3-1, clarified that its CNR was 53.2 dB after
recorded first time, 53.3 dB after recorded twice, 53.2 dB after recorded
three times, and 53.2 dB after recorded four times. That is, no decrease in

the CNR occurred after recorded twice or more.

Example 3-6:
A phase change optical disk having the same layer structure as the

FIG. 1 was produced in a manner similar to that in which the example 3-1
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was produced, excluding that a Bi layer having a thickness of about 5.0 nm
was formed as the crystallization assisted layer 3.

The measurement of the recording characteristics of the
uninitialized optical disk, thus obtained, clarified that its CNR was 50.7 dB
after recorded first time, 47.5 dB after recorded twice, 47.9 dB after
recorded three times, and 47.2 dB after recorded four times. That is, a
decrease 3.2 dB in the CNR occurred after recorded twice.

When the state of this sample present after the formation of its

crystallization assisted layer 3 and before the formation of the recording

. layer 4 was observed with the aid of the high-resolution SEM as in the

example 3-1, it was found that the crystallization assisted layer 3 was

formed in a continuous film.

Advantageous Effects Produced by
he C llization Assisted 1 :

It will be seen from the results of the examples 3-1 to 3-6 that when
the crystallization assisted layer 8 of Bi was formed as a discontinuous
island-like film, the necessity for the initialization process for crystallizing
the recording layer formed on the crystallization assisted layer 3 was
eliminated, and that the CNRs measured after the two or more recording
operations by overwriting were not lower than that measured in the initial
recording operation.

It will also be known that the crystallization assisted layer 3 of Bi
was formed 8o as to have a thickness of less than 3 nm to thereby provide a
discontinuous island-like film by general sputtering (when the sputtering
conditions were: for example, the sputtering gas was Ar, the sputtering

pressure was 0.5 Pa, and the power consumed was DC 10 W).
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When the length of the island-like crystallization assisted layer is
less than 100 nm, its discontinuous island-like film is easily obtained by
general sputtering which lacks patlerning, for example. For the island-
like crystallization assisted layer 3, preferably, its length is less than 80 nm,

and the maximum gap between two adjacent islands is less than 50 nm.

Crystal Stru ' i r and
Crystallization Assisted layer:

An X-ray diffraction sample A was produced having the same layer
structure as the example 3-5, excluding that no UV cured resin layer 7 was
formed on its cover glass.

An X.ray diffraction sample B was produced having the same layer
structure as the sample A, excluding that no crystallization assisted layer 3
was formed.

An X-ray diffraction sample C was produced having the same layer
structure as the sample A, excluding that the recording layer 4 had a
composition of Ge,, ;Sby . Te,, ,.

An X-ray diffraction sample D was produced having the same layer
structure as the sample A, excluding that the recording layer 4 had a
composition of Ge,, ,Sh,,; Te.. ..

An X-ray diffraction sample E was produced having the same layer
structure as the sample A, excluding that the recording layer 4 had a
composition of Ge,, ;Sb,, ,Teg, ..

An X-ray diffraction sample F was produced having the same layer
structure as the sample A, excluding that the recording layer 4 had a
composition of Ge,; Sb, . Te,, ,.

An X-ray diffraction sample G was produced having the same layer
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structure as the sample A, excluding that the recording layer 4 had a
composition of Ge,,Te, .

Since the samples A, C-F each had a discontinuous island-like film
of Bi as the crystallization assisted layer 3, its recording layer 4 was
crystallized by the crystallization assisted layer 3. Since the sample B
lacked the crystallization assisted layer 3, its recording layer 4 had not
been crystallized. Thus, the sample B was heated at 275°C for 10 minutes
in an oven to crystallize the recording layer. The sample B, thus obtained,
was subjected to X-ray diffraction. The sample G had the erystallization
assisted layer 3, but its recording layer 4 was not crystallized immediately
after its formation.

Those X-ray diffraction samples A-G were each put on the X-ray
diffraction apparatus to examine the orientation of the crystals of the
crystallization assisted layer and the recording layer. In this case, the X-
ray diffraction apparatus produced by K.K.. Rigaku, and CuKal as the
light source were used. Since the crystal structure of the phase change
optical disk recording layer (Ge - Sb - T&) in its crystalline phase was a NaCl
structure, the crystal structure 6f the recording layer was regarded as
having the NaCl structure and given a corresponding index.

