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Description

[0001] The present invention relates to an optically recordable, reproducible, erasable and rewritable information
recording medium, a method for manufacturing the medium and a method for recording/reproducing information thereon.
[0002] Conventionally, for a phase changeable information recording medium, a multilayered film including a recording
layer where a reversible phase change is caused between a crystalline state and an amorphous state is formed on a
transparent disk substrate by sputtering or the like in the film formation process. The structure of the recording layer is
amorphous after the film formation, and then the recording layer is subjected to a process for changing the entire surface
of the recording layer from the amorphous state to the crystalline state by optical or thermal means (hereinafter, referred
to as an initialization process). Thus, a phase changeable information recording medium is manufactured. (In the spec-
ification of the present invention, the thus formed amorphous state in the film formation process is referred to as "as-
depo amorphous" to be distinguished from the amorphous state formed by quenching after melting by power laser
irradiation as described below.)

[0003] Inthe phase changeable information recording medium, signals can be recorded or rewritten by irradiating the
recording layer with a single laser beam while changing the power between high and low. When the recording layer is
irradiated with a high power laser beam to be molten and then quenched, the recording layer becomes amorphous
(recorded state). When the recording layer is irradiated with a low power laser beam to be warmed and then cooled
gradually, the recording layer becomes crystalline (erased state). Thus, a recording mark on the order of several tenths
pm (several 100nm) is formed on the track. The signals are reproduced by utilizing the difference AR(%) (AR = |Rc -Ra|)
between the reflectance Rc (%) of the medium when the recording layer is in the crystalline phase and the reflectance
Ra (%) of the medium when the recording layer is in the amorphous phase. In either the medium in which Rc > Ra or
Ra > Rc, signals can be recorded / reproduced.

[0004] In the initialization process, the reflectance of the medium changes from Ra to Rc. In particular, in the medium
optically designed to achieve Ra > Rc, the reflectance is reduced so that it is preferable that Rc is 10% or more.
[0005] The initialization process requires equipment provided with optical or thermal means. For example, in the case
where a semiconductor laser is used as the optical means, operations for optimizing various conditions such as the
shape of the laser beam, the power of laser irradiation, the cooling rate, the rotational speed of the medium and the
period of time for irradiation with respect to each particular medium are required. In addition, other problems arise. For
example, it is known that the volume of the recording layer is contracted by several % at the time of the phase change
from the amorphous phase to the crystalline phase. Therefore, when the recording layer is crystallized after the multi-
layered film is formed, the volume contraction of the recording layer generates new internal stress, which was not present
immediately after the film formation, at least in the layer in contact with the recording layer. If the recording layer is as
thin as 10nm or less, light absorption is small and heat is diffused readily, so that crystallization requires more power
density so that a load is applied to grooves or address pits that previously have been transferred on the substrate. Thus,
the initialization process poses a large number of problems.

[0006] Ifthe initialization process is eliminated, the plant investment and the development cost can be reduced, leading
to a significant reduction in the cost of the medium. Different systems to eliminate the initialization process can be
conceived for (1) the medium of Rc > Ra and (2) the medium of Ra > Rc. In order to obtain good servo characteristics,
it is preferable to keep the reflectance high, and itis required that in the case of (1), the recording layer is in the crystalline
phase (initial state Rc) after the film formation, and that in the case of (2), the recording layer is in the amorphous phase
(initial state Ra) after the film formation. Herein, the initial state refers to the state of the medium before recording. In
order to meet these requirements, a technique to crystallize the recording layer during the film formation and a technique
to record signals in an amorphous recording layer are required.

[0007] A method for crystallizing a recording layer of a phase changeable optical information recording medium during
the film-formation is disclosed in W098/47 142 (published as EP-A-0980068) . In this method, a crystallization accelerating
layer made of a material whose crystal structure is face-centered cubic lattice or rhombohedral lattice is provided, and
then the recording layer is formed directly on the crystallization accelerating layer and the substrate temperature is
changed from 45°C to 110°C during the formation of the recording layer. Furthermore, the examples show that the
crystallization accelerating layer is formed of a material comprising at least one of Sb, Bi and Sb compounds and Bi
compounds, and the recording layer of the phase changeable optical information recording medium manufactured by
this method is formed in the crystalline state.

[0008] Furthermore, PCT International Publication No. WO98/38636 discloses methods for manufacturing a phase
changeable optical information recording medium that is designed to attain Ra > Rc. In this disclosure, a method in
which the substrate temperature is from 35°C to 150°C during formation of a recording layer, and a method in which the
substrate temperature is from 35°C to 95°C immediately before formation of the recording layer are described. The thus
produced phase changeable optical information recording medium can achieve high recording characteristics, even if
recording is performed first on the as-depo amorphous recording layer without performing an initialization process.
[0009] However,in W098/47142 Bihas a melting point as low as about271°C, so thatitis impossible to raise sputtering
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power. In WO98/38636, in order to form a film having an as-depo amorphous recording layer by heating the substrate,
the entire surface of the substrate is heated uniformly and the temperature is required to be kept constant. For example,
when heating the substrate holder itself, it is very difficult to heat the entire substrate uniformly without contacting the
entire surface of the substrate with the substrate holder so as to conduct heat to the substrate. However, when the
substrate is contacted with the holder on its entire surface, scratches or dirt are likely to be generated on the surface of
the substrate. In addition, when high frequency induction or flash heating is performed, complicated film-forming equip-
ment is required in order to heat the substrate uniformly in a contactless manner in a vacuum apparatus. Moreover, it
is difficult to keep a constant temperature stable immediately before or during formation of the film. Furthermore, it is
necessary to measure the temperature of the substrate in a contactless manner in the vacuum apparatus and to monitor
the temperature outside the apparatus, so that the apparatus inevitably becomes complicated and large-scale.

[0010] It is believed that the reason why it conventionally is difficult to perform recording on an as-depo amorphous
phase is that the as-depo amorphous phase is different in nature from the amorphous phase formed by irradiating a
crystalline phase with laser. In general, the amorphous phase has several metastable energy states. When a medium
is stored for a long time or under high temperature conditions, the energy state can be changed to a different energy
state after the storage. For this reason, since optimal conditions for recording/reproducing are different between before
and after the storage, the recording/reproducing characteristics can be changed when recording/reproducing is performed
under the same conditions. For example, when a recording mark in the recording layer is shifted to be in a more stable
energy state, sensitivity for erasure by crystallizing the recording layer is reduced, so that the erasure ratio can be
dropped at the time of overwriting information signals.

[0011] Therefore, with the foregoing in mind, it is a first object of the present invention to provide an information
recording medium formed of a material having a high melting point where the recording layer is in a crystalline phase
when the film formation is complete without warming the substrate, and thus does not require an initialization process,
and a method for manufacturing the same, and to provide an information recording medium that requires reduced energy
for crystallization.

[0012] Itis a second object of the present invention to provide an information recording medium that does not require
precise control of the temperature of the substrate immediately before or during film-formation and that allows a recording
operation to be performed on the recording layer in the as-depo amorphous state of the information recording medium
optically designed to satisfy Ra > Rc, without the initialization process.

[0013] Itis a third object of the present invention to provide an information recording medium that does not require
the initialization process and allows stable reading of addresses or tracking servo control even if Rc is substantially 0%,
and to provide a method for manufacturing the information recording medium and a method for recording/reproducing
information thereon.

[0014] In order to achieve the above objects, there is provided an information recording medium according to the
presentinvention as claimed in claim 1. A preferred embodiment includes at least a recording layer formed on a substrate,
the recording layer including a phase change layer in which a reversible phase change is caused between a crystalline
state and an amorphous state by irradiation of a light beam, and a crystallization-ability improving layer for improving
the crystallization ability of the phase change layer. The crystallization-ability improving layer is formed before forming
the phase change layer. Thus, crystal nucleus generation and crystal growth are caused during formation of the phase
change layer, so that at least a portion of the phase change layer is in the crystalline phase after the formation. In this
embodiment, it is preferable that the crystallization-ability improving layer is formed of a telluride and a halogenide. More
specifically, it is desirable that the telluride is at least one selected from the group consisting of SnTe, PbTe, Te, Sb,Tes,
Bi,Te;, GeSbTe eutectic and GeBiTe eutectic, and that the thickness thereof is from 1nm to 10nm. It is desirable that
the halogenide is at least one selected from the group consisting of ZnF,, AlIF3, KF, CaF,, NaF, BaF,, MgF,, LaF3, and
LiF, and that the thickness thereof is from 1nm to 20nm. It is preferable that the phase change layer is formed of a
material comprising GeSbTe as the main component and having a halite type crystal structure. It is more preferable that
also the crystallization-ability improving layer has a halite type crystal structure. The phase change layer is formed
preferably at a rate r (nm/min) in a range from S5nm/min to 20nm/min. It is possible to make the formed phase change
layer be in the crystalline phase by using a telluride and a halogenide as the material for the crystallization-ability improving
layer and forming the phase change layer at a low rate.

[0015] Furthermore, the preferred embodiment has a function to achieve A < B, where A is an energy for crystallizing
the phase change layer in the case where the crystallization-ability improving layer is formed, and B is an energy for
crystallizing the phase change layer in the case where the crystallization-ability improving layer is not formed.

[0016] There is also disclosed herein an information recording medium which is a two layered information recording
medium formed by attaching a first information recording medium comprising at least a first recording layer formed on
a first substrate and a second information recording medium comprising at least a second recording layer formed on a
second substrate. The first recording layer includes a phase change layer in which a reversible phase change is caused
between a crystalline state and an amorphous state by irradiation of a light beam, and a crystallization-ability improving
layer forimproving the crystallization ability of the phase change layer. The crystallization-ability improving layer is formed
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before forming the phase change layer, so that crystal nucleus generation and crystal growth are caused during formation
of the phase change layer, and at least a portion of the phase change layer is in the crystalline phase after the formation.
This allows crystal nucleus generation and crystal growth during formation of the first recording layer, so that at least a
portion of the phase change layer is in the crystalline phase after the formation.

[0017] Furthermore, there is disclosed herein an information recording medium including a recording layer on a sub-
strate. The recording layer includes a phase change layer in which a reversible phase change is caused between a
crystalline state and an amorphous state by irradiation of a light beam (herein, "layer" refers not only to a layer formed
uniformly all over, but also a layer formed in a shape of an island, which also applies to a crystal nucleus supplying
layer); and a crystal nucleus supplying layer that is laminated on the phase change layer and accelerates crystallization
of the phase change layer. The information recording medium allows recording to be started on the phase change layer
in the as-depo amorphous state. Furthermore, the information recording medium provides a highly reliable information
recording medium for recording/reproducing information signals at a high density and a high linear velocity.

[0018] In the information recording medium, it is preferable that the crystal nucleus supplying layer and the phase
change layer are formed from a substrate side in this order. It is preferable that the information recording medium further
includes a second crystal nucleus supplying layer for accelerating crystallization of the phase change layer, and the
phase change layer and the second crystal nucleus supplying layer are formed from a substrate side in this order. It is
preferable that the phase change layer and the crystal nucleus supplying layer are formed from a substrate side in this
order.

[0019] Intheinformation recording medium, itis preferable that the transition temperature Tx1 (°C) from the amorphous
phase to the crystalline phase of the crystal nucleus supplying layer (hereinafter, referred to crystallization temperature)
andthe crystallization temperature Tx2 (°C) of the phase change layer satisfy the relationship: Tx2 > Tx1. This embodiment
facilitates the crystallization of the phase change layer. In the information recording medium, it is preferable that the
melting point Tm1 (°C) of the crystal nucleus supplying layer and the melting point Tm2 (°C) of the phase change layer
satisfy the relationship: Tm1>Tm2. This provides an information recording medium in which the crystal nucleus supplying
layer is highly stable even if the crystal nucleus supplying layer is provided nearer the laser beam incident side than the
phase change layer is.

[0020] In the information recording medium, it is preferable that the crystal nucleus supplying layer comprises Te. This
facilitates the crystallization of the phase change layer because Te functions as the crystal nucleus. In the information
recording medium, it is preferable that the crystal nucleus supplying layer comprises at least one selected from the group
consisting of SnTe and PbTe. In the information recording medium, it is preferable that the crystal nucleus supplying
layer comprises SnTe-M, where M is at least one selected from the group consisting of N, Ag, Cu, Co, Ge, Mn, Nb, Ni,
Pd, Pt, Sb, Se, Ti, V, Zr and PbTe). Herein, SnTe-M is SnTe provided with M without changing the ratio of Te that is
present with respect to the Sn that is present. For example, SnTe-M includes compounds of SnTe and M and eutectics
of SnTe and M. The content of the M is preferably at most 50%, more preferably 0.5-50atom%. Furthermore, a preferable
composition of SnTe is the stoichiometric composition of SnsyTeg, (Sn : Te = 50 : 50), but a tolerance of about = 5%
such as SnygTess (Sn: Te =45 : 55), and Sng5Te,s (Sn : Te = 55 : 45) is possible.

[0021] In the information recording medium, the phase change layer may be formed of a chalcogen based material.
This provides an information recording medium on which information can be recorded at a high density. In the information
recording medium, it is preferable that the phase change layer comprises at least one selected from the group consisting
of GeTe, GeSbTe, TeSnSe, InSbTe, GeBiTe and AgInSbTe. In the information recording medium, it is preferable that
the phase change layer comprises GeSbTe and at least one element selected from the group consisting of Ag, Sn, Cr,
Mn, Pb, Bi, Pd, Se, In, Ti, Zr, Au, Pt, Al and N.

[0022] In the information recording medium, it is preferable that the thickness d1 (nm) of the crystal nucleus supplying
layer and the thickness d2 (nm) of the phase change layer satisfy the relationship: d2>d1. This prevents the amount of
a laser beam incident on the phase change layer from being insufficient. In the information recording medium, it is
preferable that the thickness d1 (nm) of the crystal nucleus supplying layeris in the range of 0.3 <d1 = 5. In the information
recording medium, it is preferable that the thickness d2 (nm) of the phase change layer is in the range of 3 = d2 = 20
[0023] In the information recording medium, the reflectance Rc (%) of the information recording medium when the
phase change layer is in the crystalline phase and the reflectance Ra (%) of the information recording medium when
the phase change layer is in the amorphous phase satisfy the relationship: Ra>Rc. This provides an information recording
medium in which grooves or addresses formed on the substrate can be detected easily.

[0024] Accordingtoanotheraspectofthe presentinvention, thereis provided a method for manufacturing aninformation
recording medium as claimed in claim 12. The information recording medium comprises at least a recording layer and
the method includes forming the recording layer. The recording layer includes a phase change layer in which a reversible
phase change is caused between a crystalline state and an amorphous state by irradiation of a light beam; and a crystal
nucleus supplying layer that is laminated on the phase change layer and accelerates crystallization of the phase change
layer. The method for manufacturing an information recording medium of this embodiment allows the information re-
cording medium of the present invention to be produced easily. In the method for manufacturing an information recording
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medium, it is preferable that the step of forming the phase change layer is performed under a condition that allows the
phase change layer to become amorphous. This embodiment allows as-depo recording.

