
;e3eM<JT 6T< 23 December 2002 1 eWiuiinud~u i~b~~~~~~ TITLE OF THE
INVENTION Optical Recording Medium) and Method of Manufacturing Same
BACKGROUND OF THE INVENTION 1. Field of the Invention The present invention
relates to an optical recording medium comprising a recording layer formed
from a phase-change material changeable in state between crystalline and
amorphous and which has a portion thereof under the focused spot of a light
switched between crystalline and amorphous phases to record information
signal, and to a method of manufacturing the optical recording medium. 2.
Description of Related Art Conventional optical recording media in which a
variety of information signals can be written and/or read out with respect
to a portion of the recording medium under the focused spot of a light such
as laser beam, include an optical disc in which information signal is
previousiy written with embossed pits, phase-change optical disc in which
information signal is written to a recording layer thereof utilizing the
switching between crystalline and amorphous states of the recording layer,
magneto-optical disc in which information signal is written to a recording
layer thereof utilizing the magneto-optic effect of the recording layer,
etc. Each of these optical discs comprises a transparent substrate made of
a plastic such as polycarbonate or a glass and functional layers such as
recording layer, reflective layer) etc. formed on the substrate.   23
December 2002 2 Among the above optical recording media, the
magneto-optical disc and phase-change optical disc are of a rewritable or
erasable type. Especially, the phase-change optical disc is advantageous in
that it is easily rewritable and that a disc drive for them can be designed
compact since write and read with respect to the phase-change optical disc
can be achieved v~iithout using any means for generating an external
magnetic field. Thus, the phase-change optical disc has been attracting
much attention in the field of industry. In such a phase-change optical
disc, information signal is written by focusing a laser beam having a high
level of power (will be referred to as "recording power" hereinafter) onto
a recording layer of the optical disc to heat the recording layer to a
temperature higher than its melting point, and then cooling it quickly
enough to freeze the portion of the recording layer under the focused spot
of the laser beam in an amorphous state to form a recording mark for the
information signal. To erase the information signal recorded on the
recording layer of the phase change optical disc, a laser beam of a power
level below that of the laser beam used to record the information signal,
that is, a lower-power laser beam than the recording level, is focused at
least onto the recording mark to heat the portion under the focused laser
beam to a temperature higher than the crystallization point and lower than
the melting point, and then the heated portion is cooled to recrystallize
the portion, namely, change the recording layer portion from the amorphous
state back to the crystalline state, and thus erase the amorphous recording
mark. 



23 December 2002 3 Further, in the phase-change optical disc, since even a
same portion of the recording layer under the focused spot of laser beam
differs in reflectivity depending upon whether it is in a crystalline or
amorphous phase, a difference in reflectivity between the crystalline and
amorphous states can be detected, by focusing a laser beam having a lowest
level of power onto the recording layer, to read out the recorded
information signal. The recording layer of such a phase-change optical disc
is formed from a phase-change recording material such as a calcogenide
containing a GeSbTe alloy (will be referred to as "Ge-calcogenide"
hereinafter), a calcogenide containing an AgInSbTe alloy (will be referred
to as "Ag-calcogenide" hereinafter), or the like. It is well known that a
phase-change optical disc having a recording layer made of a Ge-calcogenide
is superior in durability against repeated recording to a one having a
recording layer formed from a Ag-calcogenide. As mentioned above, the
phase-change optical disc having a recording layer made of a Ge-calcogenide
is known to be superior in durability against repeated recording to a one
having a recording layer made of an Ag-calcogenide. It is also known
however that the characteristic of a signal read out after recorded
repeatedly a few times to tens of times is regionally deteriorated and the
characteristic of a signal read out after recorded repeatedly more than
tens of thousands of times is deteriorated drastically. Thus, this
conventional phase-change optical disc is not able to assure a   23
December 2002 4 stability of a signal read out after recorded repeatedly a
small number of times such as a few times to tens of times and also to
assure a quality of a signal read out after recorded repeatedly a large
number of times such as more than tens of thousand of times. In effect, the
conventional phase-change optical disc is not reliable on the write/read
characteristic thereof. SUMMARY OF THE INVENTION Accordingly, the preseat
inventioa has an object to overcome the above mentioned drawbacks of the
prior art by providing a phase-change optical disc further improved in
durability against repeated recording and adapted-to always show a stable
and good characteristic of a signal read out even after recorded
repeatedly, and a method of manufacturing the phase-change optical disc.
The above object can be attained by providing an optical recording medium
comprising a recording layer of a phase-change material switchable between
a crystalline state and an amorphous state in response to signal-wise
illumination by light focused onto the recording layer to change the phase
thereof from crystalline to amorphous, thereby writing an information
signal onto the recording layer, said phase-change material comprising a
GeSbTe alloy and said recording layer being formed by sputtering in an Ar
gas atmosphere comprising NZ, 02 or both Nz and O2, wherein: 



