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recording materials of such overwitable phase change optical di sk,
chal cogen alloys are mainly used which include In-Se alloys
TECHNICAL FIELD

The present invention relates to phase change optical information
10 recording mediums having a recording layer of changing phase between a
crystalline state and an amorphous state in accordance with the intensity
of an irradiation beam, and in particular, it relates to a method for
producing an optical information recording medium capable of making an
initialization process unnecessary.
15
BACKGROUND ART
Recently, optical information recording mediums have been
extensively studied and developed as means for recording, reading and
erasing an immense quantity of information. Especially, a so-called phase
20 change optical disk which records/erases information, using the fact that
the phase of the recording layer changes reversibly between a crystalline
state and an amorphous state, has the advantage that only by changing the
laser beam power, old information is erased while new information is being
recorded simultaneously (hereinafter referred to as “overwrite”). Thus,
25 such optical disk is regarded as being full of promise.
As the recording materials of such overwritable phase change

optical disk, chalcogen alloys are mainly used which include In-Se alloys



- 2- (see "Appl. Phys. Lett. Vol. 50, p. 667, 1987"), In-Sb-Te alloys
(see "Appl. Phys. Lett. Vol. 50, p.16, 1987"), and Ge-Te-Sb all oys
(see Japanese Pat ent Lai d- Open Publication Sho No. 62-53886), which
have a | ow nelting point and a high absorption efficiency for a | aser
beam 5 VWhen information is &@tually recorded/ erased on/from
such optical di sk of a chal cogen alloy, at |east one kind of
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moving along the guide grooves or from being deformed.

Optical disks having a three- or four-layered structure which
includes a recording layer of a chalcogen alloy, a dielectric layer provided

15 directly under and/or above the recording layer, a reflective layer which
also acts as a cooling layer (for example, Al-alloy) provided on an opposite
side of a transparent substrate from the recording layer, provided on the
substrate, are the mainstream of the phase change optical disks because
they are preferable in terms of the recording/erasing characteristics.

20 In general phase change optical disks, when the recording layer is
irradiated with a laser beam having a recording power to heat it up to its
melting point and is then rapidly cooled, the recording layer material is
produced amorphous to thereby form a recording mark. Then, when the
recording layer is irradiated with a laser beam having an erasing power to

25 be heated to more than the crystallizing temperature and then gradually
cooled, the recording layer material is crystallized to thereby erase the

recording mark.



cooled, the recording layer material is crystallized to thereby erase the
recordi ng mark. - 3-

Such phase change optical disks are each produced by sequentially

forming thin layers as the respective |layers on the substrate by
sputtering/evaporation. Since the recordsng | ayer present inmediately
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(cycle time), the time required for the initialization process is long
compared to the substrate molding step or the layer forming step. Thus,
in order to eliminate a time loss taken to pass to the initialization process
15 when the cycle time for the layer forming step is 8 seconds, the six or seven
very expensive initializing devices are required. As a result, by
performing the initialization process, the manufacturing cost of the optical
disks is increased.
In order to reduce the time required for the initialization process,
20 for example, Japanese Patent Laid-Open Publication Hei No. 5-342629
discloses providing an auxiliary layer of an easily crystallizable continuous
film or discontinuous island-like film adjacent to the recording layer. As
the components of the auxiliary layer, compounds are named which include
tellurium (Te), Selenium (Se) or Te — Se compounds.
25 However, according to this method, the time required for initializing
the recording layer is reduced, but the initialization process cannot be

eliminated as a rule, excluding the case where both of the auxiliary layer



tellurium(Te), Selenium (Se) or Te - Se conpounds. 25 However,
according to this nethod, the tine required for initializing t he
recording layer is reduced, but the initialization process cannot be
elimnated as a rule, excluding the case where both of the auxiliary |ayer

-4- and the recording |ayer are cefiprised of extrenely easily
crystal -grow ng subst ances. It is therefore an object
of the present |nventign to provide an, optic?l i nformati on recording
medli um whi A the Tesering layee aE spprisgd of extremely pagilsacrystel-grovpingcess.
DI SCLOSURE OF, THE | NVENTI ON The present invention provides a
met hod for PARWARESY; an opti cal i nformati on recordi ng medi um whi ch

has on one side of a bstrate a , 10 recording | ayer whose mai n, conponents
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antimony (Sb) and tellurium (Te) (hereinafter referred to as “Ge-Te-Sb
alloy”), comprising the steps of forming a crystallization assisted layer of
materials having a face-centered cubic lattice system crystal structure on
one side of the substrate, and forming a recording layer directly above the

15 crystallization assisted layer. According to this method, the recording
layer immediately after its formation is crystallized.

The Ge-Te-Sb alloys take two types of crystal phases: namely, a
face-centered cubic lattice system crystal structure and a hexagonal system
crystal structure. It is known that as the temperature of this alloy is

20 raised from its amorphous state, its phase changes from a face-centered
cubic lattice crystal structure to a hexagonal structure. In the present
invention, the recording layer is easily crystallized when its layer is formed
due to the presence of the crystallization assisted layer having the same
face-centered cubic lattice system crystal structure as the recording layer.

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

shape structures: CuAu-, CuPt-, Ni,Cr-, Cu;Au-, Ni,Mo-, Ag,Mg-, Ni,V-,



face-centered cubic lattice systemcrystal structure as the recording

| ayer. 25 The face-centered cubic lattice systemcrystal
structures include face-centered cubic lattices, and face-centered
tetragonal lattice; dianond- shape structures: CuAu-, CuPt-,
Ni[err]Cr-, Cu[err]Au-, Ni[err]M-, Ag[ebr]My-, N [err]V-,

-5- CuPd-, and Au3Mh-type superlattices; Nad -, NaTl-, ZnS-,
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Interval in a direction
forming a recording layer directly over the crystallization assisted layer.

According to this method, the recording layer becomes crystallized
immediately after its formation.

In the present invention, the absolute value of a lattice

15 unconformity between the crystal structure of the crystallization assisted

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

lattice unconformity is represented by:

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

20
A: When the recording layer is of a face-centered cubic
lattice system crystal, an atomic interval in a direction < 110 >
of the crystal;
B: A particular one of the atomic intervals of a crystallized
25 crystallization assisted layer such that the difference between A and

the particular atomic interval B is minimum among the differences

each between A and a respective one of the atomic intervals of the



of the crystal; B: A particular one of the atomic intervals

of a crystallized 25 crystallization assisted |ayer such that
the difference between A and the particular atomc interval B
i's mninmum anong the differences each between A and a
respective one of the atomc intervals e6-the

- 6- crystallized crystallization assisted |ayer. In the case
of t he f enter cubic lattice syste general ly the
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10 The range of lattice unconformity is preferably- 4.5 to + 8%, and
more preferably- 3 to + 7%.

Examples of materials each of which has a crystal structure of a
face-centered cubic lattice system where an absolute value of lattice
unconformity between the crystal structure of that material and that of the

15 recording layer is not more than 8% include PbTe and Bi,Te,.

Examples of tellurium-free materials each of which has a crystal
structure of a rhombohedral system where an absolute value of lattice
unconformity between the crystal structure of that material and that of the
recording layer is not more than 8% include antimony (Sb), bismuth (Bi),

20 antimony (Sb) compounds, and bismuth (Bi) compounds. The Sb
compounds include Sb alloys, and intermetallic compounds of Sb and other
metals or semimetals. The Bi compounds include Bi alloys, and
intermetallic compounds of Bi and other metals or semimetals.

In the present invention, the thickness of the crystallization

25 assisted layer is preferably not more than 200 A. If the thickness is larger
than 200 A, the record erasing characteristics would be deteriorated. The

thickness of the crystallization assisted layer is more preferably not more



conpounds include Sb alloys, and internmetallic conpounds of Sb and ot her
netals or semnetals. The Bi conpounds include Bi alloys, and
intermetal lic conpounds of Bi and other netals or sem netals.

In the present invention, the thickness of the crystallization 25
assisted layer is preferably not nore thdn 200 A If the thickness is

| ar ger than 200 A, the record erasing characteristics would be

deteriorated, The t hi ckness. of the crystallization assjsted |ayer is
more pref er 4bAR HR Ao Jf this layer is excessive{yy thin, the recording fayer can be
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materials which comprise bismuth (Bi) and/or a bismuth (Bi) compound is

used as the crystallization assisted layer, the CNR (Carrier to Noise-Ratio)
in the second or subsequent recording by overwriting is slightly lower than
15 that in the first recording.

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

20 recording.

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

When the crystallinity of the recording layer formed on the
crystallization assisted layer is insufficient, the recording layer is

25 preferably formed by setting the temperature of the substrate in a range of
from 45°C through a temperature inclusive above which temperature the

substrate would be deformed (at 110°C when the substrate is produced of



20 recording. The di scontinuous island-like filmis fornmed,

for exanple, by sputtering such that its thickness is not nore than a
pr edet er mi ned val ue. When the crystallinity of the recording

| ayer fornmed on the crystallization assisted |ayer is insufficient,
the recording layer is 25 preferably & nmed by setting the tenperature of
the substrate in a range of from45[err]C through a tenperature

i ncl usi ve aboye ich te rature the . substrat.e uld be defornmed (at
110[ err] C whelycareonatght r s, sthe Jegerdings layer is placed n R sk e).
Thus, the recording | ayer is placed in a stabilized crystalline
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immediately after the recording layer has been formed; and (4) starting to

form the recording layer immediately after the preceding layer has been

formed, using the heat produced by the formation of the preceding layer
15 and stored within the substrate.

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

20 plasma processing.

In the producing method of the present invention, the formation of
the crystallization assisted layer is preferably performed within a layer
forming atmosphere to which a nitrogen gas is added.

When the producing method of the present invention includes the

25 step of forming a first dielectric layer between the substrate and the
crystallization assisted layer and/or the step of forming a second dielectric

layer on an opposite side of the recording layer from the crystallization
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20

25

belng produced by the respective above-mentioned producing methods.

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

following expressions (1)-(3) simultaneously:

0.1 £xZ204 ...Q
008 <y . (2)
045 £ z £ 0.65... (3)

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

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

of the main components of the recording layer (Ge: Sb: Te =x: y: z where x +



20 0.45 [err] z [err] 0.65 ... (3) Wen x < 0.1
the optical information recording nmediumis not preferable in terns
of stability. When x > 0.4, y < 0.08, z <0.45 and z > 0. 65, these
conditions are unpreferable because the recording layer is 25 difficult
to crystalli ze. A preferablld-range of the ratio x, y and z of
the respective elenents of the main conponents of the recording |ayer
(Ce: Sh: Te =x: nﬂa

- 10- y 27 1) él) Satiste the follpwing axpressipng (96 mw&ﬁgewslsr( 6)

si mul t aneousl y: 0.15 [err] x [err] 0.3 ..

0.12 [err] vy ... (5) 5 0.5 [Jerr] z [err] 0 6 ... (6)
The material s of r cor% B%blay are preferably Ge-Te- Sb- Bi

al | oys containing i Ad Te and Sb. The materials may be
Ge-Te-Sb or GCe-Te- 3& al | oys, for exanple cont ai ni ng hydrogen, nitrogen,
10 oxygen, carboR ¥i, Fe, (5 i, Cu, Zn, &, Se, Sn, In, Ag, Pd, Rnh,

Ru, M, b, g R , Ir, Pt, Au, TI and/or Pb. Those
el enent s5rray be 0"& d%le% Pﬁomrﬁ@tar get during the formation of the
recordi ng | ayer or added In a gaseous state to the atnosphere gas so
as to be contained within the recordi ng Iayer 15 In the

recording Layer i 2 AP o5GRE fRAOHATE 19¥er aRf pretershly’ G RERRB, (T
ensi 11 vity eidph &@%ﬁ? ity %?2@‘% 5B e Saseripls mpy oo
sensi tivity @ange 3! BbIRISHIM AIYsCHrexdBHAR! fthining hydrogen, nitrogen,
10 oxygen, carbon, Al, Ti, Fe, Co, Ni, Cu, Zn, Ga, Se, Sn, In, Ag, Pd, Rh, Ru, Mo,
Nb, Hf, Zr, Ta, W, Re, Os, Ir, Pt, Au, Tl and/or Pb. Those elements may be
added from the target during the formation of the recording layer or added
in a gaseous state to the atmosphere gas so as to be contained within the
recording layer.
15 In the inventive optical information recording medium, the
thickness of the recording layer is preferably 50-1000 A. If it is less than
50 A, the recording layer could not obtain a satisfactory recording
sensitivity. When it exceeds 1000 A, a problem about the recording
sensitivity and resolution would occur, undesirably.
20 The inventive optical information recording medium preferably has
a 4-layered structure in which a crystallization assisted layer, a recording
layer, a dielectric layer and a reflective layer are formed on the substrate in
this order. More preferably, the inventive optical information recording
medium has a 5-layered structure in which a first dielectric layer, a
25  crystallization assisted layer, a recording layer, a second dielectric layer
and a reflective layer are formed on the substrate in this order. The

inventive optical information recording medium may further include other



20 The inventive optical information recordi ng nmedi um preferably

has a 4-layered structure in which a crystallization assisted |ayer,
a recording | ayer, a dielectric layer and a reflective |layer are
fornmed on the substrate in this order. Mire preferably, the inventive
optical information recording medilim has a 5-1layered structure in
which a first dielectric layer, a 25 crystallization assisted |ayer, a
recording layer, a second djelectric |ayer and a reflective |ayer are
formed on tﬁ@cewia&'%mi ‘i—‘ﬁf’g ‘der. The i nventive optical
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sputtering and ion plating.