[0025] There is also disclosed herein a method for recording/reproducing information on an information recording
medium, the information recording medium comprising at least a recording layer. The recording layer includes a phase
change layer and in which a reversible phase change is caused between the crystalline state and the amorphous state,
and a crystal nucleus supplying layer that is laminated on the phase change layer and that facilitates the crystallization
of the phase change layer. The information is recorded by causing the phase change in the phase change layer by
irradiating the recording layer with a laser beam. The method for recording/reproducing information on an information
recording medium allows information to be recorded reliably.

[0026] In the method for recording/reproducing information on an information recording medium, it is preferable that
the crystal nucleus supplying layer comprises at least one selected from the group consisting of SnTe and PbTe. This
allows information to be recorded particularly reliably.

[0027] In the method for recording/reproducing information on an information recording medium, it is preferable that
the phase change layer comprises at least one selected from the group consisting of GeTe, GeSbTe, TeSnSe, InSbTe,
GeBiTe and AgInSbTe. This allows information to be recorded particularly reliably.

[0028] In the method for recording/reproducing information on an information recording medium, it is preferable that
the formed phase change layer is in the amorphous state, and recording information is started on the phase change
layer in the amorphous state without the phase change layer being crystallized.

[0029] These and other advantages of the present invention will become apparent to those skilled in the art upon
reading and understanding the following detailed description with reference to the accompanying figures.

FIG. 1 is a cross-sectional view showing an example of the structure of an information recording medium according
to a preferred embodiment of the present invention.

FIG. 2 is a cross-sectional view showing another example of the structure of an information recording medium
according to an another preferred embodiment of the present invention.

FIG. 3 is a cross-sectional view showing an example of the structure of a portion of a two-layered information
recording medium according to another embodiment of the present invention.

FIGs. 4A to 4C are graphs showing the temperature dependence of the transmission for determining the phase
structure of a crystallization-ability improving layer or a recording layer laminated on the crystallization-ability im-
proving layer of the present invention. In the graphs, the temperature on the horizontal axis is plotted against the
transmission on the vertical axis. FIG. 4A is a graph in the case where the phase structure is an amorphous phase.
FIG. 4B is a graph in the case where the phase structure is a mixed state of amorphous and crystalline phases.
FIG. 4C is a graph in the case where the phase structure is a crystalline phase.

FIG. 5 is a cross-sectional view showing another example of the structure of a portion of an information recording
medium.

FIG. 6 is a cross-sectional view showing still another example of the structure of a portion of another information
recording medium.

FIG. 7 is a cross-sectional view showing yet another example of the structure of a portion of yet another information
recording medium.

FIG. 8 is a diagram showing modulated waveforms of laser beams used for recording by the method for recording/
reproducing information on the information recording medium of the present invention. In the diagram, the horizontal
axis shows time and the vertical axis shows laser power.

[0030] Hereinafter, the present invention will be described more specifically with reference to the accompanying
drawings. First, an invention intended to eliminate initialization and to make the phase change layer be in the crystalline
state when the film is complete will be described with reference to FIGs. 1 to 3.

[0031] FIG. 1 shows an example of the structure of an information recording medium 50 according to a preferred
embodiment of the presentinvention. The information recording medium 50 includes a protective layer 2, a crystallization-
ability improving layer 3, a phase change layer 4, a protective layer 6 and a reflection layer 7 laminated sequentially on
a substrate 1 in this order. A dummy substrate 9 is attached thereto with an adhesive layer 8. A recording layer 5 includes
the crystallization-ability improving layer 3 and the phase change layer 4.

[0032] As the substrate 1, a transparent disk formed of a polycarbonate resin, a polymethylmethacrylate resin, a
polyolefin resin, a norbornene type resin, an ultraviolet curable resin, glass or the like can be used. The thickness of the
substrate 1 is not limited to a particular thickness, but a thickness of about 0.05 to 2.0mm can be used. A spiral or
concentric circular guide groove for tracking of laser light is provided on the surface of the substrate 1 on which the film
is to be formed, if necessary. The surface on which the film is not formed is smooth.

[0033] The protective layers 2 and 6 are dielectric thin films and have the following functions. They improve the optical
absorption efficiency to the recording layer by adjusting the optical path so as to attain a significant change in the amount
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of reflected light between before and after recording so that the signal amplitude can be enlarged. For the purpose of
suppressing an increase of noise due to thermal damage or the like to the recording layer 5, and adjusting the reflectance
and the absorptance with respect to laser light 27 and the phase of the reflected light, it is preferable to use a material
that is physically and chemically stable, has a melting point and a softening point higher than the melting point of the
recording layer 5, and does not form a solid solution with the material of the recording layer. Examples of the material
include an oxide of Y, Ce, Ti, Zr, Nb, Ta, Co, Zn, Al, Si, Ge, Sn, Pb, Sb, Bi, Te or the like, a nitride of Ti, Zr, Nb, Ta, Cr,
Mo, W, B, Al, Ga, In, Si, Ge, Sn, Pb or the like, a carbide of Ti, Zr, Nb, Ta, Cr, Mo, W, Si or the like, a sulfide of Zn, Cd,
or the like, a selenide or a telluride, a fluoride of Mg, Ca or the like, a single-element substance such as C, Si, Ge or the
like, and a dielectric or a quasi-dielectric comprising a mixture of these. Among these, a mixture, ZnS-SiO, is amorphous
and has a high refractive index, a high film-forming rate, good mechanical characteristics and good resistance against
humidity, and thus can be an especially excellent protective layer. The thickness of the protective layer can be determined
precisely in such a manner that the change in the amount of reflected light in the recording layer from when it is in the
crystalline state (before recording) to when it is in the amorphous state (after recording) is largest and the optical
absorption to the recording layer 5 is largest, according to the calculation based on a matrix method (e.g., refer to "Wave
Optics" by Hiroshi Kubota et al., Section 3, lwanami Shinsho, 1971). The protective layers 2 and 6 can be formed of
different materials or compositions, if necessary, or can be formed of the same material or composition.

[0034] The crystallization-ability improving layer 3 of the present invention functions to generate crystalline nucleus
and cause crystal growth of the phase change layer 4 formed on the crystallization-ability improving layer 3 to crystallize
the phase change layer 4 during the formation. If the formed crystallization-ability improving layer 3 itself has a crystal
structure, the function becomes large. Generally, the structure of a thin film obtained by cooling a vapor phase is
susceptible to the influence of the structure of the substrate. It is believed that crystallization is accelerated by providing
a layer made of a crystalline material before forming the phase change layer 4. It is believed that the more similar the
crystal structure of the crystalline layer is to that of the recording layer, the larger the effect is. For example, in the case
of a Ge-Sb-Te based material, the crystal structure of the recording layer is of a halite type, and if the crystallization-
ability improving layer 3 is constituted of crystals with a halite type structure, the function becomes larger. Examples of
the material that has the crystallization effect for the crystallization-ability improving layer 3 include a telluride such as
SnTe and PbTe, which are high-speed crystallization materials, Te, Sb,Te;, Bi,Te;, GeSbTe eutectic, and GeBiTe
eutectic, which have a low melting point, or a halogenide such as CaF,, MgF,, LaF, AlF;, NaF, BaF,, KF, LiF and ZnF,.
In particular, SnTe, PbTe, NaF, LiF and KF provide a large effect. In the case of the telluride, since the crystallization-
ability improving layer 3 itself absorbs light, the thickness preferably is as small as 1nm to 10nm so that optical absorption
by the phase change layer 4 is larger. In the case of the halogenide, since the crystallization-ability improving layer 3
itself hardly absorbs light, the thickness can be in the range from 1nm to 20nm.

[0035] For the phase change layer 4, it is preferable to use a material in which a phase change is caused reversibly
between the crystalline state and the amorphous state by irradiation of light beams and whose optical constants (refractive
index n and extinction coefficient k) are changed. Te-based materials such as Ge-Sb-Te and Ge-Bi-Te, and materials
comprising the Te based materials and at least one element selected from Au, Ag, Cu, Al, Pd, Pt, Ce, Sn, Mn, Cr, and
Ti can be used. Furthermore, nitrogen can be added. Among Ge-Sb-Te, in particular, a GeTe-Sb,Te; quasi-binary
composition, which is a high-speed crystallization material, can ensure good recording/erasing performance. The com-
position range of GeTe : Sby,Te; = 1-6 : 1 is excellent in the phase stability, so that the composition is preferable for
practical use. The phase change layer 4 comprising nitrogen is formed by performing reactive sputtering in an Ar gas
and N, gas atmosphere, using such a Te-based material as the basic material. The phase structures of the formed
crystallization-ability improving layer 3 and the formed phase change layer 4 are evaluated by forming a thin film about
10nm thick on quartz glass and investigating the temperature at which an optical change is caused while heating the
film to about 350°C with a He-Ne laser. Furthermore, the thickness of the crystallization-ability improving layer 3, and
the reflectance and transmission are experimentally investigated so that the complex refractive index with respect to a
predetermined laser wavelength is obtained. The obtained complex refractive index is used for the optical calculation
of the multilayered film by the matrix method so that the structure of the information recording medium is determined.
[0036] The recording layer 5 of the preferred embodiment has a two-layered structure composed of the crystalline
crystallization-ability improving layer 3 and the phase change layer 4, which is formed after the crystalline crystallization-
ability improving layer 3 is formed. This two-layered structure makes it easy to generate the crystal nucleus at the interface
with the crystallization-ability improving layer 3 of the phase change layer 4, and crystal growth is caused in the phase
change layer 4, so that the formed phase change layer 4 is in the crystalline state. Recording/reproducing of information
is performed by utilizing the optical changes in the phase change layer 4. Hereinafter, "the recording layer 5 is in the
crystalline state or the amorphous state" refers to "the phase change layer 4 is in the crystalline state or the amorphous
state", unless the context otherwise requires.

[0037] The reflection layer 7 functions to increase the amount of light absorbed by the recording layer 5 in the optical
respect, and to allows heat generated in the recording layer 5 to diffuse swiftly for facilitating the amorphous structure
in the thermal respect. Furthermore, the reflection layer 7 also has the function of protecting the multilayered film from
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the environment where it is used. Examples of the material for the reflection layer 7 include a single metal material having
a high thermal conductivity such as Al, Au, Ag and Cu, or an alloy material comprising at least one element of these as
the main component and at least one other element added for the purpose of improving the resistance against humidity
or adjusting the thermal conductivity, such as Al-Cr, Al-Ti, Ag-Pd, Ag-Pd-Cu, and Ag-Pd-Ti. These materials are excellent
in anti-corrosion and satisfy the requirements for quenching. The reflection layer 7 is not necessarily provided, because
the amorphous state may be obtained sufficiently without the quenching effect, depending on the recording conditions
such as the linear velocity or the composition of the phase change layer.

[0038] After the films from the protective layer 2 through the reflection layers 7 are formed, the reflection layer 7 is
coated with the adhesive layer 8 by spinning, and then the dummy substrate 9 is attached thereto.

[0039] Asthe adhesive layer 8, a material having high heat resistance and adhesiveness, for example adhesive resins
such as an ultraviolet curable resin, can be used, and a material based on an acrylic resin or a material based on an
epoxy resin are usable. A disk of a one-face structure can be obtained by attaching the multilayered film to a dummy
substrate with an adhesive resin such as an ultraviolet resin having the same nature as above or a different nature, an
adhesive tape having two adhesive faces, a dielectric film, or a combination thereof, as shown in FIG. 1. Alternatively,
a disk of a two-face structure can be obtained by attaching two multilayered films with their film sides facing each other.
[0040] The dummy substrate 9 is provided to increase the mechanical strength of the information recording medium
50 and protect the multilayered film laminate. The dummy substrate 9 can be formed of a material selected from the
materials that can be used for the substrate 1. It is important to use a material that does not cause mechanical curving
or distortion in the information recording medium 50 attached to the dummy substrate. The dummy substrate 9 is not
necessarily formed of the same material nor in the same thickness as those of the substrate 1.

[0041] FIG. 2 shows an example of the structure of an information recording medium 51 according to another preferred
embodiment of the present invention. The information recording medium 51 includes a protective layer 2, an interface
layer 10, a crystallization-ability improving layer 3, a phase change layer 4, an interface layer 11, a protective layer 6,
an light-absorption correcting layer 12 and a reflection layer 7 laminated sequentially on a substrate 1 in this order. A
dummy substrate 9 is attached thereto with an adhesive layer 8. This information recording medium 51 is provided with
the light-absorption correcting layer 12 between the protective layer 6 and the reflection layer 7 to attain such a light
absorption that the light-absorptance Ac of the recording layer 5 that is in the crystalline state is larger than the light-
absorptance Aa of the recording layer 5 that is in the amorphous state. Also in this structure, it is confirmed that the
phase change layer 4 is crystallized by forming the crystallization-ability improving layer 3 before forming the phase
change layer 4.

[0042] Forthe substrate 1, the protective layers 2 and 6, the crystallization-ability improving layer 3, the phase change
layer 4, the reflection layer 7, the adhesive layer 8, and the dummy substrate 9, the same types of materials as those
in FIG. 1 can be used.

[0043] For the interface layers 10 and 11, it is preferable to use a material that has a function to prevent substances
generated between the protective layer 2 and the recording layer 5 and the protective layer 6 and the recording layer 5
by repeated recording from moving, and comprises a nitride, an oxide, a nitrogen oxide, or a carbide based on Si, Al,
Zr, Ti, Ge, Ta, or Cr, or a mixture thereof as the main component. Providing either one of the interface layer 10 and 11
on one side can be sufficient for the above-described function, but it is more preferable to provide two interface layers
on both sides. In this case, different materials or compositions can be used, if necessary, or the same material or
composition can be used. The interface layers can be formed by performing reactive sputtering from a metal basic
material in an Ar gas and reactive gas atmosphere, or sputtering from a compound basic material in an Ar gas atmosphere.
When these interface layers are thick, the reflectance or the absorptance of the multi-layered structure is changed
significantly, so that the recording/erasing performance is affected. Therefore, the thickness is preferably 2nm to 10nm,
and more preferably about 2nm to 5nm.

[0044] For the light-absorption correcting layer 12, it is preferable to use a material that adjusts the light absorptance
ratio of the recording layer 5 in the crystalline state and the recording layer 5 in the amorphous state and does not cause
the shape of marks to be distorted at the time of overwriting. In addition, it is preferable that the material has a high
refractive index and absorbs light to an appropriate extent for the purpose of raising the difference in the reflectance of
the recording layer 5 between in the crystalline state and in the amorphous state so as to enlarge the signal amplitude.
For example, a material having a refractive index n of at least 3 and not more than 6 and an extinction coefficient k of
at least 1 and not more than 4 can be used. More specifically, it is preferable to use a Ge alloy and a Si alloy that are
amorphous, such as Ge-Cr, Ge-Mo, Si-Cr, Si-Mo and Si-W, or tellurides, crystalline metals such as Ti, Zr, Nb, Ta, Cr,
Mo, W, SnTe and PbTe, a semi-metal or a semiconductor material.