FIG. 6 is a chart of the diffraction X-ray spectra of the respective
samples A-G where the vertical axis represents a diffraction intensity ()
and the horizontal axis a doubled value of the diffraction angle 6.

It will be seen from this chart that the samples A-F exhibit peaks in
(200) at 28 = 29.7 degrees whereas the sample G has no such peak. The
intensity of the peak tends to decrease as the Ge content of the recording
layer increases and its Sh content decreases.

The sample B has peaks in (220) and (222) at 26 = 42.7 and 52. 9
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degrees, respectively, in addition to the peakin (200) at 20 =29.7. Thisis
considered to be due to the sample B lacking a crystallization assisted layer
3. It will be seen that by forming a discontinuous island-like film of Bi as
the crystallization assisted layer 3 and further forming a recording layer 4
of Ge - Sb - Te on the crystallization assisted layer 3, the crystals of the

recording layer 4 is easily oriented strongly in a surface (200} alone.

Fourth Embodiment:

Example 4-1:

A phase change optical disk having the same layer structure as the
FIG. 1 was produced as follows.

First, a first dielectric layer 2 having a thickness of about 100 nm
was formed on a polycarbonate substrate 1 having a diameter of 90 mm and
a thickness of 0.6 mm with a guide groove for a laser beam and
irregularities for address signals by RF sputtering with the aid of a target
of ZnS — Si0,. A Bilayer having a thickness of 1.5 nm was then formed as
the crystallization assisted layer 3 on the first dielectric layer 2.

A recording layer 4 of Ge,;Te,,Sb,, having a thickness of 23 nm was
formed on the crystallization assisted layer 3. The temperature of the
substrate 1 was 35 °C before the formation of the recording layer 4 during
which the temperature of the substrate 1 did not rise. A second dielectric
layer 5 of ZnS — Si0, having a thickness of 20 nm and a reflective layer 6 of
Al alloy having a thickness of 150 nm were then formed sequentially on the
recording layer 4 by sputtering. A UV curable resin was then spin-coated

on the reflective layer 6 and set to thereby form a UV cured resin layer 7.

Example 4 - 2:
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A phase change optical disk having the same layer structure as the
FIG. 1 was produced in a manner similar to that in which the example 4-1
was produced, excluding that after the crystallization assisted layer 3 was
formed, the substrate 1 was irradiated with light from a halogen lamp to
heat the substrate up to 75°C, and that the recording layer 4 was then
formed immediately. The temperature of the substrate was maintained in
a range of from 45 through 75°C inclusive during the formation of the

recording layer 4.

Example 4 - 3:

A phase change optical disk having the same layer structure as the
FIG. 1 was produced in a manner similar to that in which the example 4-1
was produced, excluding that after the erystallization assisted layer 3 was
formed, the substrate 1 was heated up to 55°C with a heater. The
temperature of the substrate was maintained in a range of from 45 through

55°C ineclusive during the formation of the recording layer 4.

Example 4 -

A phase change optical disk having the same layer structure as the
FIG. 1 was produced, excluding that immediately after the disk was formed
up to the crystallization assisted layer 3 in a manner similar to that in
which the example 4 - 1 was produced, a recording layer 4 of Ge, Te;,Sb,;
alloy having a thickness of 23 nm was formed, that the temperature of the
substrate was 45°C immediately after the formation of the crystallization
assisted layer 3, and that the temperature of the substrate was maintained
45°C during the formation of the recording layer 4. The other conditions

were all identical to those of the example 4 - 1.
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Example 4 - 5:

A phase change optical disk having the same layer structure as the
FIG. 1 was produced in a manner similar to that in which the example 4-1
was produced, excluding that after the formation of the crysiallization
assisted layer 3 the substrate 1 was irradiated with light from a halogen
lamp to heat the substrate up to 115°C, and that a recording layer 4 of
Ge,,Te;Shy, alloy having a thickness of 23 nm was then formed

immediately.

he ting of the Substrate
when the Recording Layer was Formed:

The reflectivity and recording characteristics (CNR and erase ratio)
of each of the optical disks of the examples 4 - 1 to 4 - 5, thus obtained,
before the initialization were measured.