A method of confirming the presence of the crystallization assisted
layer in the optical information recording medium will be described next.
The first method is to observe a cross section of the optical
15 information recording medium, with a transmission electron microscope.
The elements of the crystallization assisted layer can be specified with the
aid of an electron beam diffraction apparatus and an energy dispersion X-
ray analysis apparatus. When the crystallization assisted layer is island-
like or very thin, it is difficult to confirm its presence, using this method.
20 The second method includes slowly etching layers formed on the
substrate of the optical information recording medium, by sputtering, in a
direction perpendicular to the substrate surface while analyzing elements
present at respective positions in the layers formed on the substrate, using
a secondary ion mass spectrometry (SIMS) or Auger electron spectroscopy
25 (AES). This method is effective when the crystallization assisted layer is
island-like or very thin.
According to this method, as the recording layer is slowly etched



aid of an electron beamdiffraction apparatus and an energy di spersion X-
ray anal ysis apparatus. Wien the crystallization assisted |ayer is island-
like or very thin, it is difficult to confirmits presence, using this
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assisted layer, using the second method, will be explained as follows. First,

an adhesive tape is adhered to the UV set resin layer to thereby separate
the layered layer from the substrate. At this time, since the second

15 dielectric layer is generally separated from the recording layer, the
substrate on which the recording layer and the crystallization assisted
layer remain is put into the secondary ion mass spectrometry or Auger
electron spectroscopy to analyze the elements using by etching slowly from
the recording layer side.

20 In the case of an optical disk where the recording layer comprises
Ge, Te and Sb and where the crystallization assisted layer is in the form of
a discontinuous island-like film of Bi, the presence of Ge, Te and Sb is first
confirmed by analysis of the elements. As the layers on the substrate are
further etched, the presence of Bi is recognized. By further etching, the

25 quantity of Bi increases whereas the quantities of Ge, Te and Sb decrease
gradually. When the dielectric layer is reached, no presence of Ge, Te, Sb

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



15 dielectric layer is generally separated from the recording |ayer, the
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amorphous state due to the composition of the initializing device. Thus,

the innermost and outermost peripheries of the disk and its intermediate
portion are different in reflectivity, which will be visually recognized by
those skilled in the art. In comparative examples, in the optical disk
15 whose recording layer is crystallized immediately after its formation and
not subjected to the initialization process, there is no such difference in

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

BRIEF DESCRIPTION OF THE DRAWINGS
20 FIG. 1 is a cross-sectional view of a layer structure of an optical
information recording medium corresponding to one embodiment of the
present invention;
FIG.2 is a triangular graph indicative of a preferable range of a
ratio of the respective elements of Ge-Sb-Te as the main components of the
25  recording layer;
FIG. 3 is a graph of diffraction X-ray spectra obtained by X-ray

diffraction from X-ray diffraction samples A-C of a second embodiment;



portion are different in reflectivity, which will be visually recognized by
those skilled in the art. In conparative exanples, in the optical disk 15
whose recording layer is crystallized inmediately after its formation and
not subjected to the initialization process, there is no such difference in
reflectivity because the whol e surface df4-the recording |layer is
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t he mai n conponen of the 25 recording |ayer; FIG, 3 is a
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diffraction sanples A-G of a third enbodi nent. BEST MOOD FOR
CARRYI NG OQUT THE | NVENTI ON First Enbodinent: 10 Phase

change ont| GRlc AL HIRIURATTRG BISF THEASVERTEDN G 1 were
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10 Phase change optical disks each having a layer structure of FIG. 1
were produced as follows:
First, as each substrate 1, a polycarbonate substrate with a center
hole was prepared, having a diameter of 120 mm, a thickness of 0.6 mm,
and a helical guide groove of 0.74 4 m in width and 1.4 4 m in track pitch.
15 Then, formed on this substrate 1 were a first dielectric layer 2 of a
mixture of ZnS and SiO, (the content of Si0O, is 30 mole %) and having a
thickness of 2500 A, a crystallization assisted layer 3 produced of each of
materials shown in Table 1 and having a corresponding thickness also
shown in Table 1, a recording layer 4 of a Ge - Te - Sb alloy having a
20 thickness of 200 A, a second dielectric layer 5 of a mixture of ZnS and SiO,
(the content of SiO, is 30 mole %) having a thickness of 150 A, and a
reflective layer 6 of an Al - Ti alloy (the content of Ti is 1.1 atom %) having a
thickness of 800 A in this order. In a comparative example 1-1, no
crystallization assisted layer 3 was formed. A UV cured resin layer 7 was
25 formed on the reflective layer 6.
The formation of the first and second dielectric layers 2 and 5 was

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



First, as each substrate 1, a polycarbonate substrate wth a center
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sputtering, using an Al - Ti alloy (the contents of Ti was 1.1 atom %) as the

target. An argon gas was used as the atmosphere gas.
The formation of the UV cured resin layer 7 was performed by spin-
15 coating the reflective layer 6 with a UV curable resin, and then by
irradiating the resin with UV rays.

Table 1, attached hereto, shows the materials and thicknesses,
crystal structures, the values of B of the expression (a) (atomic intervals of
the crystals), and the values of lattice unconformity calculated from the

20 expression (a) of the crystallization assisted layers the respective examples
and comparative examples.

The value of A of the expression (a) is 4.325 A. When the crystal
structure has a hexagonal system, the value of B is one of the atomic
interval in the a-axial direction and the atomic interval in the c-axial

25 direction, which has the smaller one of the differences between A and these
atomic intervals. When the crystal structure has a body-centered cubic

lattice system, the value of B is one of the atomic interval in a <100>



10 21 atom % Te = 24 atom % and Sb = 55 atom % The

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

formati on of the UV cured resin |layer 7-1Mas perfornmed by spin- 15 coating
the reflective layer 6 with a UV curable resin, and then by
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obt ai ned, were
example was performed after recorded once and by overwriting, 100 times.

The measurement of the reflectivity and the recording characteristics was
performed with the aid of a laser of a wavelength of 640 nm with an
objective lens having a NA of 0.6.

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

20 grooves was also initialized so as to have the same state as the guide
grooves.

The measurement of the disk reflectivity was performed on guide
groove-free flat portions of each disk before and after its initialization.
The measurement of the disk reflectivity after its initialization was

25 performed after it was confirmed that the disk was sufficiently crystallized

in the initialization process such that the reflectivity was saturated.

The measurement of the C/N ratio of each disk was performed



nmeasured. Then, the reflectivity and recording characteristics (CNR and
erase ratio) of each exanple after its initialization were neasured. 10
The measurement of the CNR and erase ratio of the disk of each

exanpl e was performed after recorded once and by overwiting, 100 tines.
The neasurenent of the reflectivity and-1fhe recording characteristics was
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amount 9f aylgefgase in the carrier wave of a signal whose mark and
space lengths were 0.61[err]mafter a signal whose mark and space | engths

As will be seen from Table 2, the crystal structures of the materials
which compose the crystallization assisted layers of the examples 1-1 to 1-4
are of a face-centered cubic lattice system and the absolute value of the
lattice unconformity is not more than 8 %. Thus, satisfactory results were

15 obtained before the initialization; that is, the C/N ratio was 45 dB or more,
the erase ratio was 20 dB or more, and the reflectivity was 15 % or more.
The difference between before and after the initialization about the
reflectivity, C/N ratio and erase ratio was small. There was no large
difference between after recorded once and 100 times about C/N ratio and

20 erase ratio. Thus, the necessity for the initialization process can be
eliminated.

In comparative examples, the comparative examples 1-1 to 1-7
exhibited no results which satisfied all of the conditions, that is; 45 dB or
more of the C/N ratio, 20 dB or more of the erase ratio, and 15 % or more of

25  the reflectivity as the characteristics before the initialization, but exhibited
satisfactory results after the initialization. Thus, the initializing step

cannot be eliminated. The crystal structures of the materials which



were 0.61[err]mwas recorded once or overwitten 100 tines and further a
signal whose mark and space lengths were 2.85[err] mwas overwitten once.
The results of those neasurenents are together shown in Table 2 attached

10 hereto. As will be seen from Table 2, the crystal
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materia]]s of the crystallization

Second Embodiment:
Example 2-1:
A phase change optical disk having the same layer structure as the
15 FIG. 1 one was produced as follows.
First, a first dielectric layer 2 having a thickness of about 1400 A
was formed on a polycarbonate substrate 1 having a diameter of 90 mm and
a thickness of 0.6 mm with a guide groove for a laser beam by RF sputtering
with the aid of a target of ZnS — Si0,. A Sb layer having a thickness of 50
20 A was then formed as the crystallization assisted layer 3 on the first
dielectric layer 2 by sputtering with the aid of a target of Sb.
A recording layer 4 having a thickness of 200 A of Ge,Te,Sb, was
formed on the crystallization assisted layer 3 by sputtering with the aid of a
target of a Ge - Te - Sb alloy. A second dielectric layer 5 having a thickness
25 of 200 A was then formed on the recording layer 4 by sputtering with the
aid of a target of ZnS - Si0,. Areflective layer 6 having a thickness of 1500

A was then formed on the second dielectric layer 5 by sputtering with the



5 assisted | ayer which contains Te and Se. Preferably, Se should not be
used because it has toxicity and is required to handle with care when
t he target is produced or the layer is forned. Thus, the conposition
of the conparative exanples 1-4 is not preferable because the
necessity for the initialization pi@cess cannot be elimnated as well
as the producing step is 10 conpli cated. Second Enbodi nent:

Exanpl e 2-1: se C e optical disk having the sane
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then forned on the recording |layer 4 by sputtering with the aid of a
target of ZnS - SiJerr]. Areflective |layer 6 having a thickness of 1500

A was then formedon.th s‘acgnd d'hellzsgtrlc layer 5 by sputtering with the
-19- aid og%{’%%@' | loy. A UV curable resin was then

spi n-coated on e be,cured to there forma
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change gt Gaht difKwHil® (RL' 8xdmple 2-1 was produced, excluding that no

crystallization assisted layer 3 was formed.

Example 2-2:
A phase change optical disk having the same layer structure as the
15 FIG. 1 one was produced as follows:

A first dielectric layer 2 having a thickness of about 1400 A was
formed on a substrate 1 similar to that of the example 2-1 in a manner
similar to that in which the example 2-1 was produced. A Sb layer having
a thickness of 65 A was then formed as the crystallization assisted layer 3

20 on the first dielectric layer 2 in a manner similar to that in which the
example 2-1 was produced. Then, the crystallization assisted layer 3 was
irradiated with light (for five minutes at a power of 500 W) from a halogen
lamp to further crystallize the crystallization assisted layer 3.

A recording layer 4 of Ge, Te,,Sb,, having a thickness 225 A was

25 then formed on the crystallization assisted layer 3 by sputtering with the
aid of a target of a Ge - Te - Sb alloy. A second dielectric layer 5 of ZnS -
SiO, having a thickness of 200 A, and a reflective layer 6 of an Al alloy



y, and z of the respective quantities of the conponent elenents Ge, Sb and
5 Te(Ge: Sh: Te=x:y: zwher ex+y+z=1)was 0. 22:0. 22: 0. 56, whi ch satisfied

t he expressions (1)-(3) sinmultaneously. Conpar ati ve Exanpl e
2-1: A phase change optical di sk was produced in a nmanner
simlar to 10 that in which the exanpl €®-1 was produced, excluding that
no crystallization assisted |ayer 3 was forned.
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- 20- h ness o n sequentially fornmed by
sputtering on the recording layer 4 in a manner simlar to that in
whi ch t he exanpl e

10 Example 2-3:

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

A first dielectric layer 2 having a thickness of about 1400 A was
formed on a substrate 1 similar to that of the example 2-1 in a manner

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

20 crystallization assisted layer 3.

A recording layer 4 of Ge,;Te,,Sh,; having a thickness of 225 A was
then formed on the crystallization assisted layer 3 by sputtering with the
aid of a target of a Ge - Te - Sb alloy. A second dielectric layer 5 of ZnS -
SiO, having a thickness of 200 A, and a reflective layer 6 of an Al alloy

25 having a thickness of 1500 A were then sequentially formed by sputtering
on the recording layer 4 in a manner similar to that in which the example

2-1 was produced. A UV cured resin layer 7 was then formed and set on



2-1 was produced. A WV cured resin layer 7 was then forned and set on

the reflective layer 6 as in the exanple 2-1. 5 In the recording
| ayer ‘4 of -t he phase change optical disk, the ratio x, y, and z of
the respective quantities of the conponent elenents Ge, Sb, and Te
was Ge: Sb Te = x: y: z = 0.31: 0.21 :0.-2Y- where x +y +z =1, and
satisfied the expressions (1)-(3) sinult?ngouilﬁ. . 10th I Exanpl e
2-3: ase change, optica IS avi ng e sane | ayer
structure asth(etf&ﬂe"é"gqﬂ%é;fséﬂéhMEFaHﬂ%%I@c]ed as foll ows: A

first dielectric | r 2 haying a thigkness of about 1400 A was )
formed on a subst rlg%g‘elreé’f’ ng aY‘Ei"‘f‘ﬁgF %Ph??ﬂac@w}él@lﬂ}ﬁka theratiosr, 15
simlar to that Jjn ich the .exanple 2-1 s produced. _A Bi |ayer _ having

a thi ckness bAM A e respentiye ayagtitiesofd W&I&:einf&hlﬁgn%ﬁfsgpsde an;dye][ 3
[ | el I | 2 Db t ' ] t aid of atarget o
g TR o TV pdor 2 R 0% ) b wheeex ¥ okt bomodc

light (fer fjye m nutes a ower.of 50Q W froma halogen lanp to
fu?t her gr ysétagﬁﬁleflethter%‘pr%smﬁ @?@F pigultaggo ¥isted |ayer 3.