[0045] FIG. 3 is an example of the structure of a two-layered information recording medium 52 according to another
embodiment of the present invention where a first information recording medium 20 and a second information recording
medium 29 are attached. Laser light 27 is incident from the side of a first substrate 13 and recording/reproducing is
performed on one side of each of the information recording media 20 and 29, so that it is not necessary to reverse the
medium and the medium can have twice as much recording/reproducing capacitance.
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[0046] The same types of materials as those of the substrate 1 in FIG. 1 can be used for the first substrate 13 and
the second substrate 28.

[0047] The same types of materials as those of the protective layers 2 and 6 in FIG. 1 can be used for the first protective
layers 14 and 19 and the second protective layers 22 and 26.

[0048] The same types of materials as those of the interface layers 10 and 11 in FIG. 2 can be used for the first
interface layers 15 and 18 and the second interface layers 23 and 25.

[0049] The crystallization-ability improving layer 3 of the present invention is formed on the first optical information
recording medium 20, and can be formed of a material of the same type as described with reference to FIG. 1.

[0050] Recording/ reproducing on the second information recording medium 29 is performed by the laser light 27 that
has passed through the first information recording medium 20. Therefore, the second information recording medium 20
is optically designed so that the transmission thereof is as high as possible. For this reason, the phase change layer 4
of the information medium 20 is designed to be as thin as about 5 nm to about 8nm. It is preferable that the crystallization-
ability improving layer 3 also is as thin as 1nm to 3nm. Since the phase change layer 4 is thin, large laser energy is
required in the initialization process. However, forming the crystallization-ability improving layer 3 even as thin as 1nm
facilitates crystallization of the phase change layer 4, so that the laser energy can be reduced significantly. When the
crystallization-ability improving layer 3 having a thickness of 3nm is formed, the phase change layer 4 is in the crystalline
state after the formation.

[0051] For the second recording layer 24, a material selected from the materials as described for the phase change
layer 4 can be used.

[0052] Thefirstrecordinglayer 17 of the presentinvention has the same function as that of the recording layer 5in FIG. 1.
[0053] For a separating layer 21, it is preferable to use a transparent material having high heat-resistance and adhe-
siveness in a wavelength A of the laser light 27 in order to perform recording/reproducing on each of the first information
recording medium 20 and the second information medium 29 by laser light 27. More specifically, for example, an adhesive
resin such as an ultraviolet curable resin, an adhesive tape having two adhesive faces, a dielectric film or a combination
thereof can be used. The thickness of the separating layer 21 is required to be more than the depth of focus, for example,
2pm or more. With this thickness, when signal information is recorded/reproduced on either one of the first information
recording medium 20 and the second information recording medium 29, signal information recorded in the other infor-
mation recording medium can be prevented from being disturbed or mixed. Moreover, the total of the thickness of the
separating layer and the substrate thickness is required to be within the range of the tolerance of the substrate thickness,
for example, 100p.m or less, so that the laser light 27 can reach both of the first information recording medium 20 and
the second information recording medium 29.

[0054] For the reflection layer 7, the same materials as described with reference to FIG. 1 can be used.

[0055] Hereinafter, there will be described examples that do not require initialization and where information can be
recorded in the as-depo amorphous state with reference to FIGs. 5to 7.

[0056] FIG. 5 shows an example of the structure of an information recording medium 53. The information recording
medium 53 includes a protective layer 2, an interface layer 10, a crystal nucleus supplying layer 32, a phase change
layer 33, an interface layer 11, a protective layer 6 and a reflection layer 7 laminated sequentially on a substrate 1 in
this order. A dummy substrate 9 is attached thereto with an adhesive layer 8. A recording layer 31 includes the crystal
nucleus supplying layer 32 and the phase change layer 33 laminated in this order from the side of the substrate 1 (which
also applies to the following embodiments).

[0057] Therecording layer 31 includes the crystal nucleus supplying layer 32 and the phase change layer 33 laminated
above the substrate 1. The crystal nucleus supplying layer 32 is intended to facilitate the crystallization of the phase
change layer 33. The phase change layer 33 is intended to undergo a phase change reversibly between the crystalline
state and the amorphous state, and information is recorded by this phase change. In the information recording medium
53, since the recording layer 31 has the above-described structure, crystallization is caused in the phase change layer
33 more readily from the interface with the crystal nucleus supplying layer 32.

[0058] In order to cause crystallization in the phase change layer 33 more readily, it is preferable that the crystal
nucleus supplying layer 32 has a lower crystallization temperature (transition temperature from the amorphous phase
to the crystalline phase) than that of the phase change layer 33, and is formed of a material whose crystalline state is
stable. In other words, the crystallization temperature Tx1 (°C) of the crystal nucleus supplying layer 32 and the crys-
tallization temperature Tx2 (°C) of the phase change layer 33 satisfies the relationship: Tx2 > Tx1 (which also applies
to the following embodiments).

[0059] The phase change layer 33 is formed of a material in which a phase change is caused reversibly between the
crystalline state and the amorphous state by irradiation of light beams. The phase change layer 33 can be formed of a
chalcogen based material, for example. More specifically, among chalcogen materials, it is preferable to use a material
comprising at least one selected from the group consisting of GeTe, GeSbTe, TeSnSe, InSbTe, GeBiTe and AginSbTe
for the phase change layer 33. Alternatively, for the phase change layer 33, a material comprising GeSbTe and at least
one element selected from the group consisting of Ag, Sn, Cr, Pb, Bi, Pd, Se, In, Ti, Zr, Au, Pt, Al, Mn, Cu and N can
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be used. Among the Ge-Sb-Tb based materials, in particular, the GeTe-Sb,Te; quasi-binary based composition, which
is a high speed crystallization material, is preferable because it ensures good recording/erasing performance. In this
case, the composition range of GeTe : Sb,Te; =1-6 : 1 is preferable for practical use because of its excellent phase
stability. The crystallization temperature of the phase change layer 33 is from about 140°C to about 240°C and the
melting point thereof is from about 600°C to about 650°C. The crystal structure of the phase change layer 33 is NaCl
type in the case of the crystallization by laser irradiation. The phase change layer 33 is in the amorphous state when it
is formed, and it can be recorded in the as-depo amorphous state. The thickness of the phase change layer 33 is at
least 3nm and not more than 20nm, for example.

[0060] Therefore, a material comprising Te is preferable for the crystal nucleus supplying layer 32, and a material
comprising at least one selected from the group consisting of SnTe and PbTe is most preferable.

[0061] In the case where the crystal nucleus supplying layer 32 is formed on the laser incident side of the phase
change layer 33, as the information recording medium 53, light beams reach the crystal nucleus supplying layer 32 first
and are absorbed thereby. Therefore, it is preferable that the melting point of the crystal nucleus supplying layer 32 is
higher than that of the phase change layer 33. In other words, it is preferable that the melting point Tm1 (°C) of the
crystal nucleus supplying layer 32 and the melting point Tm2 (°C) of the phase change layer 33 satisfies the relationship:
Tm1 > Tm2. This is preferable because when recording signals by irradiating the phase change layer 33 with laser
beams having a high power, the crystal nucleus supplying layer 32 is prevented from being molten at the same time, so
that the function as the crystal nucleus supplying layer is not impaired in the process of melting and quenching. Table
1 shows the crystallization temperature and the melting point of materials comprising Te as a material for the crystal
nucleus supplying layer 32.

Table 1
Crystal nucleus supplying layer material | Crystallization temperature (°C) | Melting point (°C)
Sb,Te; 150 620
Bi,Tes <25 590
Sb 145 620
Te <25 450
SnTe <25 806
PbTe <25 920
GeSbTe eutectic 120 593
GeBiTe eutectic <25 552

[0062] Asshownin Table 1, SnTe and PbTe are particularly preferable as the material for the crystal nucleus supplying
layer in view of the melting point.

[0063] Since it is preferable that the crystal nucleus supplying layer 32 is stable in the crystalline state, the thickness
of the crystal nucleus supplying layer 32 is preferably 2nm or more, more preferably is larger than that (because when
it is thin, the number of atoms is insufficient for crystallization). However, when the crystal nucleus supplying layer 32 is
thick, energy beams are absorbed by the crystal nucleus supplying layer 32, so that the energy beams do not reach the
phase change layer 33. Therefore, the thickness of the crystal nucleus supplying layer 32 is preferably 2nm to 4nm.
[0064] The crystal nucleus supplying layer 32 can be formed by sputtering from a basic material in an Ar gas or an
Ar-N, mixed gas atmosphere. In this case, in order for the phase change layer 33 to be in the as-depo amorphous state,
it is preferable that the film-forming rate of the phase change layer 33 is about 30nm/min. or more. According to the
experiments of the inventors of the present invention, in the case where the thickness of the crystallization-ability improving
layer is 5nm and the thickness of the recording layer is 10nm, the recording layer is crystallized in the process of being
formed when the film-forming rate of the recording layer is 5nm/min to 20nm/min. When the rate is 30nm/min to 40nm/min,
a mixed state of the as-depo amorphous phase and the crystalline phase is attained. When the rate is 50nm/min, the
recording layer results in the as-depo amorphous state. Even if the crystal nucleus supplying layer 32 is present as in
the reversible phase changeable optical information recording medium 10, if the film-forming rate of the phase change
layer 33 is slow, the phase change layer 33 may be crystallized during the formation. Although the film-forming rate that
allows the phase change layer 33 to be crystallized during the formation is varied depending on the combination of the
thickness of the crystal nucleus supplying layer 32 and the thickness of the phase change layer 33, the film-forming rate
of the phase change layer 33 preferably is 30nm/min or more, and more preferably is 40nm/min more in order to prevent
the crystallization of the phase change layer 33.
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[0065] In the information recording medium 53, when any material of SnTe, SnTe-M (where M comprises at least one
selected from the group consisting of N, Ag, Cu, Co, Ge, Mn, Nb, Ni, Pd, Pt, Sb, Se, Ti, V, Zr and PbTe), PbTe, Sb,Te;,
Bi,Tes, Te, GeSbTe eutectic, or GeBiTe eutectic is used as the crystal nucleus supplying layer 32, information can be
recorded in the phase change layer 33 in the as-depo amorphous state (as-depo recording). In particular, when a material
comprising SnTe or PbTe, which has a high melting point, is used, good results are obtained.

[0066] When any material that comprises at least one selected from the group consisting of GeTe, GeSbTe, TeSnSe,
InSbTe, GeBiTe, AginSbTe and GeSbTe and, in addition, at least one selected from the group consisting of Ag, Sn, Cr,
Pb, Bi, Pd, Se, In, Ti, Zr, Au, Pt, Al, Mn and N is used, the as-depo recording is possible.

[0067] As described above, the information recording medium 53 makes the as-depo recording possible.

[0068] FIG. 6 is a cross-sectional view showing an example of the structure of an information recording medium 54.
The information recording medium 54 includes a protective layer 2, aninterface layer 10, a recording layer 34, an interface
layer 11, a protective layer 6 and a reflection layer 7 laminated sequentially on a substrate 1 in this order. A dummy
substrate 9 is attached thereto with an adhesive layer 8, which is formed on the reflection layer 7. The recording layer
34 includes the phase change layer 33 and the crystal nucleus supplying layer 35 laminated in this order from the side
of the substrate 1. The portions other than the recording layer 34 are the same as those of the information recording
medium 53 described with reference to FIG. 5. Therefore, a duplicated description is omitted.

[0069] The functions of the recording layer 34, the crystal nucleus supplying layer 35 and the phase change layer 33
are the same as those of the recording layer 31, the crystal nucleus supplying layer 32 and the phase change layer 33
described with reference to FIG. 5, respectively. The crystal nucleus supplying layer 35 is intended to facilitate the
crystallization of the phase change layer 33. The phase change layer 33 is intended to undergo phase change reversibly
between the crystal state and the amorphous state, and information is recorded by the phase change. In the information
recording medium 54, since the recording layer 34 has the above-described structure, crystallization in the phase change
layer 33 is caused more readily from the interface with the crystal nucleus supplying layer 35.

[0070] In the information recording medium 54, unlike the information recording medium of the FIG. 5, the recording
layer 34 includes the phase change layer 33 and the crystal nucleus supplying layer 35 laminated in this order from the
substrate 1 side.

[0071] The phase change layer 33 is similar to the phase change layer 33 of the information recording medium 53.
[0072] Unlike the crystal nucleus supplying layer 32 of the information recording medium 53, the crystal nucleus
supplying layer 35 is laminated on the side opposite to the laser incident side with respect to the phase change layer
33. Therefore, a material having a lower melting point than that of the phase change layer 33 also can be used suitably
for the crystal nucleus supplying layer 35. More specifically, in addition to the materials for the crystal nucleus supplying
layer 32 described with reference to FIG. 5, not only SnTe and PbTe, but also Sb,Te,, BisTes, Te, a GeSbTe eutectic
composition or a GeBiTe eutectic composition can be used suitably as the material comprising Te. Furthermore, in the
information recording medium 54, since energy beams pass through the phase change layer 33 and then are incident
on the crystal nucleus supplying layer 35, the crystal nucleus supplying layer 35 can be thicker than that of the information
recording medium 53. More specifically, the thickness of the crystal nucleus supplying layer 35 is preferably about 2nm
to 5nm. Furthermore, the film-forming rate of the phase change layer 33 is preferably about 30nm/min or more so that
the phase change layer 33 is in the amorphous state after the formation.

[0073] Inthe information recording medium 54, when any material of SnTe, SnTe-M (where M comprises at least one
selected from the group consisting of N, Ag, Cu, Co, Ge, Mn, Nb, Ni, Pd, Pt, Sb, Se, Ti, V, Zr and PbTe), PbTe, Sb,Te;,
Bi,Tes, Te, GeSbTe eutectic, or GeBiTe eutectic is used as the crystal nucleus supplying layer 35, information can be
recorded in the phase change layer 33 in the as-depo amorphous state (as-depo recording). In the information recording
medium 54, good results are obtained with any of the materials described above.

[0074] When any material that comprises at least one selected from the group consisting of GeTe, GeSbTe, TeSnSe,
InSbTe, GeBiTe, AginSbTe and GeSbTe and, in addition, at least one selected from the group consisting of Ag, Sn, Cr,
Pb, Bi, Pd, Se, In, Ti, Zr, Au, Pt, Al, Mn and N is used as the phase change layer 33, the as-depo recording is possible.
[0075] As described above, the information recording medium 54 in FIG. 6 provides the same effect as the information
recording medium 53.