The reflectivity of each optical disk was measured, using a laser
having a wavelength of 680 nm iﬁ:mediately after the disk was obtained as
such and after its accelerating test was performed (in which the disk was
held within a tank of a humidity of 90 % at a temperature of 80°C for 300
hours).

The recording characteristics of each disk were measured as follows.
First, the laser beam having a wavelength of 680 nm was modulated
between an optimal peak power and an optimal bias power for each sample.
By irradiating the optical disk sample which was rotating at 1800 rpm with
the modulated laser beam, it was subjected to initial recording (its
recording frequency was 1.08 MHz), and then its CNR was measured.

Then, the initial recording signal recorded on the disk was

overwritten by a recording signal (having a frequency of 3.89 MHz)
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different from the initial recording signal (having a frequency of 1.08 MHz),
and then the erase ratio of the initial recording signal was measured.

Those results are together shown in Table 4, attached hereto, on
which numerical values appearing on the right of respective arrows in the
reflectivity column are obtained immediately after the acceleration test.
The optical disk of the example 4 - 5 was measured by the measuring device,
but address signals could not be read well in many places, and cannot be
used.

As will be seen from Table 4, the reflectivitys of the optical disks of
the examples 4 - 2 to 4 - 4 whose recording layers were formed at a
substrate temperature in a range of from 45 through 110°C inclusive were
not substantially changed by the acceleration test. In comparative
examples, the optical disks of the example 4 - 1 whose recording layer was
formed at a substirate temperature of 35°C was insufficiently crystallized.
Thus, changes in its reflectivity due to the acceleration test were found.
The erase ratio of the optical disks of the examples 4 - 2 to 4 - 4 were
satisfactory compared to the optical disk of the example 4 - 1.

As will be known from the above, in this embodiment, when the
optical disks whose recording layer were formed at a substrate temperature
in a range of from 45°C through a substrate deforming temperature
inclusive were used without the initialization process, those optical disks
exhibited stabilized characteristicsa compared to those disks whose
recording layers were formed at a substrate temperature of 35°C. In many
cases, however, even when the recording layers were formed at a substrate
temperature of less than 45°C, the recording layers were sufficiently

crystallized to thereby provide stabilized characteristics.
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Fifth Embodiment:
Example 5 —1:

A phase change optical disk having the same layer structure as the
FIG. 1 was produced as follows.

First, a first dielectric layer 2 having a thickness of about 80 nm
was formed on a polycarbonate substrate 1 having a diameter of 120 mm
and a thickness of 0.6 mm with a guide groove for a laser beam by RF
sputtering with the aid of a target of Zn8S — Si0,. A Bi layer having a
thickness of 1.5 nm was then formed as the crystallization assisted layer 3
on the first dielectric layer 2 by sputtering with the aid of a target of Bi.

A recording layer 4 of Ge,,Te;,Shy; having a thickness of 22 nm was
formed on the crystallization assisted layer 3 by sputtering with the aid of a
target ofa Gé —Te —Sb alloy. A second dielectric layer 5 having a thickness
of 12 nm was then formed on the recording layer 4 by sputtering with the
aid of a target of ZnS - Si0,. A reflective layer 6 having a thickness of 100
nm was then formed on the second dielectric layer 5 by sputtering with the
aid of a target of an Al alloy. A UV curable resin was then spin-coated on
the reflective layer 6 and set to thereby form a UV cured resin layer 7.

During the .formation of the recording layer 4, the temperature of
the substrate was maintained at 85°C. The first dielectric layer 2,
crystallization assisted layer 3, recording layer 4, second dielectric layer 5
and reflective layer 6 were all formed within an atmosphere of an argon

gas.

Ex -2
A phase change optical disk having the same layer structure as the

FIG. 1 was produced in a manner similar to that in which the example 5 — 1
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was produced, excluding that the crystallization assisted layer 3 was

formed within an atmosphere of an argon gas plus a nitrogen gas of 4

volume %.
Example 5 - 3:

A phase change optical disk having the same layer structure as the
FIG. 1 was produced in a manner similar to that in which the example 5— 1
was produced, excluding that the crystallization assisted layer 3 was
formed within an atmosphere of an argon gas plus a nitrogen gas of 8

volume %,.