the recording layer is formed at a speed X (nm/s) in an Ar gas atmosphere
containing N2 and OZ gases of wluch the mixing ratio (N2 and Oz)/Ar among
the N2, 02   23 December 2002 5 and Ar gases is Y(%) and the mixing ratio
OZ/(NZ +OZ) of Oz gas with the mixture of NZ and 02 gases is Z(%), the
parameters X, Y and Z meeting the following relations ( 1 ) to (3 ): Y >_
2.3X + 1.0
...................................................................... (L)
Y S 12.8X + l6.7
........................................................................
(2) 10 <_ Z _< 60
...................................................................... (3)
In the above-mentioned optical recording mediwn according to the present
inveatio~, since the recording layer forming conditions are defined, the
GeSbTe alloy fotniing the recording layer is suitably nitrided and oxidized
to optimize the physical properties of the recording layer for information
signal read/write and further improve the durability against repeated
recording. Thereby the optical recording medium according to the present
invention is adapted to minimize the regional deterioration of a signal
read out after recorded repeatedly a few times to tens of times and to
provide a quality signal read out even aftee recorded repeatedly more than
tens of thousands of times. Thus, inotmation signal can be read out which
shows a stable and good characteristic even after written repeatedly.
Further, on the assumption that the recording layer of the optical
recording medium of the present invention is formed at a speed X (tunls) in
an Ar gas atmosphere containing OZ gas of which the mixing ratio OZ/Ar
between the Oz and   23 December 2002 6 Ar gases is Y(%), the parameters X
and Y should preferably meet the following relations (1) and (4): Yz 2.3X +
1.0 .................................................... (1) Ys 5.5X + 2.7
.................................................... (4) Furthermore, on
the assumption that the recording layer of the optical recording medium of
the present invention is formed at a speed X (nm/s) in an Ar gas atmosphere
containing Idi gas of which the mixing ratio Nz/Ar between die Nz and Ar
gases is Y(%)), the parameters X and Y should preferably meet the following
relations (2) and (5): Ys 12.8X + 16.7
.................................................... (2) Yz 1.8X + 5.0
.................................................... (5) The above object
can also be attained by providing a method for making an optical recording
medium comprising the steps of: 