A recording layer 4 of Ge[err]Te[err]Sb[err] having a thickness of 225 A
was then forned on the crystallization assisted |ayer 3 by sputtering

with the ai 9 target of a Ge - Te - Sb alloy. A second dielectric
| ayer 5 of ZnS - iE‘—émﬁlﬁ'%‘éerr] havi ng a thickness of 200 A]L an(c)ioaA
reflective |ayer I 2 avi.n t hi ckness 5 re
t hen sequenti al | y%gilﬁeeﬁc%ngépﬁﬁﬁg?li %Skmjwngéﬁetsﬁgmrl@ﬂ 8? dﬁ"éﬁ/g? t¥w a
manner sim| t ' ' .exanpl e -1 was produced.
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cured resin orned and set on

-21- 10 the ref lgpgt idi'(ﬁei:ﬁ'i'cefay%raf h'anSé"% %%ﬂ&lzses c2>f :%Iibout 1400 A was

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

15 A recording layer 4 of Ge,,Te,;Sb,, having a thickness of 225 A was
then formed on the crystallization assisted layer 3 by sputtering with the
aid of a target of a Ge - Te - Sb alloy. A second dielectric layer 5 of Zn$S -
Si0, having a thickness of 200 A, and a reflective layer 6 of an Al alloy
having a thickness of 1500 A were then sequentially formed by sputtering

20  on the recording layer 4 in a manner similar to that in which the example
2-1 was produced. A UV cured resin layer 7 was then formed and set on
the reflective layer 6 as in the example 2-1.

In the recording layer 4 of the phase change optical disk, the ratio x,
¥, and z of the respective quantities of the component elements Ge, Sb, and

25 TewasGe:Sb:Te=x:y:z=0.17:0.28:0.55wherex+y+z=1, and

satisfied the expressions (1)-(8) simultaneously.



In the recording |ayer 4 of the phase change optical disk, the ratio x,
y, and z of the respective quantities of the conponent elenents Ge, Sb, and
Te was Ge: Sh: Te = x: y: z =0.23: 0.23: 0.54 where x +y +z =1, and
5 satisfied the expressions (1)-(3) sinultaneously. _
Exanpl e 2-4: A phase changg- opti cal di sk having the sane
| ayer structure as the FIG 1 was produced as follows: 10
A first dielectric_layer 2 having a thickness of about 1400 A was
formed on a substfﬁl‘%&lﬁ%&ﬁ:l ar to that of the exarrplje 2-1 iln a rraﬂne_r
simlar to that in i ch the exanple 2-1 was produced. A Bi |ayer having
a thickness of 50 é\\g?&ééelchéﬁg? SPHW’BEI disk; havipg the same layesstoactuze ed thayer 3
on the firstFﬂ:i}e ectrigc |la er(f by sputterinﬂ with the aid of a target of
a
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Example 2-6:
A phase change optical disk having the same layer structure as the
FIG. 1 was all produced in a manner similar to that in which the example
2-1 was produced, excluding that the thickness of the first dielectric layer 2

15 of ZnS - Si0, was 1200 A; that the thickness of the crystallization assisted
layer 3 of Sb layer was 100 A; that the thickness of the recording layer 4 of a
Ge,Te;Sb, alloy was 2504; that the thickness of the second dielectric layer 5
of ZnS - Si0, was 150 A; and that the thickness of the reflective layer 6 of
an Al alloy was 500 A.

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

An X-ray diffraction sample B was also produced in a manner

25 similar to that in which the sample A was produced, excluding that the

thickness of a Sb layer as the crystallization assisted layer 3 having a

thickness of 180 A was formed on the smooth glass substrate and that no



Exanpl e 2-5: A phase change optical disk having the sane

| ayer structure as the FIG 1 was all produced in a nmanner simlar
to that in which the exanple 2-4 was produced, excluding formation
of a layer of Ge[err]Te[err]Sb[err] having a 5 thickness of 225 A as the
recording | ayer 4. In the-2®cording | ayer 4 of the phase
change optical disk, the ratio x, y, and z of the respective
guantities (if t he conponent el enents Geg, Sb, and . Te was CGe: Sb : Te
= x: y: z ='BYSE C@rwonﬁaa tanthe: recording: layer 4, reflertive layersGiand {BY t he
expressions (1) -(3%, Zli mul t aneously. . 10 Exanpl e 2-6:

A phase charﬂé}‘é‘eéﬁf’ dayer {wersfprgedne same | ayer structure as the

FIG 1 was all produced in a manner simlar to that in which the exanple
2-1 was produced, excluding that the thickness of the first dielectric
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the last-mentioned disk.

Example 2-7:
A phase change optical disk having the same layer structure as the
15 FIG. 1 was all produced in a manner similar to that in which the example
2-4 was produced, excluding formation of a layer of Ge,Te,,Sb, having a
thickness of 225 A as the recording layer 4.
In the recording layer 4 of the phase change optical disk, the ratio x,
¥, and z of the respective quantities of the component elements Ge, Sb, and
20 TewasGe:Sb:Te=x:y:z=0.43 (= 43/99) : 0.04 (= 4/99) : 0.53 (= 52/99)
where x +y + z=1. The value of x was larger than an upper limit of the
range of the expression (1) and the value of y was smaller than a lower limit

of the range of the expression (2).

25 Example 2-8:
A phase change optical disk having the same layer structure as the

FIG. 1 was all produced in a manner similar to that in which the example



- 23- | ayers corresponding to the recording |ayer 4, reflective |ayer

6 and W cured resin layer 7 were forned.

Conpar ati ve Exanpl e 2-2: 5 A phase change optical disk was
produced in a manner simlar to that in which the exanple 2-6 was
produced, excluding that no | ayer -240rresponding to the
crystallization assisted |ayer 3 was forned. An X-ray

diffraction | e C was ,produged i ch, conprises espective | ayers
fornmed on aé%%pb‘?‘ﬁ@?ds%‘g}‘ﬁﬁ% Qrmation of adayer ef p&y@feso o haapgp

exactly the sane in ure as a gorrespondi ng one of the |ayers of
t he Iagt- mﬁ?’fﬁ@ﬁsﬂféég% as the recorg.mg ﬁ"ypER le 2-7: A phase

h tical disk having the.,sane | ayer structure as. the, .15 FIG, 1 was
gl ?ngsoggced in aiﬂé fi&pC |dﬁ?$§:y‘iro4? H}f?qgfj%&‘i‘g?_tlﬁ_’é’%’é’ﬁga’éﬂ)‘tethe rat;°2§4 was
duced, excludin ormation of a J.ayer err rr rr aving a
!to Lioclliness ony’ 33 ZA&aé‘etrﬁép?‘ét&Yﬁ ﬂ}lﬁlﬁilgiﬁﬁgﬂé‘? compon n?LﬁamAn%sr{? , b’r%'é‘i)r]gi ng
I 4 pf e_phase, gharge_optical_ disk, e i o X, . ang.z o
tﬁge:esp ctﬁ%ewgﬁgisﬁigtgézl%o'f ﬁ'%'&o?nﬁ&%éﬂ?'%gl 'eérght“%?g,x§gf ;g%a laggrheslg')e was
G : Sb: Te . XieVe Z = 0443 ..(= 43/99),.. .0.Q4 (= . 0. =
where x + y Ve o { walh smalideutan & fowad imiP o8 thd Faec ot thsirbieraieh @) 1 he
range of the expression (1) and the value of y was smaller than a | ower
limt of the range of the expression (2). 25 Exanpl e 2-8:

A phase change op%ﬁ%@;%ﬁ. havi ng the sane | ayer structure as the

FIG 1 was all pr a manner simlar to that in which the exanple

A phase change optical disk having the same layer structure as the

10  FIG. 1 was all produced in a manner similar to that in which the example

2-4 was produced, excluding formation of a layer of Ge,;Te;,Sb,having a
thickness of 225 A as the recording layer 4.

In the recording layer 4 of the phase change optical disk, the ratio x,

y, and z of the respective quantities of the component elements Ge, Sb, and

15 TewasGe:Sb:Te=x:y:2=0.25:0.43:0.32wherex+y+z=1. The

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

Example 2-10:
A phase change optical disk having the same layer structure as the
20 FIG. 1 was all produced in a manner similar to that in which the example
2-4 was produced, excluding formation of a layer of Ge,,Te,,Sb,;having a
thickness of 225 A as the recording layer 4.
In the recording layer 4 of the phase change optical disk, the ratio x,
¥, and z of the respective quantities of the component elements Ge, Sbh, and
26 TewasGe:Sb:Te=x:y:z2=0.20:0.13:0.67 wherex+y+z=1. The

value of z is larger than an upper limit of the range of the expression (3).



- 24- 2-4 was produced, excluding formation of a |layer of

Ce[err]Te[err] Sb[err] having a thi ckness of 225 A as the recording

| ayer 4. In the recording |ayer 4 of the phase change opti cal
di sk, the ratio x, y, and z of the respective quantities of the
conponent el enents Ge, Sb, and 5 -25-

TewasGe: Sb: Te=x:y: z=0. 25: 0. 35: 0. 40wher ex+y+z=1. The val ue of z was
smal | er than |l ower lipmt of the range of the expression (3).

Exanpl e 2- QA&V—"*HIWEE&QQ@—B#MM% optical disk having the sane

| ayer structu .10, ) s all produced in a manner simlar to
that in whi cR—3 2 S819Legt IaYerhr oduced, excl udi ng formationhof a
| ayer of Ge[err T rr berf halng t hi ckness 225 A as the
re>c/or ding | gyer] 4. r]eﬁ Lt“’ltl' ang recpeding. sharacgeriaiies &Nﬁ (Grrrigrade

cnanc t 1o ok Ratink b hise wabio of cagh 0&RS gaficah isks afqhb examples 2-
= :0.43:0.3 + Z. Was
ol et Phat éo?%—ﬁé and pqmpy e%eepéaé@sq 2 h ol 2 2s hon ined, "Were

Ex |l e 2-10Q: a ange tical disk having t
I a;l(ranr) st r uctipasuzed; pefors it é%“iasﬁﬁ?st p;'rolg‘?i’hc‘gﬁr‘? n Onﬁ’fﬁ%}‘rg‘rnﬁ‘ﬁg&' to

that in whi xarrpl e 2-4 was produced excluding formation of a
| ayer of Ge%'n‘}ttl%!%é é%]Sb[err] haV| ng a t hi ckness of 225 A as the

Change opti car i be pitialiptign yas Pef%rl’g}ee‘i B4 r%%atta ifif 4h abrectivogloks
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larger ghan msupﬂﬁfldliﬁd bneHuthdrbdBYERK. ERGASRLES TH medbarement of

the recording characteristics was performed as follows. First, a laser
beam having a wavelength of 680 nm was modulated for each sample
between an optimal peak power and an optimal bias power. Each optical
disk sample which was rotating at 1800 rpm was irradiated with the

15 modulated laser beam to perform initial recording with a first recording
signal and the CNR was then measured. Next, the initial recording signal
on the sample was overwritten by a recording signal different from the first
recording signal , and an erase ratio of the initial recording signal was then
measured.

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

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

reflectivity of the initial records on each disk before the initialization was



- 25- Advant ageous Effects Produced by the Crystallization

Assi sted | ayer: The reflectivity and recording .
characteristics (CNR (Carrier to Noi se Ratio) and erase ratio) of
each of the optical disks of the exanples 2- 5 1to 2-10 and
conparative exanples 2-1 and 2-2, thus o@8-ai ned, were nmeasured before
its initialization. They were also neasured after initialization.
The initializatiaqgn s perfor y irradiating the respective disks

with a l aserexﬁezﬁwﬂ\gﬁpwgawé@a@ Angrergse ratip coyldpot heonmasuresly k10 )
Eraser LK101A" nanufa red by K hi basoku, The neasurenment of t he
recordi ng char act ¢M ‘ﬁlﬁggm 5‘@@%& differenes batween befoneand after

T L O S R d e lsS P EA) o e
Gk SoT! © Sl M SLSLLRG, 1y RODO, L e L
O o o2 o b gkl SR A
SN R R e NN LD S
AN S WEN WG S e s
especti el dolod 1y BRSO i hgh@ ok el "
[ esuenct o ey S ek hnbkny! B Rhtln 22 and 2 BG BEELLAS
hereto. 1Hn tResta MR tfoh Absiubi FEAIP WS gfy%t:hﬁzgd 5ot Ehe recording layer

was formed, there is little difference between before and after the

initialization about the reflectivity, CNR and erase ratio. Thus, it will be

seen that the necessity for initialization process will be eliminated. In the

samples of the examples 2-1 to 2-3, the especially preferable results that

15 the CNR and the erase ratio were 53 and 25 dB or more, respectively, were

obtained.

By comparison of the examples 2-3 to 2-5 and 2-7 to 2-10 which each
comprise the Bi layer having the same thickness of 50 A as the
crystallization assisted layer but which are different in the composition of

20  the recording layer, it will be seen that since the ratio x : y : z indicative of
the composition of the recording layer of each of the samples of the
examples 2-7 to 2-10 does not satisfy the expressions (1)-(3) simultaneously,
the recording layer is difficult to crystallize and that the reflectivity before
the initialization is very low compared to the examples 2-3 to 2-5.

25

f X- Di

The orientations of crystals of the crystallization assisted layers



reflectivity of the initial records on each disk before the initialization
-26-

was

excessively low and the CNR and erase ratio could not be neasured.