Example 5 — 4:

A phase change optical disk having the same layer structure as the
FIG. 1 was produced in a manner similar to that in which the example 5 —
lwas produced, excluding that the crystallization assisted layer 3 was
formed within an atmosphere of an argon gas plus a nitrogen gas of 16

volume %.

Example 6 — &:

A phase change optical disk having the same layer structure as the
FIG. 1 was produced in a manner similar to that in which the example 5 — 1
was produced, excluding that the crystallization assisted layer 3 was
formed within an atmosphere of an argon gas plus a nitrogen gas of 24

volume %.

Example 5 — 6:

A phase change optical disk having the same layer structure as the
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FIG. 1 was produced in a manner similar to that in which the example 51
was produced, excluding that the crystallization assisted layer 3 was
formed within an atmosphere of an argon gas plus a nitrogen gas of 32

volume %.

Effects Produced hy Addition of Nitrogen
stallizati i er:

The reflectivitys and recording characteristics of each of the optical
disks of the examples 5 - 1 to b - 6 were measured before its initialization.
First, the laser beam having a wavelength of 680 nm was modulated
between a peak power of 11 mW and a bias power of 5 mW depending on the
recording signal. By irradiating the optical disk sample rotating at a
linear velocity of 6 m/s with the modulated laser beam, the initial recording
was performed. The resulting records on the disk sample were read and
its reflectivity and jitter were then measured.

Next, the disk was overwritten by a recording signal, which
produced records identical to the initial ones, 10, 1000, 20000, 30000, 50000,
and 100000 times, the respective records were read, and then the
corresponding jitters were‘ measured. The results of those measurements
are together shown on Table 5 attached hereto.

As will be seen from Table 5, the optical disks of the examples 5 - 2
to 5 - 6 whose crystallization assisted layers were formed within the
atmosphere containing a nitrogen gas were low in jitter value compared to
the optical disk of the example 5 - 1 example whose crystallization assisted
layer was formed within & nitrogen gas-freec atmosphere, when the
overwriting was performed repeatedly 20, 000 times or more. The optical

disks of the examples 5 — 2 to 5 - 6 are excellent in overwrite cyclability
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compared to the optical disk of the example 5 - 1.

The crystallization assisted layer formed within the atmosphere
containing the nitrogen gas contains nitrogen, which is considered to
improve the overwrite cyclability.

The reascn why the overwrite cyclability of the disks are improved
due to nitrogen being contained in the crystallization assisted layer can be
presumed as follows. The nitrogen contained in the crystallization
assisted layer gradually exudes out into the recording layer as the
recording/erasing operations are repeated to change the recording layer
present in the crystal state to a finer-crystal layer, to increase the viscosity
of the recording layer present in the crystal state and to increase the
crystallizing temperature of the recording layer. Especially, it is
considered that nitrides which will be formed on the interfac;e due to the
changing of the recording layer to the finer-crystal layer restraina the
recording layer from partially thinning due to movement of materials of the
recording layer (flow of the materials of the recording layer in its direction
of rotation during melting).

As a quantity of nitrogen contained in the crystallization assisted
layer increases, the overwrite cyclability improve. If the quantity of
nitrogen increases excessively, the crystallization becomes insufficient to
thereby decrease the reflectivity. It is to be noted that since 15. 5 and 15.
2 % of the reflectivitys of the examples 5 - 5 and 5 - 6 are in an a usable
range, there are no problems. The optical disks of the examples 5 - 5 and 5
- 6 where the content of a nitrogen gas in the layer forming atmosphere was
high have high jitter values compared to other optical disks after the
recording was performed 1, 000 times, but are less than 15 %, which is

eonsidered as not raising any questions practically.
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Joint MORIS (Magneto-Optical Recording International
Symposium/ISOM (International Symposium on Optical Memory) '97
Technical Digest p.292 reported that addition of nitrogen to the recording
layer greatly improved the overwrite cyclability.

The present invention is intended to eliminate the necessity for the
initialization process by providing a crystallization assisted layer on an
optical information recording medium to crystallize the recording layer
when the same is formed. When the recording layer of the optical
information recording medium having such crystallization assisted layer
contains nitrogen, the recording layer cannot be crystallized when formed.