providing an optical disk substrate; and forming a recording layer on said
substrate comprising a GeSbTe alloy as a phase change material, said
recording layer being formed by sputtering in an Ar gas atmosphere
comprising NZ gas, OZ gas or a mixture of Oz gas and Nz gas, to provide a
phasechange material recording layer switchable between a crystalline state
and an amorphous state in response to being illuminated signal-wise by
light focused on the recording layer which is effective to change the phase
of the phase change material of the recording layer from crystallf'ne to
amorphous, to thereby write an information signal into the recording layer,
wherein:   23 December 2002 7 the recording layer is formed at a speed X
(nm/s) in an Ar gas atmosphere containing Nz and 02 gases of which the
mixing ratio (N2 +02)/Ar among the NZ and OZ gases and Ar gas is Y(%) and
the mixing ratio O~NZ +02) of OZ gas with the mixture of NZ and 02 gases is
Z(%), the parameters X, Y and Z meeting the following relations (1) to (3):
Y >_ 2.3X + 1.0
...................................................................... (1)
Y <_ 12.8X + 16.7
....................................................................... (2)
10<_Z_<60
...................................................................... (3)
In the above-mentioned optical recording medium manufacturing method
according to the present invention, since the recording layer forming
conditions are defined, the GeSbTe alloy forming the recording Iayer is
suitably nitrided and oxidized to optimize the physical properties of the
recording layer for the read/write and further improve the durability
against repeated recording . Thereby the method according to the present
invention permits to manufacture an optical recording medium adapted to
minimize the regional deterioration of a signal read out after recorded
repeatedly a few times to tens of times and to provide a quality signal
read out even after recorded repeatedly more than tens of thousands of
times. Further) on the assumption that the recording layer of the optical
recording medium manufactured by the method according to the present
invention is fonned at a speed X (nm/s) in an Ar gas atmosphere containing
02 gas of which the mixing   23 December 2002 8 ratio Oi/Ar is Y(%), the
parameters X and Y should preferably meet the following relations (1) and
(4): YZ 2.3X + I.0 .................................................... (I)
Ys 5.5X + 2.7 .................................................... (4)
Furthermore, on the assumption that the recording layer of the optical
recording medium manufactured by the method according to the present
invention is formed at a speed X (nm/s) in an Ar gas atmosphere containing
N2 gas of which the mixing ratio N2/Ar is Y(%), the parameters X and Y
should preferably meet the following relations (2) and (5): Y s 12.8X +
16.7 .................................................... (2) 



YZ 1.8X + 5.0 .................................................... (5)
These objects and other objects, features and advantages of the present
intention will become more apparent from the following detailed description
of the preferred embodiments of the present invention when taken in
conjunction with the accompanying drawings. BRIEF DESCRIPTION OF THE
DRAWINGS FIG. 1 is a sectional view, enlarged in scale, of an essential
part of an optical recording mediiun according to the present invention;
FIG. 2 is a sectional view, enlarged in scale, o another essential part of
the optical recording medium of the present invention; FIG. 3 is a lighting
patten~ diagraun used in the experiment to record   23 December 2002 9
information signal; FIG. 4 graphically illustrates the relation between the
mixing ratio (NZ + 02)/Ar in the recording layer foaming atmosphere and
read signal fitter when the layer forming speed is 0.42 nm/s; FIG. 5
graphically illustrates the relation between the mixing ratio (NZ + OZ)/Ar
in the recording layer forming atmosphere and groove reflectivity when the
recording layer forming speed is 0.42 nm/s; FIG. 6 graphically illustrates
the relation between the mixing ratio (N2 + OZ)/Ar in the recording layer
forming atmosphere and read signal fitter when the 



recording layer forming speed is 0.1 nm/s; FIG. 7 graphically illustrates
the relation between the mixing ratio (NZ + 02)/Ar in the recording Iayer
forming atmosphere and groove reflectivity when the recording layer forming
speed is 0.1 nm/s; FIG. 8 graphically illustrates the relation between the
mixing ratio (NZ + 02)/Ar in the recording layer forming atmosphere and
read signal fitter when the recording layer foaming speed is 1.6 nm/s; FIG.
9 graphically illustrates the relation between the mixing ratio (Nz +
02)/Ar in the recording layer forming atmosphere and groove reflectivity
when the recording layer forming speed is 1.6 runs; FIG. 10 graphically
illustrates the relation between the mixing ratio (Nz + 02)/Ar in the
recording layer fonning atmosphere and read signal fitter when the   23
December 2002 i0 recording layer fonning speed is 5.0 nm/s; FIG. 11
graphically illustrates the relation between the mixing ratio (N2 + 02)/Ar
in the recording layer forming atmosphere and groove reflectivity when the
recording layer fonning speed is 5.0 nimls; FIG. 12 graphically illustrates
the relation between the recording layer forming speed and mixing ratio
(N2+ OZ)/Ar in the recording layer forming 