[0076] FIG. 7 shows an example of the structure of an information recording medium 55. The information recording
medium 55 includes a protective layer 2, an interface layer 10, a recording layer 36, an interface layer 11, a protective
layer 6 and a reflection layer 7 laminated sequentially on a substrate 1 in this order. A dummy substrate 9 is attached
thereto with an adhesive layer 8, which is formed on the reflection layer 7. The recording layer 36 includes the crystal
nucleus supplying layer 32, the phase change layer 33 and the crystal nucleus supplying layer 35 laminated in this order
from the side of the substrate 1. The portions other than the recording layer 36 are the same as those of the information
recording medium 53 described with reference to FIG. 5. Therefore, a duplicated description is omitted.

[0077] The crystalnucleus supplying layers 32 and 35 have the same functions as those of the crystal nucleus supplying
layer 32 described with reference to FIG. 5. The crystal nucleus supplying layers 32 and 35 are intended to facilitate the
crystallization of the phase change layer 33. In the information recording medium 55, since the recording layer 36 has
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the above-described structure, crystallization in the phase change layer 33 is caused more readily from the interface
with the crystal nucleus supplying layers 32 and 35.

[0078] In the information recording medium 55, unlike the information recording medium 53 of the FIG. 5, the phase
change layer 33 is interposed between the crystal nucleus supplying layers 32 and 35.

[0079] The phase change layer 33 is formed of a material that is described for the phase change layer 33 in FIG. 5.
[0080] The same materials as those for crystal nucleus supplying layer 32 described with reference to FIG. 5 can be
used for the crystal nucleus supplying layer 32. For the crystal nucleus supplying layer 32, it is preferable to use a
material having a higher melting point than that of the phase change layer 33 among the materials comprising Te.
[0081] The same materials as those for the crystal nucleus supplying layer 35 described with reference to FIG. 6 can
be used for the crystal nucleus supplying layer 35. For the crystal nucleus supplying layer 35, a material having a lower
melting point than that of the phase change layer 33 also can be used suitably for the crystal nucleus supplying layer
35 among the materials comprising Te.

[0082] The materials for the crystal nucleus supplying layers 32 and 35 can be different. For example, the crystal
nucleus supplying layer 32 can be formed of SnTe, and the crystal nucleus supplying layer 35 can be formed of PbTe.
Furthermore, the crystal nucleus supplying layer 32 can be formed of PbTe, and the crystal nucleus supplying layer 35
can be formed of a GeBiTe eutectic composition. However, it is advantageous that the crystal nucleus supplying layers
32 and 35 are formed of the same material, because the number of basic materials are reduced during film-formation,
and the forming apparatus can be simplified.

[0083] The thicknesses of the crystal nucleus supplying layers 32 and 35 can be different, but preferably the total
thickness of both the layers is 5nm or smaller. For example, the thickness of the crystal nucleus supplying layer 32 can
be 1nm, and the thickness of the crystal nucleus supplying layer 35 can be 2nm. Alternatively, the thickness of the crystal
nucleus supplying layer 32 can be 2nm, and the thickness of the crystal nucleus supplying layer 35 can be 3nm.
[0084] In the information recording medium 55, when any material of SnTe, SnTe-M (where M comprises at least one
selected from the group consisting of N, Ag, Cu, Co, Ge, Mn, Nb, Ni, Pd, Pt, Sb, Se, Ti, V, Zr and PbTe), PbTe, Sb,Tes,
Bi,Tes, Te, GeSbTe eutectic, or GeBiTe eutectic is used as the crystal nucleus supplying layers 32 and 35, as-depo
recording is possible. In particular, a material comprising SnTe or PbTe, which has a high melting point, is used, good
results are obtained.

[0085] When any material that comprises at least one selected from the group consisting of GeTe, GeSbTe, TeSnSe,
InSbTe, GeBiTe, AginSbTe and GeSbTe and, in addition, at least one selected from the group consisting of Ag, Sn, Cr,
Pb, Bi, Pd, Se, In, Ti, Zr, Au, Pt, Al, Mn and N is used, as-depo recording is possible.

[0086] As described above, the information recording medium 55 in FIG. 7 provides the same effect as the information
recording medium 53.

[0087] The information recording media in FIGs. 5 to 7 are designed to attain Ra > Rc, and signals can be recorded
on the phase change layer 33 in the as-depo amorphous state without the initialization process.

[0088] Next, an example of a method for manufacturing the information recording medium will be described.

[0089] The method for manufacturing the information recording medium, the information recording medium including
arecording layer, includes forming a recording layer comprising a phase change layer in which a phase change is caused
reversibly between the crystalline state and the amorphous state and a crystal nucleus supplying layer laminated on the
phase change layer that facilitates the crystallization of the phase change layer. Hereinafter, a method for manufacturing
the information recording medium 53 in FIG. 5 will be described with reference to FIG. 5.

[0090] First, a protective layer 2 and an interface layer 10 are formed on a substrate 1. These layers can be formed
by reactive sputtering from targets (metal basic materials) of the materials thereof in an Ar gas and a reactive gas
atmosphere, or by sputtering from compound basic materials in an Ar gas atmosphere or an Ar gas and a reactive gas
atmosphere.

[0091] Next, a crystal nucleus supplying layer 32 and a phase change layer 33 are laminated on the interface layer
10. The crystal nucleus supplying layer 32 and the phase change layer 33 can be formed by sputtering from a basic
material in an Ar gas or an Ar-N, mixed gas atmosphere. The phase change layer 33 is formed under the conditions
that achieves the amorphous state. In order for the phase change layer 33 to be in the as-depo amorphous state after
the formation, as described with reference to FIG. 5, it is preferable that the film-forming rate is about 30nm /min or more.
[0092] Next, an interface layer 11 and a protective layer 6 are laminated on the phase change layer 33. These layers
can be formed in the same manner as the protective layer 2 and the interface layer 10.

[0093] Next, a reflection layer 7 is formed on the protective layer 6. The reflection layer 7 can be formed by sputtering
or vapor deposition.

[0094] Finally, an adhesive layer 8 is applied onto the reflection layer 7 by spin-coating. A dummy substrate 9 is
attached thereto, and irradiated with ultraviolet rays to cure the adhesive layer 8. Thus, the information recording medium
53 can be produced.

[0095] The information recording media 54 and 55 can be produced easily by the same method as above.

[0096] The method for manufacturing an information recording medium allows the information media to be produced

11



10

15

20

25

30

35

40

45

50

55

EP 1 526 522 B9

easily.

[0097] Next, an example of a method for recording/reproducing information on an information recording medium will
be described.

[0098] The recording/reproducing method uses any one of the information recording media shown in FIGs. 5 to 7.
[0099] More specifically, signals are recorded by irradiating any one of the information recording media shown in FIGs.
5 to 7 with a modulated laser beam so as to form an amorphous region and a crystalline region in the phase change
layer. Irradiating the amorphous region in the phase change layer with a laser beam at a low power makes the irradiated
portion of the amorphous region become crystallized. On the other hand, irradiating the crystalline region in the phase
change layer with a laser beam at a high power makes the irradiated portion of the crystalline region become amorphous.
[0100] The recording/reproducing method allows reliable recording of information signals. In particular, as-depo re-
cording is possible by using any one of the information recording media shown in FIGs. 5 to 7.

Examples

[0101] Next, some preferred embodiments of the present invention will be described more specifically, together with
other arrangements given for illustrative purposes only.

[0102] Examples 1 to 13 are intended to eliminate initialization and to form a phase change layer in the crystalline
state when the formation is complete.

[0103] Examples 14 to 26 are intended to eliminate initialization and to record information on the phase change layer
that is in the as-depo amorphous state. Example 26 is directed to reliability.

Example 1

[0104] For the function as the crystallization-ability improving layer to crystallize the phase change layer during the
formation, it is preferable that the crystallization-ability improving layer itself be crystalline after its formation. Several
high-speed materials or materials having a low melting point whose crystals are structurally stable were selected and
the phase structures thereof after formation were investigated. The materials were Bi,Tes, Sb,Tes, Sb, Te, SnTe, PbTe,
GeSbTe eutectic, and GeBiTe eutectic. Thin films, each of which was 5nm thick, were formed on quartz substrates with
respect to the eight materials by DC sputtering from sputtering targets of a diameter of 100mm and a thickness of 6mm
(hereinafter, represented by 100mm ¢ X 6mm t) in an Ar atmosphere. The transmissions of the obtained eight thin films
were measured while the films were warmed at a rate of 50°C/min by a He-Ne laser. FIGs. 4A to 4C show the relationship
between the temperature and the transmission. If the structure is amorphous after the film-formation, the transmission
is relatively high at room temperature, and a sharp drop due to the phase change to the crystalline phase is observed
at a temperature in the process of increasing the temperature, as shown in FIG. 4A. This temperature is defined as the
crystallization temperature. In the case where the structure is a mixed state of an amorphous state and a crystalline
state after the film-formation, the transmission at room temperature is lower that that of FIG. 4A, and a slight change in
the transmission is observed in the process of increasing the temperature, as shown in FIG. 4B. The crystallization
temperature is lower than that of FIG. 4A, and crystallization is caused more readily than the state of FIG. 4A. Lines a,
b, and cin FIG. 4B show the transmissions of the films with different proportions of the crystalline state and the amorphous
state. Line a is of the film containing the crystalline phase in the highest proportion, and line ¢ shows the film containing
it in the lowest proportion of the three films. When the structure after the film-formation is crystalline, the transmission
at room temperature is the lowest, and substantially no change in the transmission is observed even if the temperature
is raised, as shown in FIG. 4C. Such difference can be used to determine the phase structure. Table 2 shows the structure
of the eight thin films.

Table 2
Crystallization-ability improving layer | Phase structure of crystallization-ability improving layer at room temperature
Bi,Tes crystalline phase
Sb,Tes mixed phase of amorphous and crystalline phases
Sb mixed phase of amorphous and crystalline phases
Te crystalline phase
SnTe crystalline phase
PbTe crystalline phase
GeSbTe eutectic mixed phase of amorphous and crystalline phases
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(continued)

Crystallization-ability improving layer | Phase structure of crystallization-ability improving layer at room temperature

GeBiTe eutectic

crystalline phase

Example 2

[0105] The thin films of Example 1 were investigated as to whether or not they function as the crystallization-ability
improving layer. A crystallization-ability improving layer was formed on a quartz substrate in a vacuum chamber, and a
phase change layer was formed thereon successively so as to prepare a sample. Then, the phase structure of the
sample was investigated. The thickness was as follows: the quartz/ the crystallization-ability improving layer (5nm) / the
phase change layer (10nm). The sputtering conditions of the crystallization-ability improving layer were the same as
those in Example 1. The material for the phase change layer was Ge,Sb,Tes. The phase structure of the phase change
layer was investigated by measuring the transmission as in Example 1.

Table 3

crystallization-ability improving layer | Phase structure of phase change layer at room temperature

not provided

amorphous phase

Bi,Te, mixed phase of amorphous and crystalline phases
Sb,Tes mixed phase of amorphous and crystalline phases
Sb amorphous phase
Te mixed phase of amorphous and crystalline phases
SnTe crystalline phase
PbTe crystalline phase

GeSbTe eutectic

mixed phase of amorphous and crystalline phases

GeBiTe eutectic

crystalline phase

In the case where the crystallization-ability improving layer was not provided, the Ge,Sb,Tes phase change

layer was amorphous, and the transmission change was the same as shown in FIG. 4A. The crystallization temperature
was about 200°C. When Sb was used as the crystallization-ability improving layer, the crystallization temperature was
not dropped, and crystallization or generation of a crystal nucleus was not observed. When Bi,Te;, SbyTes, Te, or
GeSbTe eutectic was used as the crystallization-ability improving layer, the phase change layer was in a mixed state of
the amorphous phase and the crystalline phase. When SnTe, PbTe or GeBiTe eutectic was used as the crystallization-
ability improving layer, the results were similar to those shown in FIG. 4C, and crystallization in the phase change layer
was observed. These results confirmed that when a telluride was used as the crystallization-ability improving layer, the
crystallization in the phase change layer was accelerated. Furthermore, it became evident that a material having a halite
type crystal structure had a larger crystallization effect among the tellurides.

Example 3

[0107] The relationship between the thickness and the crystallization effect was investigated with SnTe as the crys-
tallization-ability improving layer. The films were formed of SnTe on quartz substrates while changing the thickness from
1nm to 20nm. Then, the phase change layer 10nm thick was formed thereon. Table 4 shows the structures of the phase
change layers of the thus obtained samples.

Table 4
Thickness of SnTefilm (nm) | Phase structure of phase change layer
1 mixed phase of amorphous and crystalline phases
3 substantially crystalline phase
5 crystalline phase

13



10

15

20

25

30

35

40

45

50

55

EP 1 526 522 B9

(continued)

Thickness of SnTefilm (nm) | Phase structure of phase change layer
7 crystalline phase
10 crystalline phase
15 crystalline phase
20 crystalline phase

[0108] When the thickness is 1nm, the structure was in a mixed state of amorphous phase and crystalline phase.
However, the crystallization was caused more readily than when the crystallization-ability improving layer was not pro-
vided. When the thickness was 3nm or more, the phase change layer was crystallized.

Example 4

[0109] The conditions under which the phase change layer was formed and the crystallization effect were investigated.
A SnTe film 5nm thick was formed on a quartz substrate, and the phase change layer 10nm thick was formed thereon
at varied rates at which the film was formed. Table 5 shows the structures of the phase change layers of these samples.

Table 5

Film-forming rate of phase change layer (nm/min) | Phase structure of phase change layer

5 crystalline phase

7 crystalline phase

10 crystalline phase

20 substantially crystalline phase

30 mixed phase of amorphous and crystalline phases

40 mixed phase of amorphous and crystalline phases

50 substantially amorphous phase

60 amorphous phase

[0110] The results indicate that the effect provided by the crystallization-ability improving layer of crystallizing the
phase change layer depends on the film-forming rate. When the film-forming rate was from 5nm/min to 20nm/min, the
phase change layer was crystallized. When the film-forming rate was from 30nm/min to 40nm/min, the phase change
layer was in a mixed state of the amorphous phase and the crystalline phase. The phase change layer was amorphous
at a rate higher than that. The lower the film-forming rate of the phase change layer is, the more readily the phase change
layer is crystallized. The most preferable rate was 5nm/min to 10nm/min.

Example 5

[0111] The complex refractive index of SnTe was experimentally obtained. The results were a refractive index n of
4.2 and an extinction coefficient k of 4.5. Samples were prepared by determining the structure of an optical information
recording medium by optical calculation with this complex refractive index. The reflectance of the optical information
recording medium was measured so as to examine whether or not the phase change layer was crystallized.