As wi |l be seen from Table 3, the difference between before and after

the initialization about the reflectivitg7- CNR and erase ratio of each of

t he sanples of the exanples 2-1 to 2-6 is snmall conpared to the

sanples of th 5 gonparative exanples 2-1 and 2-2 which _include no
cr ;TE tallizat ?% rgg%ngpgdayers of thgyXrray| diffgactionesamplesi A-€apmodiicadhas

sanples of the e S 2-1 to 2-6 that its recording | ayer has been
cr ;n;t allize Wr{iﬁgp ragl"&?’ed” Quey xgmuingd; jipthe X-ray, (diffraetion agpparatust hat

its recordin bee % It will be seen
that especi a‘g@"?’?‘&l‘ﬁ"e‘{ EXM(—;{{%- gazepkv%éraé tbﬁélghj_;@our@qr .yst aI I i zati on
assisted | ayer wa recording | aye

[ 1 bef
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to the exanples 2-
performed.

FIG. 3 is a chart of diffraction X-ray spectra where a vertical axis
represents a diffraction intensity (I) and a horizontal axis a doubled value

15  of a diffraction angle O obtained from the respective samples A-C.

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

20 sample C) was again subjected to X-ray diffraction to obtain its spectra
shown in FIG. 3.

It will be seen from this chart that the sample A (having its
crystallization assisted layer provided immediately under the recording
layer) exhibits peaks in (111), (222) and (003) at angles of 26 = 25.7, 52.9

25 and 23.7 degrees, respectively. It will be also seen that the sample B
(including only the first dielectric layer and crystallization assisted layer)
exhibits peaks in (003) and (006) at angles of 26 = 23.7 and 48.5 degrees,



25 Results of X-Ray Diffraction: The orientations of
crystals of the crystallization assisted |ayers

-27- and recording layers of the X-ray diffraction sanples A-C,
produced as descri bed above, were exanmined in the X-ray diffraction
appar at us manuf actured by K K R-g&ku with a CuK a 1 as the |ight
sour ce. Since the crystal structure of the crystal phase of

t he phase change ti | sk's recording |ayer - Sb - Te type)
had g NaCl 8&%\' fﬁewﬁﬂe% $egn that the spmple ﬂeamg@mcﬂg thayer

was ﬂééﬁ”ainﬁa{ég%ﬁs}éﬁﬁ Asdbp ”gn%éle.AstWudlﬁé‘%haiﬁé&‘ﬁwiéﬂﬁ%?&é’éyEL al
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subj ected t fractlo fr. i on eaks wer e observed
andJ t hat |tga$'<%1[§ytc¥l sg‘“f‘B?f was crys Jﬁﬁﬁd@s 0.t hi s sarrpl e was
heated in an oven at re of ut es

Then, the resulti r;%ﬁsgm ntaflﬁéwnp% alsfgwl ﬁﬁ% @tlgﬁattl‘bnxiray
diffraction t c

will be seenz{ g}sg?r‘l&?fﬁl ei’ élfﬁ)%t é‘mgﬂngfe c,ka(ﬁa i ple B. More

10 particularly, it w1]1 be known that powder Sb has high peak intensities in
(012) and (104) whereas the Sb atoms of the Sb film formed on the first
dielectric layer are oriented in (003) and (006) planes.

By comparing the samples A and C, it will be known that the
orientations of their crystals differ depending on whether they include a

15  crystallization assisted layer even when they have recording layers of the
same composition and thickness. In this particular example, the presence
of the crystallization assisted layer causes peaks in the (200) and (220) to

disappear.

20 ir iment:
Example 3-1:
A phase change optical disk having the same layer structure as the
FIG. 1 was produced as follows.
First, a first dielectric layer 2 having a thickness of about 100 nm
25 was formed on a polycarbonate substrate 1 having a diameter of 90 mm and
a thickness of 0.6 mm with a guide groove for a laser beam by RF sputtering

with the aid of a target of ZnS — Si0,. A Bi film having a thickness of 3 nm



crystallization assisted |ayer provided i medi ately under the recording

| ayer) exhibits peaks in (111), (222) and (003) at angles of 2[err] = 25.7,
52.9 25 and 23.7 degrees, respectively. It will be also seen that the
sanple B (including only the first dielectric |ayer and
crystallization assisted | ayer) ex20-bits peaks in (003) and (006) at
angles of 2 [err] = 23.7 and 48.5 degrees,
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di sappegy. théfl spih!cdatd8dl! tHeWeflective layer 6 to bESRIRb eth%iélﬁy form a UV
cured resin layer 7.
The recording characteristics of the optical disk, thus obtained,
were measured without initialization as follows: First, a laser beam having
a wavelength of 680 nm was modulated between a peak power of 12 mW
15 and a bias power of 5 mW. The sample of the optical disk was rotated at a
linear velocity of 6 m/s while being irradiated with the modulated laser
beam to perform its initial recording and its CNR was measured. The
recording frequency was 5 MHz and the read power was 1 mW. The CNRs
of records on the optical disks were measured after the two, three and four
20 overwriting or recording operations.
The CNRs measured after the one, two, three and four overwriting
or recording operations were 49.7, 48.8, 48.7 and 48.3 dB, respectively. It
will be seen that the CNR decreased by 0.9 dB after the two recording
operations.
25 The state of the sample present after the formation of its
crystallization assisted layer 3 and before the formation of its recording

layer 4 was observed with the aid of a high resolution SEM (UHRSEM



A phase change optical disk having the sanme |ayer structure as the

FIG 1 was produced as foll ows. First, a first dielectric

| ayer 2 having a thickness of about 100 nm 25 was fornmed on a _

pol ycarbonate substrate 1 having a diameter of 90 nm and ~a thickness
of 0.6 Mmw th a guide groove for a | aseBO0beam by RF sputtering W th

the aid of a target of ZnS - SiJerr]. A B filmhaving adtlhi ckness of ﬁ nm
- 29- was. then f ystal li i on.assisted | ayer 3 on the
first diel ec‘f’ﬁi‘“&‘ was %ﬁggﬁzt@)@@mﬁmﬁé%ﬁw apeisakughe)aageanof

Bi . A recording | r 4 of Ge[etr] Te[err] Sh[err] having a
tlhi ckness of2csgleration Vﬂ{%ﬁfﬁﬁd %rP%ﬂq%g‘[@P;s‘lféFé ?‘itiﬂ‘ﬁt’fYﬁ eledran amagayer 3

by sputteri ith th aid of atarget of a Ge - Te -Sb alloy. A
sgcond di el glgts\‘ﬂmog'qg&/g[(%ihavi ng a t hi ckness of 12 nmwas then formed
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follows: First, a | aser beam
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initial recording an asure frequency
was 5 Mflg and the read power was 1 mW The CNRs of records on the
optical disks were neasured after the two, three and four

Example 3-2:

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

15 was formed as the crystallization assisted layer 3.

The recording characteristics of the optical disk, thus obtained,
were measured without initialization as in the example 3-1. The CNRs
measured after the one, two, three and four overwriting or recording
operations were 51.7, 52.1, 51.8 and 52.0 dB, respectively. It will be seen

20  that no decrease occurred in the CNR after the two recording operations or
more.

The state of the sample present after the formation of its
crystallization assisted layer 3 and before the formation of its recording
layer 4 was observed with the aid of the high resolution SEM in a manner

25 similar to that performed in the Example 3-1. A photograph of its
reflective electron image is shown in FIG. 5.

It will be seen from this photograph that the crystallization assisted



20 overwiting or recording operations. The CNRs neasured
after the one, two, three and four overwiting or recording
operations were 49.7, 48.8, 48.7 and 48.3 dB, respectively. It wil |
be seen that the CNR decreased by 0.9 dB after the two recording
operations. 25 The state of thgi.sanple present after the
formation of its crystallization assisted |ayer 3 and before the

formation of its_recording | ayer 4 was observed with the aid of a
hi gh resol utlpyer g;wr(tj;q:@gm of a discontinuous island-like film in which most of the

- 30- whi ch was Hl TACHI S-5000 produced by Hitachi Seisakusho) at an
accel er at | orislpavdshpyeqt lermthof 4#2(2)#91 wathphe lomgestonebeing 25 ane hodtthet

I mage is shown_ in FIG It will be seen fromthis
phot ogr aph tthstlnmréral:by’@%ﬁn F%&Sh#dsa‘li@ﬁs]ﬁe@n atm maas;mum i Measurementr m of
a di scontinuqus, i s anﬁ min_whi ch nost of th I sl ands have a
Cength of 5.5 1 Ehet 196 thenBERmAAG-Boimg. suniagt mede clarifiod hef\an

bet ween the island S 20 Xi mym _ Measur enment by an atom c
force m ro?é’@ﬁ%g‘tw 1?1%9‘{;?\75@%667 @Fnmy a cont act nmode
clarified that an average thickness of the islands was 2.04 nm 10

Exanpl e 3-2: A phase change optical disk having the sane

| ayer structure as,the . FIG 1 was produced in a manner sinmlar to
that in which thew 1 was produced, excluding that a Bi |ayer

havingathicknes wasf rreda the crystallization
assisted |ayer 3. {mse c ange oﬂﬂ‘éalr‘ﬁﬁkr}’(ﬂ%g %Pﬁﬂe}ygf ?E‘%%g‘f‘mc?\% tical
di sk, thus ned roduce(ian & manner Sldm1 ithr Q(())gflat! 1r1'1| %v ?(lzlll %ﬁé Ie:?artlm%ie '3'1[ the
ex arrpl e 3-1.
10 was produced, excluding that a Bi layer having a thickness of about 0.65
nm was formed as the crystallization assisted layer 3.
The measurement of the recording characteristics of the
uninitialized optical disk, thus obtained, clarified that its CNR was 50.8 dB
after recorded first time, 51.1 dB after recorded twice, 51.3 dB after
15 recorded three times, and 51.3 dB after recorded four times. That is, no

decrease in the CNR occurred after recorded twice or more.

Example 3-4:
A phase change optical disk having the same layer structure as the
20 FIG. 1 was produced in a manner similar to that in which the example 3-1
was produced, excluding that a Bi layer having a thickness of about 0.3 nm
was formed as the crystallization assisted layer 3.
The measurement of the recording characteristics of the
uninitialized optical disk, thus obtained, clarified that its CNR was 54.0 dB
25 after recorded first time, 54.1 dB after recorded twice, 53.9 dB after
recorded three times, and 54.2 dB after recorded four times. That is, no

decrease in the CNR occurred after recorded twice or more.



measured after the one, two, three and four overwiting or recording
operations were 51.7, 52.1, 51.8 and 52.0 dB, respectively. It wll be seen
20 that no decrease occurred in the CNR after the two recordi ng operations

or nor e. The state of the sanple present after the
formation of its crystallization a38%i sted |ayer 3 and before the
formation of its recording | ayer 4 was observed with the aid of the
hi gh resolution SEM.|n nner 5.simlar to that perforped in the
Exanple 3-1. A ph%b?‘é&\rgg? state O%thls sample prespata t%ﬁ%@ﬂ of hown

in FIG 5. .. It.,w|l be gseen frgmthis_ photograph that the
crystall i Zatqrgﬂtaélggﬁig@é@smsteé layer 3 and fbe ore the fo‘r):matm% of the recording

-31- l.ayer 3 is i.n the farmof a discontinuous . island-like filmin
whi ch most JRYEA was obheryahaathibe Sicl ohgen HPR-FSuBRPLSEM feld Shpeot
one being 25 nm and_ that . e interval _between the isl gndg. was 13 nm
at a maxi nurfi* { u?'elmeﬂ? 1sland-lti£(? (A St‘?“@&a’?"togetlf?éoﬂlé { eS3uce it&ea
O B0 eSbRliian 6F il Hoydih was 9.7 150, it ooneldateshthat the-sige of gt aal
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nmeasur ement .the recordi.ng characieri sti of th uninitialized
optical di sklgltlhdasmrﬁél&?lafﬁgltﬁ# 88‘3@%?&? F§a’eﬂ%ahls 50.8 dB after
recorded first time, 51.1 dB after recorded twice, 51.3 dB after 15
recorded three tinmes, and 51.3 dB after recorded four tines. That is, no

10 Example 3-5:
A phase change optical disk having the same layer structure as the
FIG. 1 was produced in a manner similar to that in which the example 3-1
was produced, excluding that the first dielectric layer 2 had a thickness of
115 nm, that the crystallization assisted layer 3 of Bi had a thickness of 1.5
15 nm, that the recording layer 4 comprised a Ge,, ,Te,;,Sb,, ; layer having a
thickness of 22 nm, and that the reflective layer 6 of an Al alloy had a
thickness of 50 nm.
The measurement of the recording characteristics of the
uninitialized optical disk, thus obtained, performed in a manner similar to
20 that performed for the example 3-1, clarified that its CNR was 53.2 dB after
recorded first time, 53.3 dB after recorded twice, 53.2 dB after recorded
three times, and 53.2 dB after recorded four times. That is, no decrease in

the CNR occurred after recorded twice or more.

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

FIG. 1 was produced in a manner similar to that in which the example 3-1



decrease in the CNR occurred after recorded twi ce or nore.