atmosphere; FIG. 13 graphically illustrates the relation between the mixing
ratio OZ/(N2+ OZ) in the recording layer forming atmosphere and read signal
fitter; FIG. 14 graphically illustrates the relation between mixing ratio
02/(N2+ Oz) in the recording layer forming atmosphere and recording power
margin; FIG. 15 shows a composition of the material for the recording layer
of the optical recording disc of the present invention; FIG. 16 is a
ternary composition diagram of the GeSbTe alloy as the material for the
recording layer of the optical recording disc according to the present
invention; FIG. 17 graphically illustrates the relation between the Ge
content in the GeSbTe alloy as the material for the recording layer and
read signal fitter; FIG. 18 graphically illustrates the relation between
the Te content in the GeSbTe alloy as the material for the recording layer
and read signal fitter; FIG. 19 graphically illustrates the relation
between the Sb content in the   23 December 2002 11 GeSbTe alloy as the
material for the recording layer and read signal fitter; FIG. 20
graphically illustrates the relation between the mixing ratio OZ/Ar in the
recording layer forming atmosphere and read signal fitter when the
recording 



layer forming speed is 0.42 nm/s; FIG. 21 graphically illustrates the
relafion between the mixing ratio OZ/Ar in the recording layer forming
atmosphere and groove reflectivity when the recording layer forming speed
is 0.42 nm/s; FIG. 22 graphically illustrates the relation between the
mixing ratio O~/Ar in the recording layer forming atmosphere and read
signal fitter when the recording layer forming speed is 0.1 nm/s; FIG. 23
graphically illustrates the relation between the mixing ratio 02/Ar in the
recording layer forming atmosphere and groove reflectivity when the
recording layer forming speed is 0.1 nm/s; FIG. 24 graphically illustrates
the relation between the mixing ratio OZ/Ar in the recording layer forming
atmosphere and read signal fitter when the recording layer forming speed is
1.6 nrn/s; FIG. 25 graphically illustrates the relation between the mixing
ratio OZ/Ar in the recording layer forming ahnosphere and groove
reflectivity when the recording layer forming speed is 1.6 nin/s; FIG. 26
graphically illustrates the relation between the mixing ratio OZ/Ar in the
recording layer forming ahnosphere and read signal fitter when the
recording   23 December 2002 12 



layer forming speed is 5.0 nm/s; FIG. 27 graphically illustrates the
relation between the mixing ratio O~/Ar in the recording layer forming
atmosphere and groove reflectivity when the recording layer forming speed
is S.0 nm/s; FTG. 28 graphically illustrates the relation between the
mixing ratio 02/Ar in the recording layer forniing atmosphere and read
signal fitter; FIG. 29 graphically illustrates the relation between the Ge
content in the GeSbTe alloy as the material for the recording layer and
read signal fitter; FIG. 30 graphically illustrates the relation between
the 'Fe content in the GeSbTe alloy as the material for the recording layer
and read signal fitter; FIG. 31 graphically illustrates the relation
between the Sb content in the GeSbTe alloy as the material for the
recording layer and read signal fitter; FIG. 32 graphically illustrates the
relation between the mixing ratio N2/A.r in the recording Layer forming
atmosphere and read signal fitter when the recording Layer forming speed is
0.42 nm/s; FIG. 33 graphically illustrates the relation between the mixing
ratio Nz/Ar in the recording layer fornling atmosphere and groove
reflectivity when the recording layer fonning speed is 0.42 nm/s; FIG. 34
graphically illustrates the relation between the mixing ratio N2/Ar in the
recording layer forming atmosphere and read signal fitter when the
recording layer forming speed is 0.1 nm/s;  