[0112] As shown in FIG. 1, a protective layer 100nm thick, a crystallization-ability improving layer 5nm thick, a phase
change layer 18nm thick, a protective layer 25nm thick and a reflection layer 80nm thick were formed on a polycarbonate
substrate successively in this order in a vacuum chamber with a batch type sputtering apparatus. Table 6 shows the
specific conditions under which the films were formed.
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Table 6
Disk 1 Base material Sputtering gas Sputtering Sputtering power
pressure (mTorr) (W)
Layer thickness (nm)
protective layer (100) ZnS- Ar 0.5 RF500
20mol%SiO,

crystallization- (5) SnTe Ar 1 DC50
abilityimproving

layer

recording layer (18) GeSbTe Ar+N, 1 DC30
protective layer (25) Ge Ar+N, 10 RF300
reflection layer (80) AICr Ar 3 DC200

[0113] The reflectance of the optical information recording medium was measured by a phase changeable optical disk
evaluation apparatus manufactured by PULSTEC INDUSTRIAL CO., LTD. The light source has a wavelength of 660nm
and NA of 0.6. The optical information recording medium was rotated at a linear velocity of 8m/s, and the reflectance at
the position at a radius of 40mm in the mirror face portion was measured, and the result was a reflectance of 20%.
[0114] In order to investigate whether or not the crystallization was complete, the same position was irradiated with
a laser beam with a power sufficient for usual crystallization, and then the reflectance was measured. In this case, the
reflectance was 20.3%. It was verified that the phase change layer was crystallized substantially completely after the
formation. The same effect was observed with respect to PbTe and GeBiTe eutectic.

Example 6

[0115] A measurement was performed regarding the changes in the reflectance and the recording sensitivity of the
optical information recording medium when only the thickness of the crystallization-ability improving layer was changed
in the multilayered film structure of Example 5. SnTe was used for the crystallization-ability improving layer. The reflect-
ance was measured under the same conditions as in Example 5, and the recording sensitivity was defined as a recording
power that provides a CNR value of 50dB when a 3T signal was recorded between grooves one time. Table 7 shows
the results.

Table 7
Disk No. | Thickness of crystallization-ability improving layer (nm) | Reflectance (%) | Recording sensitivity (mW)
Disk 2 1 15.2 8.3
Disk 3 3 17.6 9.4
Disk 1 5 20.0 10.6
Disk 4 7 23.5 11.4
Disk 5 10 27.6 12.6
Disk 6 15 34.8 >14.0
Disk 7 20 41.3 >14.0

[0116] The thicker the crystallization-ability improving layer was, the larger the reflectance of the multilayered film was.
However, the thicker the crystallization-ability improving layer was, the lower the recording sensitivity was. When the
thickness was 15nm or more, a recording power of 14mW or more was required, which is unsuitable for practical use.
As aresult, a preferable thickness of the crystallization-ability improving layer is from 1 to 10nm.

Example 7

[0117] The overwrite jitter characteristics of the optical information recording medium produced in Example 5 were
evaluated. For comparison, the overwrite jitter characteristics of the optical information recording medium without the
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crystallization-ability improving layer in a conventional structure that had been subjected to the crystallization process
by a semiconductor laser were evaluated. The changes of the jitter value were examined by recording a 3T signal
between grooves one to 20 times. Table 8 shows the results.

Table 8
The number of times of recording Jitter value (%)
Disk 1 Disk 8
Crystallization-abilityimprovinglayeris | Crystallization-abilityimproving layeris
provided. not provided.
Initialization process is not performed. Initialization process is performed.
1 9.8 9.7
2 10.2 9.8
3 10.3 9.8
4 10.1 9.7
5 9.9 9.7
10 9.9 9.7
20 9.8 9.7

[0118] Thejitter values in Table 8 is the average of the front-end jitter value and the rear-end jitter value of the recording
mark.

[0119] The difference between the front-end jitter value and the rear-end jitter value was within 0.5% regardless of
the number of times of recording.

[0120] When the crystallization of the phase change layer was insufficient so that a portion thereof was amorphous,
the jitter value was increased around at the time of the 2nd to 4th recording. In this example, even if recording was
performed on the optical information recording medium in which the phase change layer was crystallized in the middle
of the formation with the crystallization-ability improving layer, the jitter value was not increased around at the time of
the 2nd to 4th recording. The crystalline phase was substantially comparable to that of a conventional recording film
crystallized by irradiating it with a semiconductor laser after the film was formed.

Example 8

[0121] The effect provided by the crystallization-ability improving layer was examined by using the structure of the
first information recording medium of the two-layered information recording medium in FIG. 3. A protective layer 100nm
thick, an interface layer 5nm thick, a crystallization-ability improving layer 3nm thick, a phase change layer 7nm thick,
an interface layer 5nm, and a protective layer 90nm thick were formed on a polycarbonate substrate successively in this
order in a vacuum chamber with a batch type sputtering apparatus. Information recording media with seven different
materials for the crystallization-ability improving layer and an information recording medium without the crystallization-
ability improving layer were prepared. At the same time, sample pieces including the multilayered film having the same
structure formed on quartz substrates also were produced. The phase structure of the phase change layer after the
formation was examined by using the sample pieces. When Bi,Tes, Sb,Tes, Te, or GeSbTe eutectic was used, the
structure was a mixed state of the amorphous phase and the crystalline phase. Since they were not completely amorphous,
the optical information recording medium was irradiated with a semiconductor laser beam for crystallization in order to
evaluate the ease of crystallization. In the case where the crystallization-ability improving layer was not provided, the
power of the semiconductor laser required by initialization was 800mW This was the substantial upper limit of the laser
output. Table 9 shows the results when the crystallization-ability improving layer was used.

Table 9
Disk No. | Crystallization-ability improving | Phasestructure of phasechange Laser power for initialization
layer layer (mW)
Disk 9 not provided amorphous 800
Disk 10 Bi,Tes mixed phase of amorphous and 430
crystalline phases
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(continued)

Disk No. | Crystallization-ability improving | Phasestructure of phasechange Laser power for initialization
layer layer (mW)
Disk 11 Sb,yTe, mixed phase of amorphous and 470
crystalline phases
Disk 12 Te mixed phase of amorphous and 440
crystalline phases
Disk 13 SnTe crystalline phase -
Disk 14 PbTe crystalline phase -
Disk 15 GeSbTe eutectic mixed phase of amorphous and 420
crystalline phases
Disk 16 GeBiTe eutectic crystalline phase -
[0122] Even if the phase change layer was not in the complete crystalline phase, providing the crystallization-ability

improving layer even 3nm thick reduced the power for initialization, so that the crystallization was made easy. The same
effect was obtained with the crystallization-ability improving layer 1nm thick.

Example 9

[0123] With respect to the structure having the light-absorption layer as shown in FIG. 2, the same examination as in
Example 5 was performed.

[0124] AZnS-SiO, protective layer 120nmthick, a GeN interface layer 5Snmthick, a SnTe crystallization-ability improving
layer 5nm thick, a GeSbTe phase change layer 10nm thick, a GeN interface layer 5nm, a ZnS-SiO, protective layer
50nm thick, a light-absorption correcting layer 30nm thick made of an Si alloy, and a reflection layer 80nm made of an
Ag alloy were formed on a polycarbonate substrate so as to prepare an information recording medium. When the film
formation was complete, the phase change layer was crystallized by the effect of the crystallization-ability improving
layer, and the reflectance obtained was 17.0%. The same position was irradiated with a semiconductor laser beam, and
then the reflectance was measured. Then, the reflectance was 16.9%. This verified that the phase change layer was in
the completely crystallized state after the film-formation. The crystallization-ability improving layer provided the effect in
the structure in FIG. 2.

Example 10

[0125] In the examples up to Example 9, a telluride was used as the crystallization-ability improving layer and the
excellent effect was provided. However, since the crystallization-ability improving layer absorbs light, the thickness is
limited to be as small as 5nm or less. Therefore, it was investigated whether or not a halogenide having small light
absorption and comprising a compound having a halite type structure has the function as the crystallization-ability
improving layer. The materials are nine F compounds, which are ZnF,, AlF;, KF, CaF,, NaF, BaF,, MgF,, LaF5, and
LiF. A sputtering target of 100mm ¢ X 6mm t of each of the compounds was subjected to RF sputtering in an Ar gas
atmosphere so as to form a thin film 10nm thick on a quartz substrate. Then, a phase change layer 10nm thick was
formed thereon so as to prepare a sample. The phase structure of the formed phase change layer was examined. In
the same manner in Example 1, the transmission was measured while heating at a rate of 50°C /min by a He-Ne laser.
As a result of determining the phase structure of the nine samples from FIGs. 4A to 4C, all the samples had a mixed
phase of the amorphous phase and the crystalline phase. Although all the samples exhibited the transmission change
as shown in FIG. 4B, the materials having a halite type structure, LiF, NaF, and KF exhibited the transmission change
close to that indicated by line b. The transmission change of the other materials was close to that indicated by line a.
The material having a halite type structure used as the crystallization-ability improving layer allowed the proportion of
the crystalline phase in the phase change layer to be larger, and had a higher effect as the crystallization-ability improving
layer than the other materials.

Example 11

[0126] A halogenide 10nm thick was formed as the crystallization-ability improving layer, and the same examination
as in Example 8 was performed. Table 10 shows the results.
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Table 10
Disk No. | Crystallization-ability improving Phase structure of phasechange | Laser power for initialization
layer layer (mW)
Disk 17 not provided amorphous phase 800
Disk 18 ZnF, mixed phase of amorphous and 550

crystalline phases

Disk 19 AlF, mixed phase of amorphous and 530
crystalline phases

Disk 20 KF mixed phase of amorphous and 460
crystalline phases

Disk 21 CaF, mixed phase of amorphous and 570
crystalline phases

Disk 22 NaF mixed phase of amorphous and 440
crystalline phases

Disk 23 BaF, mixed phase of amorphous and 570
crystalline phases

Disk 24 MgF, mixed phase of amorphous and 580
crystalline phases

Disk 25 LaF; mixed phase of amorphous and 600
crystalline phases

Disk 26 LiF mixed phase of amorphous and 420

crystalline phases

[0127] Even if the phase change layer was in a mixed state of the amorphous phase and the crystalline phase, the
laser power for initialization was significantly reduced, compared with the case where the crystallization-ability improving
layer was not provided. Providing the crystallization-ability improving layer made of a halogenide reduces the energy
required for crystallization. The crystallization-ability improving layer made of the halogen compound also facilitates the
crystallization of the phase change layer.

Example 12

[0128] The complexrefractiveindex of LiF, NaF and KF, which had a high function as the crystallization-ability improving
layer, was determined. A crystallization-ability improving layer of each of the materials was formed on a quartz substrate.
The thickness was measured with a step meter. The reflectance and the transmission thereof were measured by a
spectrometer so as to obtain the complex refractive index. Table 11 shows the obtained complex refractive indexes.

Table 11
Crystallization-ability improving layer n-ki
LiF 1.41-0.00I
NaF 1.48-0.00I
KF 1.52-0.00I

[0129] These films were transparent and had k = 0.

Example 13
[0130] A measurement was performed regarding the changes in the reflectance and the recording sensitivity of the

optical information recording medium when only the thickness of the crystallization-ability improving layer was changed
in the multilayered film structure of Example 8. LiF was used for the crystallization-ability improving layer. Table 12 shows
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the results.
Table 12
Crystallization-ability improving layer (nm) | Reflectance (%) | Recording sensitivity (mW)
1 13.6 7.5
5 15.2 8.3
10 16.8 9.3
15 18.2 10.4
20 20.1 12.5
25 22.4 14.0
30 25.0 >14.0

[0131] The thicker the crystallization-ability improving layer was, the larger the reflectance of the multilayered film was.
When the thickness was 1nm, the reflectance was less than 15%. When the thickness was more than 25nm, the recording
sensitivity was 14mW or more. These results indicate that a preferable thickness of the crystallization-ability improving
layer made of the halogenide is from 5nm to 20nm. Compared with the results of Example 6, a smaller k of the crystal-
lization-ability improving layer itself allows the thickness of the crystallization-ability improving layer to be set larger.
[0132] Inthe above examples, the effects of the crystallization-abilityimproving layer of FIGs. 1, 2 and 3 were described.
However, the present invention is not limited to these structures, and the effects can be obtained regardless of the
thickness of the protective layer or the presence or the absence of the interface layer, as long as the crystallization-
ability improving layer is formed before the phase change layer is formed.

[0133] As described above, the present invention allows the phase structure of the phase change layer after the
formation to be in the crystalline phase by forming the crystallization-ability improving layer at the substrate side interface
of the phase change layer, so that the crystallization process that requires thermal means can be eliminated, or crys-
tallization can be caused with a smaller power.

Example 14

[0134] In Example 14, the materials for the crystal nucleus supplying layer were examined.

[0135] Inorderto startrecording of information in the as-depo state without initializing the phase change layer, recording
is required to be performed while crystallizing the as-depo amorphous portion. Therefore, it is necessary that a crystal
nucleus can be generated easily in the as-depo amorphous phase change layer. The larger the number of crystal nuclei
generated, the lower the transition temperature (crystallization temperature) from the amorphous phase to the crystalline
phase becomes. As the material for the crystal nucleus supplying layer, several materials are selected from materials
having NaCl type crystalline phase structure, high speed-crystallization materials and materials having a low melting
point, and the crystallization temperature of the phase change layer laminated on these materials was investigated.
[0136] The materials were BiyTe;, SbyTes, Sb, Te, SnTe, PbTe, SnTe-PbTe, SnTe-Ag, SnTe-Se, SnTeN, GeSbTe
eutectic, GeBiTe eutectic, TiN, and ZrN. The material for the phase change layer was GeSbTe.

[0137] A sample having a layer structure of a quartz substrate/ crystal nucleus supplying layer (thickness of 2nm) /
phase change layer (thickness of 10nm) was used. The crystal nucleus supplying layers made of the material other than
SnTeN, TiN and ZrN were formed by DC sputtering from a sputtering target of a diameter of 100mm and a thickness of
6mm in an Ar gas atmosphere. The crystal nucleus supplying layers made of SnTeN, TiN and ZrN were formed by RF-
sputtering from the sputtering targets of SnTe, Ti and Zr in an Ar-N, mixed gas atmosphere. The phase change layer
made of GeSbTe was formed by DC sputtering from a target in an Ar gas atmosphere.

[0138] Furthermore, a sample without the crystal nucleus supplying layer was produced. The transmission of the
samples with and without the crystal nucleus supplying layer was measured while the samples were warmed at a rate
of 50°C/min by a He-Ne laser.

[0139] When the phase change layer reaches the crystallization temperature, the transmission of the sample drops
sharply. The change in the transmission indicates the crystallization temperature. Table 13 shows results of measuring
the crystallization temperatures of the samples.
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Table 13

Crystal nucleus supplying layer | Crystallization temperature of phase change layer (°C )
not provided 192
Sb,Te; 154
Bi,Tes 142
Sb 192
Te 180
SnTe 170
SnTe-PbTe 159
SnTe-Ag 172
SnTe-Se 173
SnTe-N 170
PbTe 166
GeSbTe eutectic 158
GeSbTe eutectic 146
TiN 192
ZrN 192

[0140] When the crystal nucleus supplying layer was not provided, the crystallization temperature of the GeSbTe
phase change layer was 192°C. when the material comprising Te was used as the crystal nucleus supplying layer, the
crystallization temperature of the phase change was reduced, and it is believed that the material has an effect on
generation of crystal nuclei. Although the crystalline phase of TiN and ZrN has a NaCl type structure, the effects on
generation of crystal nuclei were not observed. Sb provided no effects.