Exanpl e 3-4: A phase change optical disk having the same |ayer
structure as the 20 FIG 1 was produced in a manner simlar to that in
whi ch the exanple 3-1 was produced, excluding that a Bi |ayer having
a thickness of about 0.3 nm was fogged as the crystall i zation

assi sted | ayer 3. The nmeasurenent of the recordi ngb - ned
characteristics of .the .uninitialized optjcal disk, thus obtained,
clarified t h%aspredeged, gxeluding that a Bj lagen bavingthickness ef ahauted.0mm1 d g
after recorded tw ce, 53,9 dB after, . recorded three tines, and 54.2 dB
after record@ﬁs&‘lﬁﬁe@?ﬁég‘? cryspllizationassisted lgger 3ase in the CNR occurred

S 1SR e Sment, o the « ding) dhprseroo of

' [ ] [ ' d_| 3 d_before the
formatf on orubinatialicest BBl sk, Cus ltaimed slaed voat e UNREas 66.7ofB: he
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it ' d that the g of _th i gl and-1i ke objects as the

:‘ytk al Y?iafa%tﬁﬁfﬁfi?@egdﬁme Ang étze ﬁs%ﬁfgggﬁ‘;‘gg‘?a f%;r gt Afbatirage
t e ishangsli cts :
rralnﬁeP ezismpl%cr?%sﬁ#u'gtdﬁjé%ﬁﬁ? Wﬁé"’@i"& @?q)r_rfporde%étwme. Exz;llrrpl e 3-5:
B &% uas produncEly the iald e this | G prabbRE Align Bhe Eevotatismataite. 1

d ud. t he first diekLectric.layer 2 a thickness
o P9 byl dsled Mivdrl § Sind hekEE dectiriafian of Ehe Beterding

thicknegg Qfla§rel5 4 was observed with the aid of the high-resolution SEM as in the

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

formed in a continuous film.

Advantageous Effects Produced by
15  the Crystallization Assisted layer:

It will be seen from the results of the examples 3-1 to 3-6 that when
the crystallization assisted layer 3 of Bi was formed as a discontinuous
island-like film, the necessity for the initialization process for crystallizing
the recording layer formed on the crystallization assisted layer 3 was

20 eliminated, and that the CNRs measured after the two or more recording
operations by overwriting were not lower than that measured in the initial
recording operation.

It will also be known that the crystallization assisted layer 3 of Bi
was formed so as to have a thickness of less than 3 nm to thereby provide a

25  discontinuous island-like film by general sputtering (when the sputtering
conditions were: for example, the sputtering gas was Ar, the sputtering

pressure was 0.5 Pa, and the power consumed was DC 10 W).



15 nm that the recording layer 4 conprised a Ge[err]Te[err]Sb[err] I|ayer
havi ng a t hi ckness of 22 nm and that the reflective |ayer 6 of an Al
all oy had a t hi ckness of 50 nm The neasurenent of the
recordi ng characteristics of the uninitialized optical disk, thus
obtai ned, perfornmed in a manner simlar-3¢ 20 that perfornmed for the
exanple 3-1, clarified that its CNR was 53.2 dB after recorded first

time, 53.3 dB after_recorded twi ce, 53.2 dB after recorded t hree
times, and 53.2 dBVhendhe lengthyefthe islandnkike cmalh@tmnoawe%fﬂéal@yer As

t he CNR occyrred after recorded tw ce or npl.e 3-6:
A phase chalfig@s than d90 ams wtméwcagtmw@uga}@qda&@ Zﬁglm eﬁ:@awév gbt@wsd by
FIG 1 was produedlna,maner lar to that, in whi a
- 33- M@Hngewgr%fafgﬁm e%plss, forygxa g@aeés of
about 5.0 s forned t he cr te
The measur eﬁ%ﬂcwtatlﬁgawee&ﬁawr? layer écp blasl%%ieqa@ is loss tganaBVO o,
un|n|t|a|zed tical .disk, t obt ai ne r.l .t at Lts R was 50.7
ft S HnPP?gFPt een ywg %ﬁ”c d? tt*’\ﬁ' ‘c@ - 9 dB
after recorded three tines, and 47.2 dB after recorded four tines.
That is, a decrease 3.2 dB in the CNR occurred after recorded tw ce.
When the_ st ef hi s sI e, pre . fterrt !-. formation of its

; Hre-formati on of the recording
10 | ayer 4&51%@@ ve% vmtlh!t]he aid of the high-resolution SEMas in the
exanple 3-1, *crystallization assisted | ayer 3 was

formed in a conti ’)&&95&&1 h{ﬁ'raction sample A was produced having the same layer

10  structure as the example 3-5, excluding that no UV cured resin layer 7 was
formed on its cover glass.

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

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

An X-ray diffraction sample D was produced having the same layer
structure as the sample A, excluding that the recording layer 4 had a

20 composition of Ge,, ,Sb,;Te,.

An X-ray diffraction sample E was produced having the same layer
structure as the sample A, excluding that the recording layer 4 had a
composition of Geg, zSb,, . Tes, .

An X-ray diffraction sample F was produced having the same layer

25 structure as the sample A, excluding that the recording layer 4 had a
composition of Geg, ;Sby Te,, ,.

An X-ray diffraction sample G was produced having the same layer



Advant ageous Effects Produced by 15 the Crystallization Assisted |ayer:
It will be seen fromthe results of the exanples 3-1 to 3-6 that when

the crystallization assisted layer 3 of Bi was forned as a di scontinuous
island-like film the necessity for the initialization process for
crystallizing the recording | ayer -8prned on the crystallization
assisted layer 3 was 20 elimnated, and that the CNRs neasured after the
two or nore recording operations by overw.iting were not |ower than
that neasur edrueturpeas thejsample A, exsludingnthatpthepeprding layer 4 had a4

will also be known that the crystallization assisted |layer 3 of Bi

was fornmed sewmposition®f &eas fleiickness of |ess than 3 nmto t her eby provide a

25 discontinuous island-like filmby general sputtering (when e
sputtering JRimge the samples A, f(bi‘“ e3cinhad a digeontinueus }W@é@%&nw ,

the sputterin ressure was 0.5 Pa,. and the power consuned was DC 10
P ofg Bi as thg crystallization assisted laayer 3, 1th) ze;\pgr&mg ayer 4 was\\nen
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same | MY  assisted layer 3, but its recording layer 4 was not crystallized immediately

after its formation.

Those X-ray diffraction samples A-G were each put on the X-ray

diffraction apparatus to examine the orientation of the crystals of the

crystallization assisted layer and the recording layer. In this case, the X-

15 ray diffraction apparatus produced by K.K.. Rigaku, and CuKa1 as the
light source were used. Since the crystal structure of the phase change
optical disk recording layer (Ge - Sb - Te) in its crystalline phase was a NaCl
structure, the crystal structure of the recording layer was regarded as
having the NaCl structure and given a corresponding index.

20 FIG. 6 is a chart of the diffraction X-ray spectra of the respective
samples A-G where the vertical axis represents a diffraction intensity (I)
and the horizontal axis a doubled value of the diffraction angle 0.

It will be seen from this chart that the samples A-F exhibit peaks in
(200) at 20 = 29.7 degrees whereas the sample G has no such peak. The

25 intensity of the peak tends to decrease as the Ge content of the recording

layer increases and its Sb content decreases.

The sample B has peaks in (220) and (222) at 20 = 42.7 and 52. 9



structure as the sanple A excluding that no crystallization assisted |ayer

3 was fornmed. 15 An X-ray diffraction sanple C was produced
havi ng the sane | ayer structure as the sanple A excluding that the
recording layer 4 had a conposition of Ce[err]Sb[err]Te[err].

An X-ray diffraction sanple D was producsé- having the sane |ayer
structure as the sanple A excluding that the recording Iayerd{lfpad a 20
conposition of Ce[err]Shlerr].Te[err]. . An X-ray diffraction
sagl e E vvas‘?‘?ﬁlﬁﬁ c‘@él’?ﬁgr‘fer]@ Wt?@dgﬁ% tp the peak in (2Q0Q)atd @r 5 27 h'fEhlﬁaﬁpl e
A, excluding that the recording |ayer 4 _had a conposi tion o

Ge[ err] Sby e?ﬂnﬁéfiféfﬁ jto'be due to the samplp B lackingix emsiniligntionmspisted laver

roduced havj ng,th ane | ayer 5 strucfure as the sanple A_ excluding
F hat the recdr 31%‘554 59@?931 tﬁﬁﬁlb&%"rmlng @di%ﬁ?ﬂtmwsdﬁlanrgghke film %f Bi as
- | ff ti anpl.e G was

Sre ESLL]egbL:\r){}Jﬁggl{yﬁgliigﬁgop (%ggjsted laye'i'\nS én[iaﬁ/lrtci{er f%?&ix'xé’ g rséc{)rzpé.ing layer 4

- 35- st Mct u t he .sanpl , excluding.that the recording_|ayer 4
had a ° %f{)#ﬁdséﬁi'g'ﬁe an A g'rg’rs??@[zgﬁr’}lka%:?tfd layer 3, thsiqw%taﬂ?ﬁi $hepl es
A, CF each had di;sconti.nuous islapd-1ike film | .as
crystalli zatlieSﬂr(ﬁg ilayex F‘%&%ﬁ"f orep 4@68?@&&4%9@?"91%%5 alome.

crystallized by the crystallization assisted layer 3. Since the sanple B
| acked the crystallization assisted layer 3, its recording |ayer 4 had not

been crystal] : he sanple B was heated at 275[err]C for 10

m nut es lL“‘(L'|'{lﬁﬂz;;é@§§ﬂn‘{%ﬁe‘crystaI lize the recording |layer. The sanple B,
t hus obt ai ned, _libj ected to X-ray diffraction. The sanple G had
the crystalli zatio%m%fe‘gséi sted layer 3, but its recording | ayer 4 was

not crygpal l'ized | AgRdL@tfib¥ge optical disk having the same layer structure as the

FIG. 1 was produced as follows.
First, a first dielectric layer 2 having a thickness of about 100 nm
was formed on a polycarbonate substrate 1 having a diameter of 90 mm and
a thickness of 0.6 mm with a guide groove for a laser beam and
15 irregularities for address signals by RF sputtering with the aid of a target
of ZnS — Si0,. A Bi layer having a thickness of 1.5 nm was then formed as
the crystallization assisted layer 3 on the first dielectric layer 2.
A recording layer 4 of Gey;Te,,Sb,, having a thickness of 23 nm was
formed on the crystallization assisted layer 3. The temperature of the
20  substrate 1 was 35 °C before the formation of the recording layer 4 during
which the temperature of the substrate 1 did not rise. A second dielectric
layer 5 of ZnS — SiO, having a thickness of 20 nm and a reflective layer 6 of
Al alloy having a thickness of 150 nm were then formed sequentially on the
recording layer 4 by sputtering. A UV curable resin was then spin-coated

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



after its formation. Those X-ray diffraction sanples A-G were
each put on the X-ray diffraction apparatus to exam ne the
orientation of the crystals of the crystallization assisted | ayer and
the recording layer. In this case, the X- 15 ray diffraction apparatus
produced by K K . Rigaku, and CuKa 1 as-8phe | i ght source were used.
Since the crystal structure of the phase change optical disk

recordi ng | ayer ( - Sb - Te) inits crystalline phase was a NaC
structure, the cr % phase change prtigal disgk Rasdsg dhe sams layenatructyre dedhes

havi ng the I\Eﬁ,& ftructure apd given a corresponding index. 20

FIG 6is a r I W5 produged in a-magnex similaz ta that imwhish the example d-1
sanpl es A-G where the vertical is represents a diffraction intensity (1)
and the hor i%?npa?&%ﬁds e&“‘&"@bﬁg a‘zxaf*ﬁ&t ¢ crytallization assistednlgyer Bewas .

It will be segen fr this, chart that the sanples A-F exhibit peaks in

(200) at 2 [ngfwfdcg%.s? grgte dswamdrradiatedowith-light &oma halogesHammko The

25 intenpsit f, .t he ak, tend Jdecr e as the Ge coptent of the

recor di né Heat ‘fhé’ygpg‘?etﬁﬁ%ggego ggc{‘d’i ?g“ig@‘aé e¥ﬁ°°§‘é‘|€e €% 4 was then

The sanpl e B has,peaks,in 22 nd (22 at er = 42.7 and 52. 9,
Tae.TPLE g P@B&m‘?‘é‘?ﬁ%@ti%ﬁ% ratire; of fhe sy ]Fr@tﬁaéa@ maintagogd in 2 0
= 29.7. This i consi gered, t .d to the sanple B | ackin

crystal | i zat) (%%ng% S frem Iq§y@?’r°“gh 951&2 .mfb’ﬁ‘SWel Augingg g‘?&?ﬁ&?‘“ﬁ? ‘Pngﬁ‘? ng a

Q

di sconti nuo | Sq: -] filmof Bi as the crystallization assisted
| ayer 3 and%?ﬁrlfdﬁggq?%érrlr(r?ng a recording |layer 4 5 of Ge - Sb - Te on the
crystallization assisted |ayer 3, the crystals of the recordi ng

| ayer 4 is easily oriented strongly in a surface (200) al one.

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

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

Example 4 - 4:

A phase change optical disk having the same layer structure as the

20  FIG. 1 was produced, excluding that immediately after the disk was formed
up to the crystallization assisted layer 3 in a manner similar to that in
which the example 4 - 1 was produced, a recording layer 4 of Ge,,Te,Sb,,
alloy having a thickness of 23 nm was formed, that the temperature of the
substrate was 45°C immediately after the formation of the crystallization

25 assisted layer 3, and that the temperature of the substrate was maintained
45°C during the formation of the recording layer 4. The other conditions

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



Exanple 4-1: 10 A phase change optical disk having the sane

| ayer structure as the FIG 1 was produced as foll ows.