23 December 2002 13 FIG. 35 graphically illustrates the relation between
the mixing ratio N2/Ar in the recording layer forming atmosphere and groove
reflectivity when the recording layer forming speed is O.I nm/s; FIG. 36
graphically illustrates the relation between the mixing ratio N2/Ar in the
recording layer forming atmosphere and read signal fitter when the
recording layer forming speed is 1.6 runs; FIG. 37 graphically illustrates
the relation between the mixing ratio NZ/Ar in the recording layer forming
atmosphere and groove reflectivity when the recording layer forming speed
is 1.6 rums; FiG. 38 graphically illustrates the relation between the
mixing ratio NZ/Ar in the recording layer forming atmosphere and read
signal fitter when the recording layer fornvng speed is S.0 nm/s; FIG. 39
graphically illustrates the relation between the mixing ratio NZ/Ar in the
recording layer forming atmosphere and groove reflectivity when the
recording layer forming speed is 5.0 nm/s; FIG. 40 graphically illustrates
the relation between the recording layer forming speed and mining ratio
NZ/Ar in the recording layer forming atmosphere; FIG. 41 graphically
illustrates the relation between the Ge content in. the GeSbTe alloy as the
material for the recording layer and read signal fitter; 



FIG. 42 graplucally illustrates the relation between the Te content in the
GeSbTe alloy as the material for the recording layer and read signal
fitter;   23 December 2002 14 FIG. 43 graphically illustrates the relation
between the Sb content in the GeSbTe alloy as the material for the
recording layer and read signal j fitter; FIG. 44 graphically illustrates
the relation between the number of repetitions of recording and read signal
fitter in an example of the first experimental embodiment of the
phase-change optical disc according to the present invention; FIG. 45
graphically illustrates the relation between the number of repetitions of
recording and read signal fitter in a comparative example of the first
experimental embodiment; FIG. 46 graphically illustrates the relation
between the number of repetitions of recording and read signal fitter in an
example of the second experimental embodiment of the phase-change optical
disc according to the present invention; FIG. 47 graphically illustrates
the relation between the number of repetitions of recording and read signal
fitter in a comparative example of the second experimental embodiment; FIG.
48 graphically illustrates the relation between the number of repetitions
of recording and read signal fitter in an example of the third experimental



embodiment of the phase-change optical disc according to the present
invention; and FIG. 49 graphically illustrates the relation between the
number of repetitions of recording and read signal fitter in a comparative
example of the third experunental embodunent.   23 December 2002 15
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS First embodiment
Referring now to FIG. 1, there is given a sectional view, enlarged in
scale, of an essential part of a phase-change optical disc according to the
present invention. The phase-change optical disc is generally indicated
with a reference 1. As shown in FIG. 1, the phase-change optical disc 1
comprises a substrate 2, first dielectric layer 3, recording layer 4,
second dielectric layer 5, light-reflective layer 6 and a protective layer
7 formed in this order on the substrate 2. The substrate 2 has formed on
one main surface 2a thereof grooves 2b extending along recording tracks.
The substrate 2 is 0.6 mm thick, for example. It is formed from a plastic
substrate such as polycarbonate (PC) or polyrnethyl methacrylate (PMMA), a
glass substrate, or the like. The substrate 2 is molded by injection
molding or photo polymerization (2P method), for example. Note that for
write or read of information signal with respect to the optical disc 1, a
light such as laser beam is incident from on the substrate 2. As mentioned
above, the recording layer 4 is formed on the first dielectric layer 3. It
is formed from a phase-change material cHangeable in state from crystalline
to amorphous, or vice versa, under the focused spot of a laser beam or the
like. Namely) the recoding layer 4 is an optical recording layer of which
the phase can be changed under the focused spot of laser beam to write,
erase or read infonnation signal.   23 December 2002 16 More particularly,
the phase-change material of the recording layer 4 is changed to an
amorphous state when heated to over its melting point and then cooled
quickly. However, the phase-change material is switched to a crystalline
state when heated to a temperature above its melting point and below its
crystallization point and then cooled. Therefore, to record information
signal) the recording layer is heated to a temperature over the melding
point of the phasechange material and then cooled quickly to form a
recording mark in ari amorphous phase. The recording layer 4 varies in
reflectivity depending upon whether it is in the crystalline or amorphous
state. Thus, information signal is read out by detecting a change of
reflectivity of the return light of the laser beam incident upon the
recording layer 4. 