Actually, a phase change optical disk having the same layer
structure as the FIG. 1 was produced in an manner similar to that in which
the example 5 — 1 was produced, excluding that the recording layer 4 was
formed within an atmosphere which contained an argon gas plus a nitrogen
gas of 4 volume %. The reflectivity of the disk measured before its
initialization was 4.3 %, and the recofding layer was not be crystallized.

As described above, in an optical information recording medium
having a crystallization assisted layer, the necessity for the initialization
process is eliminated and the overwrite cyclability are improved by adding
nitrogen to the crystallization assisted layer without adding nitrogen to the

recording layer.

Sixth Embodi :
Exam =1
A phase change optical disk having the same layer structure as the
FIG. 1 was produced in a manner similar to that in which the example 5 - 4

of the fifth embodiment was produced, excluding that the first dielectric
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layer 2 was formed within an atmosphere which contained an argon gas

and an oxygen gas of 0.1 volume %.

Example 6 — 2:

A phase change optical disk having the same layer structure as the
FIG. 1 was produced in a mannper similar to that in which the example 5 - 4
of the fifth embodiment was produced, excluding that the first dielectric
layer 2 was formed within an atmosphere which contained an argon gas

and a nitrogen gas of 0.5 volume %.

Example 6 - 3:

A phase change optical disk having the same layer structure as the
FIG. 1 was produced in a manner similar to that in which the example 5 - 4
of the fifth embodiment was produced, excluding that the second dielectric
layer 5 was formed within an atmosphere which contained an argon gas

and an oxygen gas of 0.1 volume %.

eb—4:
A phase change optical disk having the same layer structure as the
FIG. 1 was produced in a manner similar to that in which the example 5 - 4
of the fifth embodiment was produced, excluding that the second dielectric
layer 5 was formed within an atmosphere which contained an argon gas

and a nitrogen gas of 0.5 volume %.

E s Produce iti or
Dielectri er:

The reflectivitys and'recording characteristics of the respective
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optical disks of the examples 6 - 1 to 6 - 4 before their initialization were
measured in a manner similar to that used for the fifth embodiment. The
results of those measurements are together shown in Table 8, attached
hereto, which also contains the results of the measurement of the example
5 - 4 of the fifth embodiment for the sake of comparison.

Asg will be seen from Table 6, attached hereto, the jitter values of the
optieal disks of the examples 6 - 1 to 6 - 4 which contain nitrogen in their
crystallization assisted layer 3 as well as oxygen or nitrogen in their first or
second dielectric layer are restricted to small ones compared to the optical
disk of the example 5 - 4 which contains only nitrogen in its crystallization
assisted layer 3.

It will be seen that especially when the number of the overwriting is
large (for example, after recorded 100, 000 times), the difference in jitter
between each of the disks of the examples 6 - 1to 6 - 4 and a respective one
of the optical disk of the example 5 - 4 is large, and that the overwrite
cyclability of the disks are further improved by incorporating oxygen or

nitrogen into the first or second dielectric layer.

INDUSTRIAL APPLICABILITY

As described above, in an optical information recording medium
obtained by the inventive making method, the recording layer becomes
crystallized immediately after its formation due to the existence of the
crystallization assisted layer of predetermined materials. Thus, the
necessity for the initialization process required in the past is eliminated.
As a result, the process for making the optical information recording

medium is simplified and the cost is reduced.
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Especially, by forming the crystallisation assisted layer in the form of a
discontinuous island-like film of materials which comprise bismuth (Bi) and/or
bismuth {Bi) compounds, an optical information recording medium havihg
stabilised recording characteristics is obtained.

An optical information recording medium excellent in overwrite
cyclability is obtained which eliminates the necessity for initialisation process
by incorporating nitrogen into the crystallisation assisted layer.