Example 15

[0141] In Example 15, the information recording medium 53 was produced by using the materials that provided the
effect on generation of crystal nuclei in Example 14, and as-depo recording was performed. One example thereof will
be described.

[0142] ZnS-20mol% SiO, (80mol%ZnS-20mol%SiO,, which also applies to the following examples) as a protective
layer, a GeN interface layer 5nm thick, a crystal nucleus supplying layer 2nm thick, a GeSbTe phase change layer 10nm
thick, a GeN interface layer 5nm thick, a ZnS-20mol% SiO, protective layer, and a reflection layer made of an Ag alloy
were formed on a polycarbonate substrate having a guide groove in this order successively. After the formation of the
films, the Ag alloy was coated with an ultraviolet curable resin by spin-coating and attached to a dummy substrate.
Bi,Tes, Sb,Te;, Te, SnTe, SnTe-PbTe, SnTe-Ag, SnTe-Se, SnTeN, PbTe, GeSbTe eutectic, or GeBiTe eutectic was
used as the material for the crystal nucleus supplying layer.

[0143] Next, the conditions under which the films were formed of these materials will be described. The ZnS-
20mol%SiO, layer was formed by RF-sputtering from ZnS-20mol%SiO, as the basic material in an Ar gas atmosphere.
The GeN layer was formed by RF-sputtering from Ge as the basic material in an Ar-N, mixed gas atmosphere. The
crystal nucleus supplying layer was formed under the same conditions as in Example 1. The phase change layer made
of GeSbTe was formed by DC-sputtering from GeSbTe as the basic material in an Ar-N, mixed gas atmosphere. The
reflection layer made of an Ag alloy was formed by DC-sputtering from the Ag alloy as the basic material in an Ar gas
atmosphere. For the information recording medium of Example 15, the thicknesses of the two protective layers were
determined precisely so that Ra was about 28% and Rc was about 10%.

[0144] The reversibly phase changeable optical information recording medium of Example 2 was evaluated with a
drive for evaluation on which a laser having A = 660nm and NA = 0.6 was mounted. The amplitude, the noise level and
the CNR of a 3T signal on a groove were evaluated. The evaluation was performed at a linear velocity of 8.2m/s in the
portion irradiated with a laser beam. Recording was performed by modulating the laser beam between a high power Pp
(mW) and a low power Pb(mW). FIG. 8 shows the modulated waveform for recording. The amorphous phase and the
crystalline phase were formed by modulating the laser beam, regardless of the initial state (as-depo amorphous state,
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initialized crystalline state or recorded state), so that new information was recorded. Pr(mW) represents the reproducing
power.

[0145] An as-depo amorphous region that was not initialized (non-initialized as-depo amorphous region) and a crys-
talline region that was initialized (initialized crystalline region) were formed on the same plane by initializing a circular
region in a portion of the information recording medium. Then, it was determined whether or not as-depo recording was
possible by comparing the CNRs between the two regions. In each medium, Ra was about 28% and Rc was about 10%,
so that addresses were read satisfactorily, the servo characteristics were stable, and thus it was possible to evaluate
the CNRs in both regions. A 3T signal was recorded once. Table 14 shows the evaluation results.

Table 14
Information recording medium No. Crystal nucleus supplying layer 3T signal CNR (dB)
material
non-initialized region | initialized region

2-01 not provided 29.4 52.5
2-02 SbyTe, 475 52.3
2-03 Bi,Tes 49.1 52.0
2-04 Te 46.5 51.5
2-05 SnTe 53.3 52.6
2-06 SnTe-PbTe 53.3 52.4
2-07 SnTe-Ag 53.6 52.6
2-08 SnTe-Se 53.5 52.8
2-09 SnTe-N 53.2 52.4
2-10 PbTe 53.4 52.6
2-11 GeSbTe eutectic 48.1 52.1
2-12 GeBiTe eutectic 49.4 52.0

[0146] As shown in Table 14, in the case where a material comprising SnTe or a material comprising PbTe is used,
the CNR in the as-depo amorphous region and the CNR in the crystalline region were substantially at the same level.
However, the as-depo amorphous region, which had a lower noise level by about 1dB, had a higher CNR than that in
the crystalline region. It is believed that noise is slightly increased by initialization. In the case where other materials
comprising Te is used, the CNR in the as-depo amorphous region was 45dB or more, which was about 3dB to 5dB lower
than that in the crystalline region. The above-described results confirmed that the as-depo recording can be performed
on the media formed of the above-described materials.

[0147] The melting point of GeSbTe as the phase change layer is about 620°C, and the melting points of materials
other than SnTe and PbTe as the crystal nucleus supplying layers are about 620°C or lower. Therefore, the reason why
the CNR of the media formed of the materials other than SnTe and PbTe is lower by several dB is believed that the
crystal nucleus supplying layer is molten and mixed with the phase change layer during recording, so that the optical
characteristics were changed. Therefore, in the structures where the phase change layer is formed after the crystal
nucleus supplying layer, it is more preferable that the crystal nucleus supplying layer is formed of a material comprising
SnTe or PbTe.

Example 16

[0148] In Example 16, an information recording medium 54 was produced with a material that provided an effect on
generation of crystal nuclei in Example 14, and as-depo recording was performed.

[0149] A ZnS-20mol%SiO, protective layer, a GeN interface layer 5nm thick, a GeSbTe phase change layer 10nm
thick, a crystal nucleus supplying layer 2nm thick, a GeN interface layer 5nm thick, a ZnS-20mol%SiO, protective layer,
and a reflection layer made of an Ag alloy were formed on a polycarbonate substrate having a guide groove successively
in this order. After formation, the Ag alloy was coated with an ultraviolet ray curable resin by spin-coating and attached
to a dummy substrate. Bi,Tes, Sb,Tes, Te, SnTe, SnTe-PbTe, SnTe-Ag, SnTe-Se, SnTeN, PbTe, GeSbTe eutectic or
GeBiTe eutectic was used for the crystal nucleus supplying layer. The layers were formed using the same conditions
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as in Example 15.

[0150] A non-initialized as-depo amorphous region and an initialized crystalline region were formed on the same plane
by initializing a circular region in a portion of the information recording medium. Then, it was determined whether or not
as-depo recording was possible by comparing the CNR between the amorphous and crystalline states. The recording
conditions and the evaluation conditions were the same as in Example 2. Table 15 shows the evaluation results.

Table 15
Information recording medium | Crystal nucleus supplying layer material 3T signal CNR (dB)
non-initialized region | initialized region
2-01 not provided 29.4 52.5
3-01 Sb,Te; 53.1 52.5
3-02 Bi,Tes 52.9 52.4
3-03 Te 53.1 52.3
3-04 SnTe 53.3 52.6
3-05 SnTe-PbTe 53.3 52.4
3-06 SnTe-Ag 53.6 52.6
3-07 SnTe-Se 53.5 52.8
3-08 SnTe-N 53.4 52.6
3-09 PbTe 53.4 52.6
3-10 GeSbTe eutectic 53.0 52.2
3-11 GeBiTe eutectic 52.9 52.4

[0151] Table 15 reveals that in the media formed of any of the above materials as the crystal nucleus supplying layer,
the CNRs in the as-depo amorphous region and the crystalline region were in the same level, and as-depo recording
was possible. Thus, in the structures where the crystal nucleus supplying layer is formed after the phase change layer,
as-depo recording also can be performed on the media where the crystal nucleus supplying layer is formed of a material
having a lower melting point than that of the phase change layer.

Example 17

[0152] In Example 17, the crystal nucleus supplying layer was formed of SnTe, which was confirmed to be capable
of achieving the as-depo recording in Example 15, and the dependence of as-depo recording on the thickness of the
crystal nucleus supplying layer and the number of times of recording were investigated. In Example 17, an information
recording medium 53 was produced by the same method as in Example 15. In this case, the thickness of crystal nucleus
supplying layer of the information recording medium of each sample was changed from Onm to 7nm by every 0.5nm.
[0153] A3T signalwas recorded once, twice and 10 times inthe amorphous state that was not initialized. The evaluation
conditions were the same as in Example 15. Table 16 shows the results of the evaluation.

Table 16
Information recording | ;4 1 ecs o SnTe film (nm) 3T signal CNR (dB)
medium No.
recording once | recordingtwice | recordingtentimes
2-01 0.0 29.4 39.0 53.5
4-01 0.5 32.2 411 53.2
4-02 1.0 32.0 43.0 53.4
4-03 1.5 39.5 49.2 53.3
2-05 2.0 53.2 53.3 53.4
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(continued)

Informatign recording Thickness of SnTe film (nm) 3T signal CNR (dB)
medium No.
recording once | recordingtwice | recordingtentimes
4-04 25 53.4 53.2 53.2
4-05 3.0 53.2 53.4 53.5
4-06 3.5 53.3 53.2 53.2
4-07 4.0 53.4 53.1 53.3
4-08 4.5 51.1 51.0 50.0
4-09 5.0 49.7 49.8 48.8
4-10 5.5 48.5 48.6 475
4-11 6.0 47.2 471 46.1
4-12 6.5 453 452 44.3
4-13 7.0 42.3 425 414

[0154] Asshownin Table 16, when the thickness of the crystal nucleus supplying layer was 2nm or more, a substantially
saturated CNR was obtained even by recording once. When the thickness was as small as 1.5nm or less, the amplitude
was small in recording once, and since the noise level was high in recording twice, the CNR was low. The noise level
became lower as recording was performed more times. Seven-times recording was required to obtain a saturated CNR.
When the thickness was 4.5nm or more, a saturated CNR was not obtained at a recording power of 15mW. The results
indicate that when the crystal nucleus supplying layer is thick, the recording sensitivity of the phase change layer is
dropped. The thickness of the crystal nucleus supplying layer that achieved the as-depo recording and provided good
recording sensitivity was about 2nm to 4nm.

[0155] Therefore, in the information recording medium of Example 17, a preferable thickness of the crystal nucleus
supplying layer is about 2nm to 4nm.

Example 18

[0156] InExample 18,the same experiments as in Example 17 were conducted with respect to the information recording
medium 54.

[0157] A ZnS-20mol%SiO, protective layer, a GeN interface layer 5nm thick, a GeSbTe phase change layer 10nm
thick, a SnTe crystal nucleus supplying layer, a GeN interface layer 5nm thick, a ZnS-20mol%SiO, protective layer, and
a reflection layer made of an Ag alloy were formed on a polycarbonate substrate having a guide groove successively in
this order. After formation, the Ag alloy was coated with an ultraviolet ray curable resin by spin-coating and attached to
a dummy substrate. The thickness of SnTe as the crystal nucleus supplying layer was changed from Onm to 7nm by
every 0.5nm. Table 17 shows the results of measuring in the same manner as in Example 17.

Table 17
I;;c:;’miti:‘r;.recording Thickness of SnTe film (nm) 3T signal CNR (dB)
recording once | recordingtwice | recordingtentimes
2-01 0.0 294 39.0 53.5
5-01 0.5 32.2 411 53.2
5-02 1.0 32.0 43.0 53.4
5-03 1.5 39.5 49.2 53.3
3-04 2.0 53.5 53.4 53.4
5-04 25 53.4 53.2 53.2
5-05 3.0 53.2 53.4 53.5
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(continued)

Imn;c:jrirzrerl]tirc\)lr;.recording Thickness of SnTe film (nm) 3T signal CNR (dB)
recording once | recordingtwice | recordingtentimes
5-06 3.5 53.3 53.2 53.2
5-07 4.0 53.4 53.1 53.3
5-08 4.5 53.1 53.2 53.2
5-09 5.0 53.2 53.2 53.1
5-10 55 49.6 49.5 49.6
5-11 6.0 48.4 48.5 48.5
5-12 6.5 46.3 46.2 46.3
5-13 7.0 43.9 43.8 44.0

[0158] AsshowninTable 17, when the thickness of the crystal nucleus supplying layer was 2nm or more, a substantially
saturated CNR was obtained by recording once. When the thickness was 5.5nm or more, a saturated CNR was not
obtained at a recording power of 15mW. Similarly to the results of Example 17, when the crystal nucleus supplying layer
becomes thick, the recording sensitivity of the phase change layer is dropped. In the information recording medium of
Example 18, the thickness of the crystal nucleus supplying layer that achieved the as-depo recording and provided good
recording sensitivity was about 2nm to 5nm. Therefore, in the structures where the crystal nucleus supplying layer is
formed after the phase change layer, a preferable thickness of the crystal nucleus supplying layer is about 2nm to 5nm.

Example 19

[0159] In Example 19, an example of a reversibly phase changeable optical information recording medium 55 will be
described.

[0160] A ZnS-20mol%SiO, protective layer, a GeN interface layer 5nm thick, a SnTe crystal nucleus supplying layer
32, a GeSbTe phase change layer 10nm thick, a SnTe crystal nucleus supplying layer 35, a GeN interface layer 5nm
thick, a ZnS-20mol%SiO, second protective layer, and a reflection layer made of an Ag alloy were formed on a poly-
carbonate substrate having a guide groove successively in this order. After formation, the Ag alloy was coated with an
ultraviolet ray curable resin by spin-coating and attached to a dummy substrate. As-depo recording was performed while
changing the thickness of the crystal nucleus supplying layers 32 and 35 under the same conditions as in Example 17.
Table 18 shows the results of the evaluation.

Table 18

Information recording Thickness oftwo SnTefilms 3T signal CNR (dB)

medium No. (nm) (nm) recording once | recordingtwice | recordingtentimes
2-01 0.0 294 39.0 53.5
6-01 0.5 32.1 42.8 53.1
6-02 1.0 52.6 53.0 53.0
6-03 1.5 52.9 53.0 53.0
6-04 2.0 53.0 53.2 53.1
6-05 25 53.1 53.1 53.2
6-06 3.0 471 47.2 471
6-07 3.5 41.6 414 41.6

[0161] In the case where the phase change layer was interposed between the crystal nucleus supplying layers, as-
depo recording was possible at a thickness of each of the crystal nucleus supplying layers 32 and 35 of 1nm. When the
thickness of each of the layers was 3nm, recording sensitivity was insufficient. It is believed that when the crystal nucleus
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supplying layers are formed on both sides of the phase change layer, the effect on generation of nuclei is multiplied,
compared with the case where crystal nucleus supplying layer is provided only on one side of the phase change layer.
Therefore, in the case where crystal nucleus supplying layers are formed on both sides of the phase change layer, the
thickness of the crystal nucleus supplying layer can be half, more preferably from about 1nm to about 2nm.

Example 20

[0162] In Example 20, an example of an examination regarding to the relationship among the thickness of the crystal
nucleus supplying layer, the film-forming rate of the phase change layer and the state of the phase change layer after
the formation with respect to the information recording medium 53 will be described.