Specifically, the phase-change material of the recording layer 4 in the
present invention is a calcogenide containing a GeSbTe alloy. The recording
layer 4 should preferably be 18 to 30 nm thick. It should be noted that the
recording layer 4 should preferably be formed at a speed X (nm/s) in an Ar
gas atmosphere containing N2 and OZ gases of which the mixing ratio (Nz +
OZ)/Ar between the NZ and 02 gases and the Ar gas is Y (%) and the mixing
ratio OZ/(NZ + Oz) of OZ gas with the mixture of NZ and 02 gases is Z (%),
the parameters X, Y and Z meeting the following relations ( 1 ) to (3 ): Yz
2.3X + I.0 .................................................... (1)   23
December 2002 17 Ys 12.8X + 16.7
.................................................... (2) lOsZs60
................................................... (3) Note that the
mixing ratio (Nz + 02)/Ar is a flow ratio between (NZ + 02) and Ar, in
other words, a volume ratio between OZ and (N2+ OZ) in the Ar gas
atmosphere. Furthermore, the recording layer forming speed X should
preferably be over 0.1 nm/s and under 5.0 nm/s. Namely, the speed X should
preferably meet the following relation (6): O.lsXs5
.................................................... (6) 1. Recording layer
forming atmos_~heric conditions and speed X The mixing ratio (NZ+ OZ)/A.r
of Y (%) between the NZ and OZ gases and the Ar gas and the recording layer
forming speed X (nm/s) for forming the recording layer 4 in the optical
recording medium and in the optical recording medium manufacturing method
according to the present invention, are defined by the relations ( 1 ) to
(3) as in the above for the reasons based on the following experunent
results having been conducted on the embodiments of the present invention
and comparative examples: 1-2 Relation between recording layer fonninr~
atmospheric conditions and read signal characteristic 



First, a phase-change optical disc was made as will be discussed below:
23 December 2002 18 First, a substrate 2 having a diameter of 120 nm and a
thiclmess of 0.6 was made. Then a first dielectric layer 3 of ZnS-Si02
having a thickness of 120 nm was formed on the substrate 2 by sputtering.
Next, a target of GeZSbZTes was used on the first dielectric layer 3 and a
recording layer 4 of GeSbTe having a thickness of 25 nm was formed by
sputtering at a speed of 0.42 nmls in an Ar gas atmosphere in which NZ and
02 gases were mixed. At this time, in the Ar gas atmosphere having mixed
therein the NZ and 02 gases, the mixing ratio OZ/(N2 + 02) was fixed to 20%
while the mixing ratio (NZ + Oi)/Ar was varied within a range of 0 to 20 %,
thereby making a~plurality of phasechange optical discs each having the
recording layer formed under different atmospheric conditions. It should be
noted however that the atmospheric condition of which the mixing ratio (Nz
+ OZ)/Ar is 0% is an Ar gas ahnosphere not containing N2 and 02 gases and
it is not included in the recording layer forming conditions adopted in the
optical recording medium manufacturing method of the present invention.
Next, a second dielectric layer 5 of ZnS-Si02 having a thickness of 15 nm
and a light-reflective layer 6 of A1 alloy having a thickness of 150 nm
were formed in this order by sputtering on each of the recording layers 4
formed under the different conditions, and then a protective layer 7 was
formed on the light-reflective layer 6 by applying an ultraviolet-curable
resin, to make a phase-change optical disc   23 December 2002 19 1. Each
type of the phase-change optical discs 1 thus made was duplicated. The two
phase-change optical discs 1 of each type thus obtained were bonded to each
other with their light-reflective layers 6 facing each other with an
adhesive 9 applied between the layers 6. Finally, a double-sided
phase-change optical disc 10 of I20 mm in diameter and I.2 mm in thickness
as shown in FIG. Z was made in which write and record can be done with
respect to both sides thereof. Note that this phase-change optical disc 10
has a track pitch of about 0.8 pm and a recording capacity of about'3.0 GB
per side. Each of the plurality of phase-change optical discs made under
different recording layer forming conditions were initialized by
crystallizing the recording layers 4 under the focused spot of a
high-powered laser beam. Then, a lighting pattern as shown in FIG. 3 was
used to record a random EFM signal using a channel clock of 27.7 MHz on
each of these initialized phasechange optical discs. In FIG. 3, the
recording power is indicated with a reference Ph, erasing power is with a
reference P 1, and the cooling power is with a reference Pc. In the
lighting pattern shown in FIG. 3, one clock is indicated with 1T, and the
pulse length of one lighting pulse is with 13 ns. At this time, a
recording/reproducing apparatus, or a disc drive, was used in which the
linear velocity was 4.8 in/s, the recording power Ph is 14.5 mW) the
erasing power P 1 was 5.8 mW, and the cooling power Pc was 1.5 mW. The disc