The term "comprises’, and grammatical variations thereof such as
"comprising" when used in the description and claims does not preclude the
presence of additional features, integers, steps or components, or groups
thereof. '
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Table 1
material & thickness lattice
crystal structure B-value anconformity

Example PhTe face-centered cubic lattice system 45637 A 5.519%

1-1 104 NaCl type <110> direction :
Exa;f;ple g‘g’[ﬁ as above as above as above
Example Bi,Te, face-centered cubic lattice 42931 A 0.738%

1-3 10A system Bi,Te, type <110> direction '
Ex‘;]jlple Bg:)']f‘ as above a8 above as above
Comp.Ex. | nocrystallization | |

1-1 asgisted layer
o[ w | e T el

12 10A yelem, bty <100> direction '

lattice

Comp.Ex. Te , . 44519 A

13 304 hexagonal system selenium type aeaxial direction 3.07%
ConiiEx. Sb;'g(ijeg rhombohederal lattice system 41214 -4.717%
Conllg.Ex. S};f;gea rhombohederal lattice system 42463 A -1.809%
Conlx?éEx. Aaggge monoclinic aystem 4484 3.58%
CO";P,}EX' (;:)’ie hexagonal system 3984 - .9,13%
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Table 2
eie 1 . reflectivity CNR (dB) erase ratio{(dB)
initialization (%) once /100times | once /100 times
Example before 18 50/51 22/24
1-1 after 20 52152 23/24
Example before 21 53/53 27/30
1-2 after 22 53/53 31/31
Example before 18 49/50 28/30
1-3 after 21 52/52 30/30
Example before 21 50150 29/29
1-4 after 22 53/53 30/30
Comp.Ex. before ] 36/49 7129
1-1 after 20 53/53 30/30
Comp.Ex. before 6 33/49 7/28
1-2 after 22 50/560 29/29
Comp.Ex. before 9 38/60 8/30
1-3 after 21 51/52 30/30
Comp.Ex. before 12 39/42 6/23
14 after 21 50/43 22/23
Comp.Ex. before 2] 50/61 20/20
1-5 after 18 50/51 21/20
Comp.Ex. before 8 38/46 6/22
1-6 after 19 50/61 20/21
Comp.Ex. before 7 32/42 9/18
1-7 after 18 48/47 1817
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Table 3
initialization | reflectivity CNR(dB) erase ratio (dB)
Example before 19 53 32
2-1 alter 22 54 34
Comp.Ex. before 6 35 5
2-1 after 21 53 35
Example before 20 53 27
2-2 after 21 54 27
Example before 20 54 32
2-3 after 22 54 33
Example before 22 49 25
24 after 23 53 27
Example before 12 46 20
2-5 after 18 50 23
Example before 17 52 25
2-6 after 18 56 27
Comp.Ex. before 5 45 17
2-2 after 17 53 25
Example before 6 40 12
2-7 after 17 47 17
Example before 4 unmeasurable | unmeasurable
2-8 after 15 unmeasured unmeasured
Example before 4 unmeasurable | unmeasurable
2-9 after 13 unmeasured unmeasured
Example before 4 unmeasurable | unmeasurable
2-10 after 12 unmeasured unmeasured
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Table 4
reflectivity (%) CNR (dB) erase ratio (dB)
e"Z’f‘i’l" 12 > 18 52 29
e":’f‘gl" 19 - 20 53 32
""Z‘fl;’le 20 - 21 53 33
e":’f“}l’le 20 > 21 54 32
Table 5
- jtter (%)
addliltlm ﬁl;;xf v Ieﬂe(;::)ivity after vecorded
fornafion e | 10 ] 1000 [ 20000 [ an0oo [ 0000 [ 10000
times | times imes | times | times | times
e";’f‘fl" none 183 | 56 | 69 | 78 | 122 | 185 | 88 | 285
“g‘_“gle dvil% 87 |51 | 72 | 18 | w1 | 45 | ®2 | %1
e";‘f‘;’k Swl% | 192 |58 | 74 | 18 | 92 | 121 | 187 | 27
‘”‘;‘_’i’l" 16v0l% 86 |63 | 75 | 83 | 88 | 11 | 13 | 169
e";‘_"gl‘* Mwl% | B5 [ 15| %5 | 10 | 85 | 91 | W1 | 145
e";‘f‘gl” Rwil% B2 |75 | 77 | 106 | 89 | 93 | 102 | 132
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Table 6
Jitter(%)
addition of N, or 0, reflectivity
dielectric layer formation | (%) aher recorded
once 10 | 1,000 ! 20,000 | 30,000 | 50,000 | 100,000
times | times | times {imes times times
example 1st dielectric layer
6-1 0, 0.1vl% 166 6.1 6.8 8.0 96 10.0 10.2 124
example 1st dielectric layer
6.9 N, 05 vol% 17.2 6.0 71 78 90 103 11.3 129
example 2nd dielectric layer
6.3 0, 0.1%l% 17.6 6.2 6 1.9 88 11.2 113 132
example 13t dielectric layer
64 N, 0.5 vol % 169 6.4 1.1 19 9.0 10.2 119 123
example | moadditintodieletric | o0 ) oo | g5 ) g | gs | w1l | 19 | 169
b-4 layer
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CLAIMS