First, a first dielectric layer 2 having a thickness of about 100 nm

was formed on a pol ycarbonate substrate 1 having a dianmeter of 90 nm and
a thickness of 0.6 mmw th a guide groovgg8for a |aser beamand 15
irregularities for address signals by RF sputtering with the aid of a

t ar get of ZnS - S 2. A Bi layer having a thickness of 1.5 nm was
then formed as rﬁxﬂmﬂiﬁ—@#ﬁtallization assisted layer 3 on the first
dielectric |layer 2 ) recaording | ayer 4 of

Ge[err] Te[err] Sh[ &t PPaﬁ%hﬁﬁg%OPHPé&ﬂ@@shWnﬁ ho sameslayer stryctureas shet he
crystal Iiza’g,lgg_ff)\smste ayer 3. The tenperature of the 20 substrate 1
was 35[err] W@Stm'é’ ? BgRagner gugn §(§?dhﬁ'@m whigh fheygxpmple 4-1

layer 5 of IS Brefipged ¢x aéfn%%ﬁr?tm bt f3ration ot o ?p‘i-?r&?alﬂ%aeq'u?é”' i
equent Wsa#t{eﬁéayer iy T ayas rragipted Erﬁaﬁéﬁthe IpEeh ¢
her oby T or ﬁ?g%%ﬁaiit egtebﬁr%{’%}lﬁ?t% 5 nd Thaf A Fasenfinee ag,ter“’
tructure altmiPnSt a7 HAFE S0 hinets Sﬁf%nﬂet%%aﬂ% &rmedhe i

whi ch the e %ll was produced, excl uding that after the
crystallization aSSI 9t ed | ayer 3 was formed, the substrate 1 was
irradiated with light froma halogen lanp to 5 heat the substrate up to
75[err]C, and that the recording Iayer 4 was then f or med

i medi aygly. e < . mai ntained in

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

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

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

25  recording frequency was 1.08 MHz), and then its CNR was measured.

Then, the initial recording signal recorded on the disk was

overwritten by a recording signal (having a frequency of 3.89 MHz)



a range of from 45 through 75[err]C inclusive during the formati on of the
recordi ng | ayer 4. 10 Exanple 4 - 3: A phase
change optical disk having the same | ayer structure as the FIG 1
was produced in a manner simlar to that in which the exanple 4-1

was produced, excluding that after the e3%stallization assisted |ayer 3 was
formed, the substrate 1 was heated up to 55[err]Cwith a heater. The 15

55T or ] C 1 nRElerere O thp EREAT SeAE e PighaL (havietss ARanneRped O MHz), =
Cayer st ruciiikthen thoras rapodl o mia oavebng santl TR IPRREd.nmed at of y
'n & manner oi i1 SFioRs Tmuts; pre WgethopsBavenm Sahl e alached Baror ced.
of |23 nm waSv R PrRmeTa] v es HAGEFIRR P thb Tight of FeepSUIYE APV ke
2asi ot 0] ayBReavRk AR hrE ohEHHEN-RREdiAteh & RE s A6 IEioN Poita ned
fl15[err]Cdur'n ihe ferymagj,on of the, recording |ayer 4. The other, .

condi ti ons Th@o"t\’\‘éarléﬁﬁlf P Pbee‘?ﬁ%a{é % bgtm@eg?u’f%:b% egsgrmglde.wce, .
i ng. the. sl Wl faplher pprend wel gp BBl 5o SR el R @ "

manner sim le‘s%dto that in which the exanple 4-1 was produced,
excluding that after the formation of the crystallization 5 assisted

layer 3 the substrigl &l pWaReh &ad Birid tﬁ“tilg rhﬂgasww& gt &eh%t?&qnﬁsks of

10 the examples 4 - 2 to 4 - 4 whose recording layers were formed at a

substrate temperature in a range of from 45 through 110°C inclusive were
not substantially changed by the acceleration test. In comparative
examples, the optical disks of the example 4 - 1 whose recording layer was
formed at a substrate temperature of 35°C was insufficiently crystallized.
15 Thus, changes in its reflectivity due to the acceleration test were found.
The erase ratio of the optical disks of the examples 4 - 2 to 4 - 4 were
satisfactory compared to the optical disk of the example 4 - 1.
As will be known from the above, in this embodiment, when the
optical disks whose recording layer were formed at a substrate temperature
20 in a range of from 45°C through a substrate deforming temperature
inclusive were used without the initialization process, those optical disks
exhibited stabilized characteristics compared to those disks whose
recording layers were formed at a substrate temperature of 35°C. In many
cases, however, even when the recording layers were formed at a substrate
25 temperature of less than 45°C, the recording layers were sufficiently
crystallized to thereby provide stabilized characteristics.



|l anp to heat the substrate up to 115[err]C, and that a recording |layer 4 of
Ce[err]Te[err] Sb[err] alloy having a thickness of 23 nmwas then forned
i medi ately. 10 Effects Produced by the Heating of the Substrate

when the Recordi ng Layer was Forned: The reflectivity and
recordi ng characteristics (CNR and erase4@ati o) of each of the
optical disks of the exanples 4 - 1 to 4 - 5, thus obtained, before
the initiali i wer.e neasured. 15 The reflectivity of each
optical di skﬁ%ﬂ%@é‘iﬁ@' using a | aser having a wavel ength of 680
nmimedi ately aftgr the di sk was obtained as such and after its
accel erating test or-red (i n Wnichthefdisk WasC]c 3Bgld within a
tank of a hum dit at a tureo 80[ err or

noursy. 20 "APhage chafige ApHEAT fisk ha Bng dhe cunis layee PrenaRrags the

measured as t he | aser beam havi ng a wavel ength of 680
nm was rmdullgﬁédf)was pmﬂé‘f@\i@ﬁ?‘% v&%tl mal peak power and an optinal bias

f h iati the o sa Whl ch
e T ot aPi gt - 10050 g fipt ARleltklc Eydt o abile 8 YbiGBesh it bt 88 hain
d rLecor fre enc wa ,
ond Chen i t SRR ik oBCR A Abb e 85‘0 st f T)m igmyctar of G
I or 20 over itten a recordin
?Ihg\r)?ngr SC ; réeigigen{(::lyl/&gﬁ % @g Oxﬁ%lm with 2" glufe groove for a laser geaxg gygf&a

- 30- ptuftf‘ér?ﬂé %gﬁr%‘tehg’tdngf b t%r ? ﬂl@g— h(S;nal (#}a\lﬁ){\%ﬁ?f I equency

of 1.08 Hz), e 8rAdE "0 of

'SI' ;grgl 4‘1’"‘5‘2 . [nggﬂ&eﬁcf%ﬁe rf elt 5O nm was then E)Qﬂﬁﬁ &Sl A Riza s %%teps%istesag(iayer

10  on the first dielectric layer 2 by sputtering with the aid of a target of Bi.
A recording layer 4 of Ge,;Te,,Sh,, having a thickness of 22 nm was
formed on the crystallization assisted layer 3 by sputtering with the aid of a
target of a Ge — Te —Sb alloy. A second dielectric layer 5 having a thickness
of 12 nm was then formed on the recording layer 4 by sputtering with the
15  aid of a target of ZnS - SiO,. A reflective layer 6 having a thickness of 100
nm was then formed on the second dielectric layer 5 by sputtering with the
aid of a target of an Al alloy. A UV curable resin was then spin-coated on

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

During the formation of the recording layer 4, the temperature of
20 the substrate was maintained at 85°C. The first dielectric layer 2,
crystallization assisted layer 3, recording layer 4, second dielectric layer 5

and reflective layer 6 were all formed within an atmosphere of an argon

gas.

25 Example 5 — 2:
A phase change optical disk having the same layer structure as the

FIG. 1 was produced in a manner similar to that in which the example 5 — 1



whi ch numerical val ues appearing on the right of respective arrows in the
5 reflectivity colum are obtained i mediately after the accel eration

test. The optical disk of the exanple 4 - 5 was neasured by the
measuring devi ce, but address signals could not be read well in many
pl aces, and cannot be used. -41- As will be seen from Tabl e

4, the reflectivitys of the optical disks of 10 the exanples 4 - 2to 4 -
4 whose recording | rrs were,.for substrate te ure in a
oo of | fr oFAESDrAGdn Rebdng] Bt the csrysteliization. Assigigd t§nﬂa§| 'y
changed by tphe acgel.eration test onparative exa | es,

optT ool a) skEorsed Mtk a5, abmosshers RS h| GESPUERY HIUg & TAEOEER B2 Ppdreg
at a substratqltenp rature of 35[err]C was insufficiently crystallized. 15
Thus, change¥oi4 reflectivity due to the acceleration test were found.

The erase ratio of the optical disks of the exanples 4 - 2 to 4 - 4 were
sati sfactory conpared to the optical disk of the exanple 4 - 1.
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characteristi
Fifth Engpdi V@ﬁﬁne %,. Exampl e 5- 1:

Example 5 — 4:
A phase change optical disk having the same layer structure as the
FIG. 1 was produced in a manner similar to that in which the example 5 —
15 1was produced, excluding that the crystallization assisted layer 3 was
formed within an atmosphere of an argon gas plus a nitrogen gas of 16

volume %.

Example 5 — 5:

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

25

Example 5 — 6:

A phase change optical disk having the same layer structure as the



A phase change optical disk having the sanme |ayer structure as the

FIG 1 was produced as foll ows. 5 First, a first dielectric
| ayer 2 having a thickness of about 80 nm was formed on a
pol ycar bonat e substrate 1 having a dianeter of 120 nm and a

thi ckness of 0.6 nmw th a gui de groove-#2r a | aser beam by RF

sputtering with the aid of a target of ZnS - SiJerr]. A Bi layer having a
t hi ckness of f§5 nm was .t hep.formed as the crystallization assisted | ayer 3
10 on the fF1Gt! ¥agrredp F%?é?alzn?ﬁ/s@ﬂiﬁlﬁéﬁh@élwvt’lhlcbrtbe&mmﬁleé-tér get
of Bi. A,rec .ng J.ayer. 4 of err]Te[err]Sb[err] having a
t hi ckness of 3% PrAdpged, eng“%?grfrh?é the t%S&{l@t&‘P#i%ﬁt@ﬁ ers@eWaBayer
3 hy sputte(retienﬁgith t.he ai d of ﬁ target of a Ge - Te -Sb allog. A
second di el c9FPed Wihip an atmasghere of apaxgon gas plugra pitragemgast ofod
formed on the reco%di ng layer 4 by sputtering with the 15 aid of a target
of ZnS - Si oé ® A reflective | ayer 6 having a thickness of 100 nm
was thenformed on the second dielectric layer 5 by sputtering with the
aid of atarget of an Al alloy. A UV curable resin was then spin-coated on
the reflectiyg, . forma UV cured resin |ayer 7.
During the fornatro el 4, the tenperature of 20 the
3 d’a‘f‘bl. The first dielectric |ayer 2,

substrate ) Ak yed |

crystallizatTon a PLEFALION 458 S<tetBrdi ng | ayer 4, second dielectric

| ayer 5 nd ' ey 6. were all foroed wdthi at npspher e
of an argon %}S%Le%é% 8 41 reco%aerag erisjics of each ot'tnd orir"%}&’paghase

roduced | n Lok bEERSBLBPILSS TS W Slor? WS Rt initiplization. © "¢
-41- 10 Vﬁésﬂ?rﬂﬂujf&‘%: BESmUhPih r&akvatc}%feg%tﬁsbﬁlddﬂzﬁﬂl E%Sa zﬁh‘?‘%ﬁg%%ayer

3 was formed within an at nosphere argon gas p n gas
of 4 between a peak power of 11 mW and a bias power of 5 mW depending on the

recording signal. By irradiating the optical disk sample rotating at a

linear velocity of 6 m/s with the modulated laser beam, the initial recording

was performed. The resulting records on the disk sample were read and
156  its reflectivity and jitter were then measured.

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

20 are together shown on Table 5 attached hereto.

As will be seen from Table 5, the optical disks of the examples 5 - 2
to 5 - 6 whose crystallization assisted layers were formed within the
atmosphere containing a nitrogen gas were low in jitter value compared to
the optical disk of the example 5 - 1 example whose crystallization assisted

25 layer was formed within a nitrogen gas-free atmosphere, when the

overwriting was performed repeatedly 20, 000 times or more. The optical

disks of the examples 5 — 2 to 5 - 6 are excellent in overwrite cyclability



vol ume % 5 Exanmple 5 - 3: A phase change opti cal
di sk having the sane | ayer structure as the FIG 1 was produced in a
manner simlar to that in which the exanple 5 - 1 was produced,
excluding that the crystallization assisted |ayer 3 was formed within
an atnosphere of an argon gas plus a nitg3gen gas of 8 10 volune %.
Exanple 5 - 4: A phase change optical disk having the same
| ayer structure as was produced in a manner simlar to
that in whi @ﬁmm@eé%aﬁbeepgcal dl@kofihwxgmnia@edl excl udi ng that the
crystallization a55| sted | ayer formed wthin an atnosphere of
an argon gas pl us enpmgléwagm @1351&@(1 layer fasmeade wighin the atmosphere
Exanple 5 - 5: A phase change optical disk having, the _sane
| ayer str uctcentzalasng Hbe mtrogcm @®as] coptaiRg cRAkEQEeD, nwWhichy is cgonsidared tq o
that in whi¢h the exanple § - was produced, excluding that the

crystalli zatlm"%§ %P‘é‘éFWr&%?Y‘%aMY formed within an at nosphere of
an argon_gas pI us nltroge 24 lune, % .2 )

Exanple & - e reason wwgﬁ%gsemﬁrgey‘éaﬁﬁ% O fh iy RS I‘F‘Wéo%e

| ayer structure as. th 42-

FIG 1 was &usofec@arqa?nab%ﬁﬁeptW|larth@ocryﬁfaﬁll%t% aspistefblayer capde - 1

presumed as follows. The nitrogen contained in the crystallization
assisted layer gradually exudes out into the recording layer as the
recording/erasing operations are repeated to change the recording layer
10 present in the crystal state to a finer-crystal layer, to increase the viscosity
of the recording layer present in the crystal state and to increase the
crystallizing temperature of the recording layer. Especially, it is
considered that nitrides which will be formed on the interface due to the
changing of the recording layer to the finer-crystal layer restrains the
15 recording layer from partially thinning due to movement of materials of the
recording layer (flow of the materials of the recording layer in its direction

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

considered as not raising any questions practically.



was produced, excluding that the crystallization assisted |ayer 3 was
formed wthin an atnosphere of an argon gas plus a nitrogen gas of 32

vol une % 5 Effects Produced by Addition of Nitrogen to the
Crystallization Assisted | ayer: ~ The reflectivitys and
recordi ng characteristics of each of theddptical di sks of the

exanples 5 - 1 to 5 - 6 were neasured before its initialization. 10
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10  contains nitrogen, the recording layer cannot be crystallized when formed.