[0163] A ZnS-20mol%SiO, protective layer, a GeN interface layer 5nm thick, a SnTe crystal nucleus supplying layer,
a GeSbTe phase change layer 10nm thick, a GeN interface layer 5nm thick, a ZnS-20mol%SiO, protective layer, and
a reflection layer made of an Ag alloy were formed on a polycarbonate substrate having a guide groove successively in
this order. After formation, the Ag alloy was coated with an ultraviolet ray curable resin by spin-coating and attached to
a dummy substrate.

[0164] In the information recording media of the samples, the film-forming rate r (nm/min) of the phase change layer
is different from each other, ranging from 5nm/min to 60nm/min. The thickness d1 of the crystal nucleus supplying layer
is 2nm or 5nm. The information recording medium with d1 = 2nm was optically designed so that the reflectance Ra in
the amorphous region was about 28%, and the reflectance Rc in the crystalline region was about 10%. The information
recording medium with d1 = 5nm was optically designed to achieve that the reflectance Ra in the amorphous region
was about 30%, and the reflectance Rc in the crystalline region was about 12%. After attachment, a circular region in
a portion of the information recording medium was initialized so that a non-initialized as-depo amorphous region and an
initialized crystalline region were formed on the same plane, and the reflectance was measured in the two regions.
[0165] The reflectance in a mirror portion formed on the substrate was measured with a drive for evaluation on which
a laser having A = 660nm and NA = 0.6 was mounted while the focus servo mechanism was in operation at a linear
velocity of 8.2m/s. Table 19 shows the relationship between the film-forming rate and the reflectance.

Table 19
Information recording medium No. | d1 (nm) | r (nm/min) Reflectance (%)
non-initialized region | initialized region
7-01 2 5 12.3 10.4
7-02 2 10 16.4 10.5
7-03 2 20 28.2 10.6
2-05 2 30 28.4 10.5
7-04 2 40 28.4 10.5
7-05 2 50 28.3 10.6
7-06 2 60 28.4 10.4
7-07 5 5 12.6 12.6
7-08 5 10 125 12.6
7-09 5 20 13.6 12.7
7-10 5 30 18.4 12.5
7-11 5 40 235 12.5
7-12 5 50 29.6 12.6
7-13 5 60 30.7 12.7

[0166] Table 19 indicates that in the case of d1=2nm, the reflectance in the non-initialized region is about 28% atr =
20(nm/min), so that it is determined that the state after formation is amorphous. On the other hand, the reflectance is in
the 10% range at r < 20(nm/min), so that it is believed that at least a portion in the phase change layer is crystallized
during the formation.

[0167] In the case of d1=5nm, the reflectance in the non-initialized region is about 30% at r = 50(nm/min), so that it
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is determined that the state after formation is amorphous. On the other hand, at r < 50(nm/min), it is believed that at
least a portion in the phase change layer is crystallized during the formation. Thus, the state of the phase change layer
after formation can be determined by the film-forming rate of the phase change layer and the thickness of the crystal
nucleus supplying layer. In order to form the phase change layer in the amorphous state, it is preferable that the thicker
the crystal nucleus supplying layer is, the larger the film-forming rate of the phase change layer is.

Example 21

[0168] In Example 21, it is examined by using the information recording medium 53 whether or not stable servo
characteristics in a drive and good address reading properties can be obtained even with an information recording
medium with Rc = substantially 0%, as long as the as-depo recording can be performed thereon.

[0169] A ZnS-20mol%SiO, protective layer, a GeN interface layer 5nm thick, a SnTe crystal nucleus supplying layer
2nm thick, a GeSbTe phase change layer 10nm thick, a GeN interface layer 5nm thick, a ZnS-20mol%SiO, protective
layer, and a reflection layer made of an Ag alloy were formed on a polycarbonate substrate having a guide groove
successively in this order. After formation, the Ag alloy was coated with an ultraviolet ray curable resin by spin-coating
and attached to a dummy substrate.

[0170] Four types of information recording media that satisfy Ra> Rc, where Ra is the reflectance of the information
recording medium when the phase change layer is amorphous, and Rc is the reflectance when the phase change layer
is crystalline, were produced by determining precisely the thickness of the two protective layers.

[0171] An non- initialized as-depo amorphous region (Ra) and an initialized crystalline region (Rc) were formed on
the same plane by initializing a circular region in a portion of the information recording medium. Then, the stability in the
servo characteristics, the address reading properties and the CNR were evaluated. Table 20 shows the evaluation results.

Table 20

Information recording medium No. | Rc (%) | Ra (%) | Crystalline region As-depo amorphous region

address reading | addressreading | CNR(dB)
8-01 15.2 30.7 good good 52.8
8-02 10.6 25.9 good good 53.5
8-03 53 201 poor good 53.9
8-04 0.9 16.2 poor good 54.7

[0172] As shown in Table 20, in the case where the Rc of the information recording medium was 5.3%, it was difficult
to read addresses in the initialized crystalline region. In the case where the Rc was 0.9%, it was difficult to operate the
tracking servo mechanism in the initialized crystalline region.

[0173] On the other hand, the servo characteristics were stable and the address reading properties were good at Rc
> 10%. Thus, when the information recording medium that was optically designed to achieve Ra>Rc is initialized, the
lower limit of Rc is restricted. On the other hand, in the as-depo amorphous region that was not initialized after formation
of the film, the address reading properties were good regardless of Rc. Since the reflectance of the address portion is
kept at Ra if initialization is not performed, the lower limit is not restricted. Thus, when the phase change layer laminated
with the crystal nucleus supplying layer is used, as-depo recording is possible, and even if Rc is near 0%, the reflectance
of the address portion is Ra, which can be kept sufficiently large, so that the addresses on the information recording
medium can be read and the servo characteristics can be stable. Moreover, good CNR is obtained.

Example 22

[0174] An information recording medium is produced in the same manner as in Example 21, and the reflectance
thereof is measured with a laser A = 405nm.

[0175] A ZnS-20mol%SiO, protective layer, a GeN interface layer 5nm thick, a SnTe crystal nucleus supplying layer
2nm thick, a GeSbTe phase change layer 12nm thick, a GeN interface layer 5nm thick, a ZnS-20mol%SiO, protective
layer, and a reflection layer made of an Ag alloy were formed successively in this order to produce an information
recording medium 53. After formation, the Ag alloy was coated with an ultraviolet ray curable resin by spin-coating and
attached to a dummy substrate.

[0176] The complex refractive indexes of the protective layer, the interface layer, the crystal nucleus supplying layer,
the phase change layer, and the reflection layer with respect to a laser beam of A = 405nm were measured by ellipsometry,
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and the thickness of each layer was determined precisely so that the absolute value of AR (AR = Rc-Ra) is sufficiently
large. A 3T signal is recorded once on grooves in the as-depo amorphous region and the crystalline region, and the
CNR was measured.

[0177] Table 21 shows the results of the measurement.

Table 21

Information recording medium No. | Rc (%) | Ra (%) | Crystalline region As-depo amorphous region

address reading | addressreading | CNR(dB)
9-01 16.3 31.5 good good 48.9
9-02 11.4 26.1 good good 49.8
9-03 5.7 21.0 poor good 51.0
9-04 1.2 15.6 poor good 52.5

[0178] As-depo recording was possible even at a short wavelength of A = 405nm. When as-depo recording was
possible, the servo characteristics were stable and the address reading properties were good, even if the Rc was low.
Thus, when the phase change layer laminated with the crystal nucleus supplying layer is used, as-depo recording is
possible with a short wavelength laser beam and can be performed for high density recording.

Example 23

[0179] In Example 23, as-depo recording is performed on an information recording medium 53 comprising AginSbTe
as the phase change layer.

[0180] A ZnS-20mol%SiO, protective layer, a GeN interface layer 5nm thick, a SnTe crystal nucleus supplying layer,
an AgInSbTe phase change layer 10nm thick, a GeN interface layer 5nm thick, a ZnS-20mol%SiO, protective layer,
and a reflection layer made of an Ag alloy were formed on a polycarbonate substrate having a guide groove successively
in this order. The ZnS-20mol%SiO, layer was formed by RF-sputtering from ZnS-20mol%SiO, as the basic material in
an Ar gas atmosphere. The GeN layer was formed by RF-sputtering from Ge as the basic material in an Ar-N, mixed
gas atmosphere. The crystal nucleus supplying layer was formed by DC-sputtering from the basic material in an Ar gas
atmosphere. The AgInSbTe layer was formed by DC-sputtering from AgIinSbTe as the basic material in an Ar gas
atmosphere. The layer made of an Ag alloy was formed by DC-sputtering from the Ag alloy as the basic material in an
Ar gas atmosphere. After formation, the Ag alloy layer was coated with an ultraviolet ray curable resin by spin-coating
and attached to a dummy substrate. The information recording media of the samples include crystal nucleus supplying
layers with different thickness. The thicknesses ranged from Onm to 7nm by every 0.5nm. Furthermore, a 3T signal was
recorded in the as-depo amorphous state once, twice and 10 times. Table 22 shows the results.

Table 22
Information recording Thickness of SnTe film (nm) 3T signal CNR (dB)
medium No.
recording once | recordingtwice | recordingtentimes
11-01 0.0 26.8 35.8 53.0
11-02 0.5 32.2 41.1 53.0
11-03 1.0 32.0 43.0 52.9
11-04 1.5 39.5 49.2 53.0
11-05 2.0 52.5 53.0 53.1
11-06 25 52.8 52.9 53.0
11-07 3.0 53.0 53.1 53.0
11-08 3.5 53.0 53.0 53.0
11-09 4.0 52.9 53.0 53.1
11-10 4.5 51.8 52.1 52.0
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(continued)

Information recording Thickness of SnTe film (nm) 3T signal CNR (dB)
medium No.
recording once | recordingtwice | recordingtentimes
11-11 5.0 49.8 491 50.0
11-12 5.5 48.1 48.0 48.3
11-13 6.0 46.8 46.7 46.9
11-14 6.5 44.6 44.7 44.6
11-15 7.0 42.3 425 424

[0181] Asshownin Table 22, when the thickness of the crystal nucleus supplying layer was 2nm or more, a substantially
saturated CNR was obtained even by recording once. When the thickness was as small as 1.5nm or less, the amplitude
was small in recording once, and since the noise level was high in recording twice, the CNR was low. The noise level
became lower as recording was performed a larger number of times. Seven-times recording was required to obtain a
saturated CNR. When the thickness was 4.5nm or more, a saturated CNR was not obtained at a recording power of
15mW. The results indicate that the thicker the crystal nucleus supplying layer is, the lower the recording sensitivity of
the phase change layer is. The thickness of the crystal nucleus supplying layer that achieved the as-depo recording and
provided good recording sensitivity was about 2nm to 4nm. Also when AgInPbTe was used for the phase change layer,
as-depo recording was possible, and the effect of SnTe as the crystal nucleus supplying layer was confirmed.

[0182] Itis reported that AgInSbTe is a mixture of InSb and AgSbTe,, and therefore it is believed that since AgSbTe,
is of NaCl type structure, the generation of crystal nuclei is accelerated by SnTe.

Example 24

[0183] In Example 24, an information recording medium 53 comprising GeSbTe added with either of Ag, Sn, Cr, Pb,
Bi, Pd, Se, In, Ti, Zr, Au, Pt, Al or Mn as the phase change layer was produced.

[0184] A ZnS-20mol%SiO, protective layer, a GeN interface layer 5nm thick, a SnTe crystal nucleus supplying layer
2nm thick, a GeSbTe + M (where M is either of Ag, Sn, Cr, Pb, Bi, Pd, Se, In, Ti, Zr, Au, Pt, Al and Mn) phase change
layer 10nm thick, a GeN interface layer 5nm thick, a ZnS-20mol%SiO, protective layer, and a reflection layer made of
an Ag alloy were formed on a polycarbonate substrate having a guide groove successively in this order. After formation,
the Ag alloy was coated with an ultraviolet ray curable resin by spin-coating and attached to a dummy substrate.
[0185] Table 23 shows the results of recording in the as-depo state with respect to the above samples. In Table 23,
(ACNR(dB)) = (CNR (dB) at the 10th recording)) - (CNR (dB) at the first recording).

Table 23
Information recording medium No. | Added element | ACNR (dB)
12-01 Ag 0.5
12-02 Sn 0.0
12-03 Cr 0.8
12-04 Pb 0.1
12-05 Bi 0.5
12-06 Pd 0.3
12-07 Se 0.4
12-08 In 0.8
12-09 Ti 0.2
12-10 Zr 0.1
12-11 Au 0.3
12-12 Pt 0.1
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(continued)

Information recording medium No. | Added element | ACNR (dB)
12-13 Al 0.1
12-14 Mn 0.2

[0186] As shown in Table 23, a substantially saturated CNR was obtained even at the first recording, even if any of
the above elements was added to GeSbTe. Therefore, also when a material represented by a composition formula
GeSbTe + M is used as the phase change layer, as-depo recording is possible.

Example 25

[0187] In Example 25, as-depo recording was performed on information recording media 53 where the phase change
layers had different thickness.

[0188] A ZnS-20mol%SiO, protective layer, a GeN interface layer 5nm thick, a SnTe crystal nucleus supplying layer
2nm thick, a GeSbTe phase change layer, a GeN interface layer 5nm thick, a ZnS-20mol%SiO, protective layer, and a
reflection layer made of an Ag alloy were formed on a polycarbonate substrate having a guide groove successively in
this order. The thickness of the phase change layer was changed in the range from 2nm to 25nm. After formation, the
Ag alloy was coated with an ultraviolet ray curable resin by spin-coating and attached to a dummy substrate. After
attachment, a non-initialized as-depo amorphous region and an initialized crystalline region were formed on the same
plane by initializing a circular region in a portion of the information recording medium.

[0189] The conditions under which recording was performed and the conditions under which evaluation was performed
were the same as in Example 15. The CNR was measured by recording a 3T signal on a groove once in each of the
two regions. Table 24 shows the results of the measurement.

Table 24
Information recording medium Phase change layer thickness 3T signal CNR (dB)
No. (nm)
as-depo amorphous region | crystalline region
13-01 2 recording impossible not crystallized
13-02 3 46.0 46.8
13-03 5 52.4 52.6
13-04 7 53.3 53.2
13-05 9 53.1 53.2
13-06 11 53.4 53.3
13-07 15 53.0 53.1
13-08 20 49.8 50.6
13-09 25 43.5 44.7

[0190] As shown in Table 24, when the thickness of the phase change layer was 2nm, crystallization was not caused.
When the thickness of the phase change layer was 3nm or more, as-depo recording was possible. However, at 25nm,
the CNR was not saturated with a recording power of 15mW, and recording sensitivity was insufficient. For as-depo
recording, the range for practical use of the thickness of the phase change layer is from 3nm to 20nm, and a preferable
thickness is 5nm to 15nm.

Example 26

[0191] In Example 26, the effect of the crystal nucleus supplying layer on reliability of the recording characteristics
was examined with respect to the information recording medium 53.