1. A method for producing an aptical information recording medium
which has on one side of a substrate a recording layer of materials whose
main components comprise germanium (Ge), antimony (Sb) and tellurium
(Te), comprising the steps of:

forming a erystallization assisted layer of materials having a crystal
structure of a face-centered cubic lattice system on one side of the
substrate; and

forming a recording layer directly over the crystallization assisted

layer.

2. A method for producing an optical information recording medium
which has on one side of a substrate a recording layer of materials whose
main components comprise germanium (Ge), antimony (Sb) and tellurium
(Te), comprising the steps of:

forming on one side of the substrate a crystallization assisted layer
of a tellurium (Te)-free material having a crystal structure of a
rhombohedral lattice system; and

forming a recording layer directly over the erystallization assisted

layer.
3. The method according to claim 1 or 2, wherein an absolute value of
lattice unconformity between the crystal structure of the crystallization

assisted layer and that of the recording layer is not more than 8%.

A method for producing an optical information recording medium
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which has on one side of a substrate a recording layer of materials whose
main components comprise germanium (Ge), antimony (Sb) and tellurium
(Te), comprising the steps of:

forming on one side of the substrate a crystallization assisted layer
of materials which contain at least one of antimony (Sb), bismuth (Bi), an
antimony (Sb) compound, and a bismuth (Bi) compound; and

forming a recording 1ayer directly over the crystallization assisted

layer.

5. A method for producing an optical information recording medium
which has on one side of a substrate a recording layer of materials whose
main components comprise germanium (Ge), antimony (Sb) and tellurium
(Te), comprising the steps of:

forming on one side of the substrate a crystallization assisted layer
in the form of a discontinuous island-like film of materials which contain Bi
(bismuth) and/or a bismuth (Bi) compound; and

forming a recording layer directly over the crystallization assisted

layer.

6. The method according to any one of claims 1-5, wherein the
recording layer is formed at a substrate temperature in a range of from
45°C through a temperature inclusive above which temperature the

substrate will be deformed.

7. The method according to any one of claims 1-5, wherein the
substrate is produced of polycarbonate; and whexein the recording layer is

formed at a substrate temperature in a range of from 45°C through 110°C
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8, The method according to any one of claims 1-7, wherein the
formation of the erystallization assisted layer is performed within a film

forming atmosphere to which a nitrogen gas is added.

9, The method according to any one of claims 1-8, further comprising
the step of:

forming a first dielectric layer between the substrate and the
crystallization assisted layer; and/or

forming a second dielectric layer on an oppuosite side of the recording
layer from the crystallization assisted lﬁyer,

wherein the formation of the first and/or second dielectric layer is
performed within a film forming atmosphere to which a nitrogen gas and/or

an oxygen gas is added.

10. An optical information recording medium with a recording layer
formed on one side of a substrate, the recording layer comprising
materials whose main components are germanium (Ge), antimony (Sh) and
tellurium (Te),

the medium being produced by any one of the methods according to
claims 1-9,

wherein the recording layer is formed in a crystalline state; and
comprising;

a crystallization assisted layer formed in contact with the substrate

side surface of the recording layer.
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11. The optical information recording medium according to claim 10,
wherein a ratio x, y, and z of the clements (Ge, Sh, Te) of the main
components of the recording layer (Ge: Sh: Te = x: y: z wherex+y +z=1)

satisfies the following expressions (1)-(3) simultaneously:

01 £x2£04 ...(D
008 £y . @
045 £ 2z £ 0.65 ...(3)
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