Actually, a phase change optical disk having the same layer
structure as the FIG. 1 was produced in an manner similar to that in which
the example 5 — 1 was produced, excluding that the recording layer 4 was
formed within an atmosphere which contained an argon gas plus a nitrogen

15 gas of 4 volume %. The reflectivity of the disk measured before its
initialization was 4.3 %, and the recording layer was not be crystallized.

As described above, in an optical information recording medium
having a crystallization assisted layer, the necessity for the initialization
process is eliminated and the overwrite cyclability are improved by adding

20  nitrogen to the crystallization assisted layer without adding nitrogen to the

recording layer.

Sixth Embodiment:
Ex le6-1:
25 A phase change optical disk having the same layer structure as the
FIG. 1 was produced in a manner similar to that in which the example 5 - 4

of the fifth embodiment was produced, excluding that the first dielectric



- 43- conpared to the optical disk of the exanple 5 - 1.

The crystallization assisted |ayer forned within the atnosphere

containing the nitrogen gas contains nitrogen, which is considered to

i nprove the overwite cyclability. 5 The reason why the
overwite cyclability of the disks are i4fproved due to nitrogen being
contained in the crystallization assi sted | ayer can be presuned as

follows. The ni roge contain in the crystal ati on assi st ed
| ayer graduafy§¥ x‘ﬁﬂ% oyue Vﬁ’ctg-“% /RE ‘F@EB‘FR}}Q?@ Y’g&ﬁé ped an argon gas

.recording/erasjn eration r ted to change the recor ding layer 10
present in M%&?§§&q’ng?§:{f) %‘&“P{)%%‘r crystal layer, to increase the
Vi scosity of the recording |layer present in the crystal state and to

i ncrease the crystallizing tenperature of the recording |ayer.

Especially, it isE ]cbc_)ni'_dered that nitrides which will be forned on
the interface due — changing of the recording | ayer to the

L A i bl B A
during nel tﬂﬁlwa”“ %/fnmf t[hh‘l% Baélﬁhéhﬁteéf" % ‘?he
Lyt b Bl b fogment, WNCPra G §a‘§‘ﬁ§‘}‘&é AP g
Fetteot Lf?‘}ﬁfh Wg?‘?ﬁsﬂg dopichf B tafgﬁﬁs shepe WHER BASHIE A5°aldif gro
reflectivi t¥1§1d0£ n&ﬁgsglg%?plofﬁ Esfh 1u§n | cal - 6 are in an a usable

range, there are no di sks of the exanples 5 - 5 and 5
- 6 wheg ﬁ the content of a nltrogen gas in the layer form ng atnosphere was

hi gh have high jitter val ues conpared to other optical disks after the
recordl ng was per _QQ0 times, but are less than 15 % which is
considered as not ralsing any questions practically.

A phase change optical disk having the same layer structure as the

FIG. 1 was produced in a manner similar to that in which the example 5 - 4
of the fifth embodiment was produced, excluding that the second dielectric
15 layer 5 was formed within an atmosphere which contained an argon gas

and an oxygen gas of 0.1 volume %.

Example 6 — 4:
A phase change optical disk having the same layer structure as the
20 FIG. 1 was produced in a manner similar to that in which the example 5 - 4
of the fifth embodiment was produced, excluding that the second dielectric
layer 5 was formed within an atmosphere which contained an argon gas

and a nitrogen gas of 0.5 volume %.

25 rodu ition of
i he Di

The reflectivitys and recording characteristics of the respective



-44- Joint MORIS (Magneto-Optical Recording International
Synposi um | SOM (I nternati onal Synposium on Optical Menory) '97

Techni cal Digest p.292 reported that addition of nitrogen to the recording
| ayer greatly inproved the overwite cyclability. 5 The present
invention is intended to elimnate the akcessity for the

initialization process by providi ng a crystallization assisted |ayer on an

optical informatjqn.rec rdlng e to crys lize the, recqrding |ayer
when the saf®t licgia hyye¥pmg| X chHf Ba ii%qreotrh%én ?% n were
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e 8B fﬁggﬁﬁé?bz/?esﬂ fn!r%itt 1??}?4&?%5%?39‘3&'?%%55?3? e orv el e,
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L A L0 s A e
to the o5 c&&ﬁﬁi&&%lﬁ@{&’eg layer 3 ﬁ EHEE%% ot ’ n.r?%en ls% trzrléelr E%;%ffgf(anpl €

6- 1: ase change op ica 1

t t | i .
S UELUT SSeLa it el Sy EREAT ] oAt 5
excl udi pg t @dk bPehd b&&ﬁlpﬂi §l.6£&hlidh contains only nitrogen in its crystallization

assisted layer 3.

It will be seen that especially when the number of the overwriting is
large (for example, after recorded 100, 000 times), the difference in jitter
between each of the disks of the examples 6 - 1 to 6 - 4 and a respective one

15 of the optical disk of the example 5 - 4 is large, and that the overwrite
cyclability of the disks are further improved by incorporating oxygen or

nitrogen into the first or second dielectric layer.

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

medium is simplified and the cost is reduced.



- 45- | ayer 2 was fornmed within an atnosphere which contai ned an argon
gas and an oxygen gas of 0.1 volune % Exanple 6- 2:
5 A phase change optical disk having the sane |ayer structure as
t he FIG 1 was produced in a manner simlar to that in which the
exanple 5 - 4 of the fifth enbodi ¥t was produced, excluding that
the first dielectric | ayer 2 was forned within an atnosphere which
cont ai ned an argoq, gas, and, a nitrogen, gas of 0,5 | unme, % 0
Exanple 6 - 3: Especially, by fprﬁhﬁkfﬂe{h@n‘éﬁﬁ&aﬂb‘ﬁ@tl@maﬁﬁkx rig thectozmye
| ayer structyre _ as the Flﬁi %umas produced jin a manper, sim

landslike

) ) ar..to
that in whi Ghadigeontingqus ig m ofrmaterialsiwyhich commriga hispth(BiYced,
excl udi ng that,, the second dielectric 15 | ayer, was . formed wthin an
at mospher e Mh@ém‘%ﬁh&%‘?&ﬂ%%&ﬂsg% optical laaﬁwmywdg% By

vol ume % . - ample 6 .- 4. ., . . . A phase change opti cal
di sk havi ngh@Né“%ﬁquWE?eggm%aﬁ?rfﬂgzs is@btgigeds was produced in a
manner simlar to,that in which the exa of the fifth

.e 5 -4
enbodi meft was pr Ot OREcal Ipformation H&t"&%’gg SoedHm gprsellept jin overwrife, o 5
f d w t,hin.an .whigch . taj d eie 1. d
o oo gabviRbiig iR whidl ofiiaaRs i RedbaRy JORAHE dnisiatipet R oo
or Ni trogen,ta the Dielect.ri Elecfivitys

t . L : . .. Th
and 1 ecor di RISHRPCPEPTRITPERE FittaRen HEp the pstallization assisted layer
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initialization were
fifth enbodi nent.

opt

ical disks of t

The

shown in Table 6, attached

t he measurenment of the exanple

sake of conpari son.

her et o,

the jitter values of the
to 6 - 4 which contain nitrogen in their
| ayer 3 as well
dielectric layer are restricted to small

as oxygen or

measured in a manner

he exanples 6 - 1 to 6

4 before their
simlar to that used for the
results of those nmeasurenents are together

hereto, which also contains the results of

As wll
opti cal

S

di sk of the exanple 5 - 4 which contains only nitrogen in its

5 5 -48 of the fifth enbodi nent for the
be seen from Table 6, attached
di sks of the exanples 6 -
crystallization assisted
nitrogen in their first or
ones conpared to the optical

1

econd
10

crystallization assi sted | ayer It will be seen that
especi al | y when the nunber of the overmmﬁilng i's | arge (for exanpl e,
after recorded 100, 000 tines), the difference in jitter bet ween each
of the disks of the exanples 6 - 1410 6 - 4 and a respective one 15 of
t he optji cal dismatetial & éhi le 5 - tl ge, andithag the overwlattiee
cycl abil ity of| the disks are ffurthef¥} ﬁlfﬁtwg@ % by intor pBaif ng D XY@ty
NI T 0gerfydafy E the T1ppfe OF SECORCehlefed chbi la&mh@%?erm 4.5637 Al NDUSTRI AL
,rAEEI(;Ir cciﬁ\Bl Iil m 10A . A:Asqgescrl DR Cﬂ%@ an Sk (ﬁﬂ:tm& ?Lﬁéﬂs%n
recor dljr%ainatf{er beco cryst al IggaBstei mredi at el y afshge it 6 f@raﬂ&fel or
due to xilst enced®h8 the crystallization a ssi st ed layer aq
pr edet erEnamph materiBifTe, Thus, thiwe-certéred cubindsattice y { or 42981Ani t | al |oz7%h%on
process rdduired in bk past |is el ispiteraBife, type <110> direction
Exziiple B;aaea as above as above as above
Comp.Ex. | noecrystallization | 4+
1-1 assisted layer
body-centered cubic lattice
Conl1p2.Ex. IWA gystem, body-centered cubic 3'165.3 A : -26.8%
- 0 lathice <100> direction
Comp.Ex. Te . 44579 A
1.3 30A hexagonal system selenium type a-axial direction 3.07%
COHIIZ'EX' Sb;'}‘)j&Sez rhombohederal lattice system 41214 -4.717%
001111?5.Ex. S;’(ﬁ?s rhombohederal lattice system 4.2463 A -1.809%
Corx;PéEx. A3g6§e monoclinic system 4484 3.58%
Conllf),i.Ex. (;3% hexagonal system 3984 -9.13%
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a result,

in the form
conprise bisnmuth (Bi)

medi um excel | ent
the necessity for the initialization

into the crystallization assisted |ayer.

t he process for
mediumis sinplified and the cost
Especi al | y,

maki ng the opti cal
i s reduced.

I nformati on recording

by formng the crystallization assisted |ayer
of a discontinuous island-like filmof materials which

5

and/ or bismudB (Bi) conpounds,
I nformati on recordi ng nedi um
characteristics i s obtained.

in overwite

an optical
havi ng stabilized recording
An opti cal

i nformati on recording

cyclability is obtained which elimnates

process by incorporating nitrogen

48 Table 1
mat eri al & thickness crystal structure B- val ue
| attice Exanpl e PbTe face-centered cubic lattice
system 4.5637 A 5.519% 10A
NaCl type <110> dlrectlon Exanple PbTe
as above as above as above Exanpl e
Bi[err] Te[err] face-centered cubic lattjce 4.2931 A
0. 738% 1-3 | . .. g . lGéflectivity CNR (dBpyst erad8i [ aratio{éBe(fr] type
<110> direction 1@*&%?@1011 Bid)er r ] Teh&s N0Otimes | once /100 tim@ds above
as aboy eExamgle asbggﬁ%e Conpy &X. no Ygysial i zatl 1 0M9/24 1-1 _
?Zts![ ;SE;E ,ggg i\fferJ 20 \’§2152 ~body- ST ET ed—tubic
body- cer@%‘?@&recuhl ,beforg—, 004 dir2ktior 53/5%& 894 15- é_ﬁB 10A
lattice  1-2 after] 00> | di r 632 i on 53/53 31/31
Example before 18 49/50 28/30
1-3 after 21 52/52 30/30
Example before 21 50/50 29/29
1-4 after 22 53/53 30/30
Comp.Ex. before 5 36/49 7129
1-1 after 20 53/53 30/30
Comp.Ex. before 6 33/49 7128
1-2 after 22 50/50 29/29
Comp.Ex. before 9 33/50 8/30
1-3 after 21 51/62 30/30
Comp.Ex. before 12 39/42 6/23
1-4 after 21 50/43 22/23
Comp.Ex. before 9 50/51 20/20
1-5 after 18 50/51 21/20
Comp.Ex. before 8 38/46 6/22
1-6 after 19 50/561 20/21
Comp.Ex. before 7 32/42 9/18
1-7 after 18 48/47 18/17




Conp. Ex. Te hexagonal system sel eniumtype
4. 4579 A 3.07% 1-3 30A
a-axial direction 3. 07% Conp. EX.