[0192] A ZnS-20mol%SiO, protective layer, a GeN interface layer 5nm thick, a SnTe crystal nucleus supplying layer
2nm thick, a GeSbTe phase change layer 10nm, a GeN interface layer 5nm thick, a ZnS-20mol%SiO,, protective layer,
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and a reflection layer made of an Ag alloy were formed on a polycarbonate substrate having a guide groove successively
in this order. After formation, the Ag alloy was coated with an ultraviolet ray curable resin by spin-coating and attached
to a dummy substrate. The information recording medium of Example 26 was produced in such a manner that Ra > Rc
was achieved. Furthermore, the phase change layer was not initialized, and recording of a signal was started in the as-
depo amorphous state.

[0193] After the information recording medium of Example 26 was produced, the medium was allowed to stand in an
environment of 20%RH at 90°C for 24 hours, and the changes in the jitter value before and after the 24 hours exposure
to the environment were measured. The measurement was performed with respect to test 1, test 2 and test 3. In test 1,
as-depo recording was performed and the jitter value was measured before the 24 hours exposure to the environment,
and after the 24 hours exposure to the environment, the jitter value was measured. In test 2, as-depo recording was
performed and the jitter change was measured before the 24 hours exposure to the environment, and after the 24 hours
exposure to the environment, overwriting was performed and then the jitter value was measured. In test 3, recording
was not performed before the 24 hours exposure to the environment, and after the 24 hours exposure to the environment,
as-depo recording was performed and then the jitter value was measured.

[0194] The information recording media were evaluated with a laser having A = 660nm and NA = 0.6. The jitter values
of a 3T signal between grooves and on a groove were evaluated. The 3T signal was recorded once. The linear velocity
was 8.2m/s. Table 25 shows the difference in the jitter between grooves between before and after the 24 hours exposure,
and Table 26 shows the difference in the jitter on a groove. Herein, (the jitter difference) = (the jitter value after the
exposure) - (the jitter value before the exposure).

Table 25
Information recording medium No. | SnTe film thickness (nm) Jitter difference (%)
test1 | test2 | test3
14-01 2.0 0.0 1.0 0.3
Table 26

Information recording medium No. | SnTe film thickness (nm) Jitter difference (%)
test1 | test2 | test3
14-01 2.0 0.0 0.8 0.3

[0195] Asshownin Tables 25-26, the jitter differences in tests 1,2 and 3 were 2% or less in either of the cases between
grooves or on a groove. In the case recording was performed in the as-depo amorphous state, the reliability was
satisfactory. Thus, as-depo recording is possible and the reliability at overwriting can be ensured by laminating the crystal
nucleus supplying layer and the phase change layer (where a reversible phase change is caused).

[0196] As described above, although the present invention has been described by way of the preferred embodiments
of the invention, the present invention is not limited thereto, and can be applied to other embodiments based on the
technical idea of the present invention.

[0197] The method for manufacturing an information recording medium of the present invention allows the information
recording medium of the present invention to be produced easily.

[0198] The method for recording/reproducing information on an information recording medium allows information to
be recorded reliably and easily.

Claims

1. An information recording medium comprising a recording layer (5) formed on a substrate (1), the recording layer
(5) comprising:

a phase change layer (4) in which a reversible phase change is caused between a crystalline state and an
amorphous state by irradiation of a light beam; and

a crystallization-ability improving layer (3) for improving a crystallization ability of the phase change layer (4);
wherein the crystallization-ability improving layer (3) is formed before the phase change layer (4) is formed,
crystal nucleus generation and crystal growth are caused during formation of the phase change layer (4); and
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at least a portion of the phase change layer (4) is in a crystalline phase after the formation, and characterised
in that
the crystallization-ability improving layer (3) is formed of a telluride and a halogenide .

2. The information recording medium according to claim 1, wherein A < B is satisfied, where A is an energy for
crystallizing the phase change layer (4) in the case where the crystallization-ability improving layer (3) is formed,
and B is an energy for crystallizing the phase change layer (4) in the case where the crystallization-ability improving
layer (3) is not formed.

3. The information recording medium according to claim 1, wherein the telluride is at least one selected from the group
consisting of SnTe, PbTe, Te, Sb,Te;, Bi,Tes, GeTe-Sb,Te; eutectic compositions (hereinafter, referred to as
GeSbTe eutectic) and GeTe-Bi,Te; eutectic compositions (hereinafter, referred to as GeBiTe eutectic).

4. The information recording medium according to claim 1, wherein the halogenide is at least one selected from the
group consisting of ZnF,, AlF5, KF, CaF,, NaF, BaF,, MgF,, LaF3, and LiF.

5. The information recording medium according to claim 1 or 2, wherein the phase change layer (4) has a halite type
crystal structure.

6. The information recording medium according to claim 1, 2 or 5, wherein the phase change layer (4) comprises
GeSbTe.

7. The information recording medium according to claim 1, wherein a protective layer (6) and a reflection layer (7) are
further laminated above the recording layer (5).

8. The information recording medium according to claim 7, wherein a light-absorption layer (12) is formed between
the protective layer (6) and the reflection layer (7).

9. The information recording medium according to claims 1 to 8, wherein initialization of the recording layer (5) is not
required.

10. The information recording medium according to claims 1 to 9, which is a two layered information recording medium
formed by attachment,
wherein the substrate includes a first substrate and a second substrate, and the recording layer (5) according to
claim 1 is formed on both the substrates, and the attachment is performed in such a manner that the two substrates
are positioned on outermost sides.

11. The information recording medium according to claim 10, wherein the recording layer (5) according to claim 1 is
formed on the first substrate side.

12. A method for manufacturing an information recording medium according to claims 1 to 11, the method comprising
forming a recording layer on a substrate comprising forming a crystallization-ability improving layer (3), and then
forming a phase change layer (4),
wherein the phase change layer (4) is formed at a rate r (nm/min) in a range of 5=r=20.

13. The method for manufacturing an information recording medium according to claim 12, wherein the phase change
layer (4) is crystallized in a process of forming the phase change layer (4).

Patentanspriiche

1. Informationsaufzeichnungsmedium mit einer Aufzeichnungsschicht (5), die auf einem Substrat (1) gebildet ist, wobei

die Aufzeichnungsschicht (5) umfasst:

eine Phasenanderungsschicht (4), in der eine reversible Phasenanderung zwischen einem kristallinen Zustand
und einem amorphen Zustand durch Bestrahlung eines Lichtstrahls bewirkt ist, und

eine Kristallisierungsfahigkeitsverbesserungsschicht (3) zum Verbessern einer Kristallisierungsfahigkeit der
Phasenanderungsschicht (4),
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wobei die Kristallisierungsfahigkeitsverbesserungsschicht (3) gebildet ist, bevor die Phasendnderungsschicht
(4) gebildet ist,

eine Kristallkernerzeugung und ein Kristallwachstum wahrend Bildung der Phasenanderungsschicht (4) bewirkt
sind, und

zumindest ein Abschnitt der Phasenanderungsschicht (4) in einer kristallinen Phase nach der Bildung ist, und
dadurch gekennzeichnet, dass

die Kristallisierungsfahigkeitsverbesserungsschicht (3) aus einem Tellurid und einem Halogenid gebildet ist.

Informationsaufzeichnungsmedium nach Anspruch 1, bei dem A < B erfiillt ist, wobei A eine Energie fir eine Kri-
stallisierung der Phasenanderungsschicht (4) in dem Fall ist, in dem die Kristallisierungsfahigkeitsverbesserungs-
schicht (3) gebildet ist, und B eine Energie fir eine Kristallisierung der Phasenanderungsschicht (4) in dem Fall ist,
in dem die Kristallisierungsfahigkeitsverbesserungsschicht (3) nicht gebildet ist.

Informationsaufzeichnungsmedium nach Anspruch 1, bei dem das Tellurid zumindest ein aus der Gruppe Ausge-
wahltes ist, dieaus SnTe, PbTe, Te, Sb,Tes, BisTes, GeTe-Sb,Te, eutektischen Zusammensetzungen (nachfolgend
als GeSbTe Eutektikum) und GeTe-Bi, Te; eutektischen Zusammensetzungen (nachfolgend als GeBiTe Eutektikum
bezeichnet) besteht.

Informationsaufzeichnungsmedium nach Anspruch 1, bei dem das Halogenid zumindest ein aus der Gruppe Aus-
gewabhltes ist, die aus ZnF,, AlIF;, KF, CaF,, NaF, BaF,, MgF,, LaF; und LiF besteht.

Informationsaufzeichnungsmedium nach Anspruch 1 oder 2, bei dem die Phasenanderungsschicht (4) eine Kristall-
struktur des Halittyps hat.

Informationsaufzeichnungsmedium nach Anspruch 1, 2 oder 5, bei dem die Phasenanderungsschicht (4) GeSbTe
umfasst.

Informationsaufzeichnungsmedium nach Anspruch 1, bei dem eine Schutzschicht (6) und eine Reflexionsschicht
(7) weiterhin oberhalb der Aufzeichnungsschicht (5) geschichtet sind.

Informationsaufzeichnungsmedium nach Anspruch 7, bei dem eine Lichtabsorptionsschicht (12) zwischen der
Schutzschicht (6) und der Reflexionsschicht (7) gebildet ist.

Informationsaufzeichnungsmedium nach Anspriichen 1 bis 8, bei dem die Initalisierung der Aufzeichnungsschicht
(5) nicht erforderlich ist.

Informationsaufzeichnungsmedium nach Anspriichen 1 bis 9, das ein zweischichtiges Informationsaufzeichnungs-
medium ist, das durch Anfiigen gebildet ist,

wobei das Substrat ein erstes Substrat und ein zweites Substrat umfasst und die Aufzeichnungsschicht (5) nach
Anspruch 1 auf beiden Substraten gebildet ist, und das Anfligen auf eine solche Weise durchgefihrt ist, dass die
beiden Substrate an aullersten Seiten positioniert sind.

Informationsaufzeichnungsmedium nach Anspruch 10, bei dem die Aufzeichnungsschicht (5) nach Anspruch 1 auf
der Seite des ersten Substrats gebildet ist.

Verfahren zum Herstellen eines Informationsaufzeichnungsmediums nach Anspriichen 1 bis 11, wobei das Verfah-
ren den Schritt des Bildens einer Aufzeichnungsschicht auf einem Substrat mit dem Schritt des Bildens einer
Kristallisierungsfahigkeitsverbesserungsschicht (3) und dann den Schritt des Bildens einer Phasenanderungsschicht
(4) umfasst,

wobei die Phasendnderungsschicht (4) bei einer Rate r (nm/min) in einem Bereich von 5 <r < 20 gebildet wird.

Verfahren zum Herstellen eines Informationsaufzeichnungsmediums nach Anspruch 12, bei dem die Phasenande-
rungsschicht (4) in einem Prozess des Bildens der Phasenanderungsschicht (4) kristallisiert wird.

Revendications

1.

Milieu d’enregistrement d’information comprenant une couche d’enregistrement (5) formée sur un substrat (1), la
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couche d’enregistrement (5) comprenant :

une couche a changement de phase (4) dans laquelle un changement réversible de phase est causé entre un
état cristallin et un état amorphe par irradiation d’un faisceau lumineux ; et

une couche d’amélioration de la capacité de cristallisation (3) pour améliorer une capacité de cristallisation de
la couche a changement de phase (4) ;

dans laquelle la couche d’amélioration de la capacité de cristallisation (3) est formée avant que la couche a
changement de phase (4) ne soit formée,

la production de noyau cristallin et la croissance cristalline sont causées durant la formation de la couche a
changement de phase (4) ; et

au moins une partie de la couche a changement de phase (4) se trouve en une phase cristalline aprés la
formation, et caractérisé en ce que

la couche d’amélioration de la capacité de cristallisation (3) est formée d’un tellurure et d’'un halogénure.

Milieu d’enregistrement d’'information selon la revendication 1, dans lequel A < B est satisfait, ou A représente une
énergie de cristallisation de la couche a changement de phase (4) dans le cas ou la couche d’amélioration de la
capacité de cristallisation (3) est formée, et B est une énergie de cristallisation de la couche a changement de phase
(4) dans le cas ou la couche d’amélioration de la capacité de cristallisation (3) n’est pas formée.

Milieu d’enregistrement d’information selon la revendication 1, dans lequel le tellurure est au moins un élément
choisi parmiles groupes constitués de SnTe, PbTe, Te, Sb,Te,, BisTes, GeTe-Sb,Te,, des compositions eutectiques
de GeTe*Sb,Tej (ci-inclus aprés, désignées par eutectiques GeSbTe) et des compositions eutectiques GeTe*Bi, Tes
(ci-inclus aprées, désignées par eutectiques GeBiTe).

Milieu d’enregistrement d’information selon la revendication 1, dans lequel I’halogénure est au moins un élément
choisi parmi le groupe constitué de ZnF,, AlF;, KF, CaF,, NaF, BaF,, MgF,, LaFj, et LiF.

Milieu d’enregistrement d’information selon la revendication 1 ou 2, dans lequel la couche a changement de phase
(4) a une structure cristalline de type halite.

Milieu d’enregistrement d’information selon la revendication 1, 2 ou 5, dans lequel la couche a changement de
phase (4) comprend du GeSbTe.

Milieu d’enregistrement d’information selon la revendication 1, dans lequel une couche protectrice (6) et une couche
réflectrice (7) sont en outre stratifiées au-dessus de la couche d’enregistrement (5).

Milieu d’enregistrement d’information selon la revendication 7, dans lequel une couche d’absorption de lumiére (12)
est formée entre la couche protectrice (6) et la couche réflectrice (7).

Milieu d’enregistrement d’information selon les revendications 1 a 8, dans lequel l'initialisation de la couche d’en-
registrement (5) n’est pas requise.

Milieu d’enregistrement d’information selon les revendications 1 a 9, qui est un milieu d’enregistrement d’information
a deux couches formé par fixation,

dans lequel le substrat inclut un premier substrat et un second substrat, et la couche d’enregistrement (5) selon la
revendication 1 est formée sur les deux substrats, et la fixation est effectuée d’'une maniére telle que les deux
substrats sont positionnés sur les cotés les plus externes.

Milieu d’enregistrement d’information selon la revendication 10, dans lequel la couche d’enregistrement (5) selon
la revendication 1 est formée sur le cété du premier substrat.

Procédé de fabrication d’un milieu d’enregistrement d’information selon les revendications 1 a 11, le procédé com-
prenant la formation d’'une couche d’enregistrement sur un substrat comprenant la formation d’une couche d’ameé-
lioration de la capacité de cristallisation (3), et ensuite la formation d’une couche a changement de phase (4)

dans lequel la couche a changement de phase (4) est formée a une vitesse r (nm/min) dans une plage de 5 <5 < 20.

Procédé de fabrication d’'un milieu d’enregistrement d’'information selon la revendication 12, dans lequel la couche
a changement de phase (4) est cristallisée dans un procédé de formation de la couche a changement de phase (4).
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