Sb[err] TeSe[ err]

r honboheder al

| attice system 4.121 A

-4.717% 1-4 30A Conp. Ex. 50 Sb[err] Te[err]
rhonbohederal lattice system 4. 2463 A -1.809% 1-5
30A Conp. Ex. Ag[err]Te nonocl i ni c system
4.48 A 3.58% 1-6 30A Conp. Ex. CrTe
hexagonal system 3.98 A -9.13% 1-7
30A 1 49
Table 2 |n|t|al|zat|r8?Pereerct|V|ty CNR (dB) erase
rati o(dB) (% once /100times once /100 tines Exanple
before 18 50/ 51 22/ 24 1-1 after
20/ 52/|Saitialization | réfledtivibyanpl €NR(dBhef Oefase ratio (dB) 2
53/ 53 27/b% 142 19 after 53 27 39 53
31/31 éyExa’i‘ié’le bafore 38 40+-50 28130 1-3
after =21 alter gq/52 2 '2055_42()4:\( ol e 341 0f or
21 CompJFx.530  before 29/ 28 1-4 35  affer 5 22
53/ 53 2-1 30/ 38ft6Pp. BEx. 21 bef oy e 53 5 35 36//49
71 29 -1 T 3753 30730 Conp. Ex.
befor e | Example [ Dot [, 45 5308 | 32 27 frer
22 2-2 50|50 after 29/2b _conp. Ex. 94 pefate 27 9
33/ 50 Example 8/ defore 1- 3 20 after 54 21 32 51/|52
30/ 30 (bOITpZ@( beiREL 9912 54 39742 33 6723 1-4
S.f ter Exa @J.;1 before 2 ?2:;322’2 1s go Comp—Ex: o5 DefOTE
50/ 51 2-4  (21/2aftepnp. Ex. 23before 53 8 27 _ 38//46
6/ 22 Exﬁmple defore 19 460/ 51 20 20/ 21 Conp. Ex.
before| 95 [T after 32747g 50718 | T-7 o3 af ter
18 4814+ 181
Exampl before 17 b2 25
2-6 after 18 56 27
Comp.Ex. before 5 45 17
2-2 after 17 53 25
Example before 6 40 12
2-7 after 17 47 17
Example before 4 unmeasurable | unmeasurable
2-8 after 15 unmeasured unmeasured
Example before 4 unmeasurable | unmeasurable
2-9 after 13 unmeasured unmeasured
Example before 4 unmeasurable | unmeasurable
2-10 after 12 unmeasured unmeasured




50 Tabl e 3 initialization

reflectivity CNR( dB) erase ratio (dB) Exanple before 19
53 32 2-1 after 22 54
34 Conp. Ex. bef ore 6 35 5 2-1
after 21 53 51 35 Exanpl e bef ore 20
53 27 Tzai)fe 4 after 21 54
27 Exanpl e bef ore 20 54 32 2-3
after 22 54 33 Exanpl e bef ore 22
49 25 2-4 after 23 53
2f7 Exanpl e befreflectivity (%) |12 CNR (dB) 46 erase ratio(dB) 20 2-5
after e o0 23| Exanpl e before 17
52 CREMPE 125 12p-% 18 af t e2 18 29 56
4-1 £ oy
27 COTTFE}( ot € o aa 29} 1 2-2
after | example, 19 -> 20 53 53 25| Exanpl g9 before 6
40 4-2 112 " 2.7 after 17 4
17 Exanpéxample |bef gfe 4 unmeasyr abl e nmeasuf abl e 2-8
after 4-315 %o U?lr?b]asur ed L’T’r?frreasur ¢d Exa d; pef ore
4 ugkmaply bl e unmeasurfable  2-9 after 13
unneasyredy _, unmeaddr = %anpl[e 54pef or e 324 inneasur abl e
unneasurabte 2=16 aftet 12 grmeastred unneasur ed
51 Tabl e 4 reflectivity (% CNR
(dB) erase ratio (dB) exanple 12 J[err] 18
52 29 exanpl e 19 [err] 20 53
32 4- 2 exanple 20 [err] 21 53
33 exanple 20 [err] 21 54
32
Table 5
jitter (%)
addition of N, .
in film mﬂ?;:)l vty after recorded
formation e | 10 ] 1000 [ 20000 | 30,000 [ 50000 [ 100,000
times | times | times times times times

e";’_"i’l" none 183 | 56 | 69 | 78 | 122 | 185 | 288 | 286

e";‘_“gl" 4vol % 187 | 87| 72 | T8 | 11 | M5 | 22 | 281

e";‘_“gl" 8vol % 92 |58 | 74 | 78 | 92 | w1 | 187 | 27

°"5a‘_“i’l" 16 val % 186 | 63 | 75 | 83 | 88 | I | 19 | 169

"‘5‘“_“;’19 24 vol % 155 | 15| 15 | 100 | 85 | 91 | 101 | 15

e";‘_“gl" 32vol % B2 | 75| 17 | 106 | 89 | 93 | w2 | 132




Tabl e 5

jitter (9% addition of Nerr] reflectivity in film
after recorded formation 10
1, 000 20,000 30,000 50,000 100, 000
once tinmes tinmes tinmes 83 nmes tinmes times exanple
none 18. 3 5.6 6.9 7.8 12.2 18.5 28. 8
28.6 5-1 exanple 4 vol % 18.7 5.7 7.2 7.8
11.1 14.5 23.2 28.1 5 -2 exanple 8 vol % 19.2
5.8 7.4 7.8 9.2 12.1 18.7 22.7 5-3 exanple
16 vol % 18.6 6.3 7.5 Tabl ?). 3 8.8 11.1 11.9
16.9 exanpl e 24 vol % 15.5 ~abeP g 7.5 10.0 8.5
9.1 10.1 14.5 exanple 32 vol % 15.2 7.5 7.7
10.6 8.9 9.3 10.2 13.2 5-6
52 Il . 'ér ble 6
jitter (9 additilon of Njerr] or O[err] M4eB¥) ectivity
after recorded g4ditionof N.or 091 €l Sficktlvite [T 2YET Tormation (%
once | 10 &i%fgggﬁ;egggggog éﬂff{’g D0~ 50,000  H0@reeoied
tinmes |tines I nes I mes e Hes—exatple 15t
di el ectlric | ayer 16. 6 6.1 | ofed 10 pLY| I00UGTSI0000 | gog0¢) | 100009 o
12.4 6 |1 Oferr] 0 1 Vol % exanpl ghimes | fimest| dimes) qcfimesc || Hmesr | timesy |2
6.0 7exdmple | 7. 18t dielectric 1gyer0 0.3 . B .9 G- enr]
0.5 vol| %<dxanpl 0, 0.1vl%d dilel T pcl q']ayejlﬁ% 8 s 967 d08 | 12| B4
8.8 example- |2 1st diefbckricayer 13. 2
6.9 N, 05 vol % 17.2 60 | 71 | 78 9.0 103 11.3 129
example 2nd dielectric layer
6.3 0, 0.1vl% 176 62 | 76 | 19 88 112 113 13.2
example 18t dielectric layer
6.4 N, 0.5vol % 169 64 | 17| 19 9.0 10.2 1.9 123
example | no addition to dielectric
5.4 lager 18.6 63 | 75 | 83 8.8 111 1.9 16.9




exanpl e 1st dielectric |ayer 16.9 6.4 7.7 7.9 9.0

10. 2 11.9 12.3 6 -4 Nerr] 0.5 vol % exanple no addi tion
to dielectric 18.6 6.3 7.5 8.3 8.8 11.1

11.9 16.9 5 - 4 | ayer

- 53- -63- CLAI M5 1. A et hod for
produci ng an optical information recordi ng nedi um whi ch has on one
side of a substrate a recording |ayer Qf eri als whose 5 main
conponents conprise germanium (Ge), a (Sb) and tellurium (Te),
conprising the steps of: formng a crystallization assisted

| ayer of materials having a crystal structure of a face-centered
cubic lattige system e side of the .. .. substrate; d 10,.

formng a rdcor di dymebhed & fnegu ovtical infunation 2eoshng sedipgy

I : 2 A net had f ' tical i t.i di
medium Wb B Bie cuEerert pecorgtee [rendh GRiR G BRO
Tt el e iR cooplihh GRRRRRE MR RIRE] Ao SH RS dna ERY o S
one side of@ e substrate a el stial |'i zati on assisted |ayer of a
tellurium ( ?-’FP%‘é’f%{‘%EPSP efﬁlzf\ﬁ hg a crystal structure of a

rhonmbohedral lattigce s e and 0 . fordn ording. | r
directly over the for ‘s‘f@% s&?ﬂgﬁtégsﬁss?fsetad layer Of{%gg‘?&alrﬁ%vugg %.%rysq‘gﬁ'he
met hod accordj i | b e yal
lattice uncgg#l%‘fq%;?y&b%t V\r%éeﬁ&%xhté%r%r ycg{bg# nlsat%{rlﬁ%t %rp%g%‘f % é’lﬁgr ;‘;Is eaqui Elzla I on
substrate; and
10 forming a recording layer directly over the crystallization assisted

layer.

2. A method for producing an optical information recording medium
which has on one side of a substrate a recording layer of materials whose
15 main components comprise germanium (Ge), antimony (Sb) and tellurium
(Te), comprising the steps of:
forming on one side of the substrate a crystallization assisted layer
of a tellurium (Te)-free material having a crystal structure of a
rhombohedral lattice system; and
20 forming a recording layer directly over the crystallization assisted

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

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

4. A method for producing an optical information recording medium

T



25 assisted layer and that of the recording layer is not nore than 8%

4, A nethod for producing an optical information recordi ng nmedi um
-54- whi ch has on one side of a substrate a recording |ayer of
mat eri al s whose mai n conponents conprise germani um (Ge), antinony
(Sb) and tellurium (Te), conprisi-f6g-the steps of:

formng on one side of the substrate a crystalli zationb;issibsted Iha%/g.r) 5
of materials_whi.ch contain | east ;one of antipony, (S I smut i), an
anti mony ( Sb‘}"wg 8808 0%83{%.? ?f 3 Sypsirate A res dayenef materials wltxjose
formng a recording |layer directly over the grystallizat] assi st e _

| ayer . ° 10 Mgm cogﬂ’ %8°'F‘8P8ﬁr%?dmmgn%&eﬁﬂ%mpm@gﬁamow BHARdi ng
medi um ich has. on.one side of a substrate a recording |ayer of
materials whpSe COMPIIsipg the %%ﬂgnt s conprise gernanium (Ge), antinony

o) om0 o g Sl R RS S 3SR Sain sstnaer 1
0o RO i 5 55 o), Bl 3
97179, Y BB g o S ) B EARE, 25 S
o o TR SR AP ol RRBAG year®

tenperature fabg, substrate will be deforned.

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

forming on one side of the substrate a crystallization assisted layer

15  in the form of a discontinuous island-like film of materials which contain Bi

(bismuth) and/or a bismuth (Bi) compound; and
forming a recording layer directly over the crystallization assisted

layer.

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

substrate will be deformed.

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

formed at a substrate temperature in a range of from 45°C through 110°C

AR R0 O



25 7. The net hod according to any one of clains 1-5, wherein the
substrate is produced of polycarbonate; and wherein the recording |ayer is
formed at a substrate tenperature in a range of from45[err]C through

110[err] C - 55-

I ncl usi ve. 8. The met hod accordisgg to any one of clainms 1-7,
wherein the formation of the crystallization assisted |ayer is
performed within a film 5 formng atnosphere to which a nitrogen gas is
added. imclusiveThe net hod accor di ng to any one of clains 1-8, further
conpri sing the step of: formng a first dielectric

| ayer between the substrate and the 10 crystallization assisted |ayer;
and/ or Lor m&o a second dielectric layer on an opposite side
of the recordiflg The mgthod: acsprding terany ene pielaima lagswhexainithger,

wherein the fo mation of the fir aiil and/ or second dielectric layer is

per f or med wi t hformation @fr gt ﬁ‘b"é%e‘ﬂ?sél ed Uy e isaperformgdrwiihin anfilor

15 an oxy$ s |s added An optical information recording
medi um wi t P a gtgngsphere to whic 8r’#§’d’gﬁﬁ&ﬁﬁés§ﬂé@ of a substrate, the
recordi ng | ayer corrprl si ng mat eri al s whose mai n conponents are
germani um (Ge), antinony (Sb) and 20 tellurium (Te), t he

medi um bei ng ppoduce one of. e met hods, gccor di n ¢l ai s
1-9, ) i’b gime @‘ gegp HS g anyyene ‘i’%&FHP?réoe Hrﬁlemwwmm%

state; and the step of:

forming a first dielectric layer between the substrate and the
10  crystallization assisted layer; and/or
forming a second dielectric layer on an opposite side of the recording
layer from the crystallization assisted layer,
wherein the formation of the first and/or second dielectric layer is
performed within a film forming atmosphere to which a nitrogen gas and/or

15 an oxygen gas is added.

10. An optical information recording medium with a recording layer
formed on one side of a substrate, the recording layer comprising
materials whose main components are germanium (Ge), antimony (Sb) and
20 tellurium (Te),
the medium being produced by any one of the methods according to
claims 1-9,
wherein the recording layer is formed in a crystalline state; and
comprising:
25 a crystallization assisted layer formed in contact with the substrate

side surface of the recording layer.
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conprising: 25 a crystallization assisted |ayer forned in

contact with the substrate side surface of the recording |ayer.

- 56- 11. The optical information recordi ng nmedium according to claim
10, wherein a ratio x, y, and z of the elenents (Ge, Sb, Te) of the
mai n conponents of the recording |l&gr (Ge: Shb: Te = x: y: z where x +
y +z =1) satisfies the follow ng expressions (1)-(3) si mul t aneousl y:

?_ . (2) 11. 0. JI‘he g{)ta%alx{n%'g};qaagoPe’qqc])rcbngg)nedlum( agcording to ciaalme rIE)] y

wherein a ratio X, y, and z of the elements (Ge, Sb, Te) of the main
components of the recording layer (Ge: Sb: Te =x:y: zwherex +y +z=1)

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

5
01 <x<04 ..
008 =y )
045 < z < 065 ...(3)
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