23 December 2002 20 drive is provided with a laser which generates a laser
beam of 650 nm in wavelength. Under these conditions, a signal was recorded
repeatedly 2 times to each of the phase-change optical discs. Then, to
evaluate the relation between the mixing ratio between N2 and 02 used in
forming the recording layer and the characteristic of read signal, fitter
of a signal read from each of the phase-change optical discs after recorded
repeatedly 2 times, was measured. The measurement results are shown in FIG.
4 of which the horizontal axis indicates the mixing ratio (N2+ OZ)/Ar while
the vertical axis indicates the fitter of a signal read from the optical
disc after recorded repeatedly 2 times on a same recording track. For a
fitter of a quality signals read out after recorded repeatedly a small
number of tunes such as 2 times, 10% is taken here as a reference value for
an acceptable media. In the above experiments, the fitter of a signal read
out after recorded repeatedly 2 times) was measured for the following
reason. That is, the fitter of a signal read out after recorded repeatedly
2 tunes is normally the highest and the read signal fitter tends to be
gradually smaller as the repetition of recording further counts up to
10,000 tunes That is why the fitter of a signal read out after recorded
repeatedly 2 times was measured.  



23 December 2002 21 As seen fiom the experiment results shown in FIG. 4,
the fitter is the highest as 12.7% when the mixing ratio (Nz + OZ)/Ar is
0%, namely, when no N2 and OZ gases are contained in the Ar gas. It
decreases as the content of Nz and OZ increases. The fitter is the lowest
when the mixing ratio (N2 + 02)/Ar is 6 to 10 %. As the the mixing ratio
{N2 + 02)/Ar is further increased, the fitter is also increased gradually.
Therefore, the experiment results showed as seen from FIG. 4 that for the
fitter of a signal read out after recorded repeatedly to be under 10% at
which a signal quality can be assured, the recording layer should
preferably be formed in an Ar gas atmosphere of which the mixing ratio (NZ
+ Oz)/Ar is over 6%. 1-2 Relation between recording la ~~er forming
atmospheric conditions and groove reflectivity Next, for evaluation of the
relation between atmospheric conditions under which the recording layer is
formed and the groove reflectivity of each of the discs, the recording
layer was formed under varied atmospheric conditions as in the experiment
shown in FIG. 4 and each phase-change optical disc thus made was
initialized. The groove reflectivity of each phase-change optical disc was
measured. The experiment results are shown in FIG. 5 of which the
horizontal axis indicates the mixing ratio (NZ + 02)lAr and the vertical
axis indicates the groove reflectivity.   23 December 2002 22 As seen fiom
the experiment results in FIG. 5, the groove reflectivity decreases
monotonously as the mixing ratio (N2 + 02)/Ar is increased. When the mixing
ratio (N2+ 02)/Ar is over 21.0%, the groove reflectivity is under 11%, so
that signal modulation is not satisfactory. Therefore, it was shown fiom
the experiment results that for a satisfactory signal modulation, the
mixing ratio (N2+ 02)/Ar should be under 21.0% in the atmosphere in which
the recording layer is formed. 1-3 Atmospheric conditions meeting both read
signal characteristic and~roove reflectivitz~ reguirements As having been
described in the above, the experiment results shown in FIGS. 4 and 5
reveals that in the optical recording rnediiun and manufacturing method for
the optical recording medium according to the present invention, when the
recording layer forming speed is 0.42 nzn/s and the mixing ratio 02/(N2 +
Oz) is 20%, the recording layer-should be formed in an Ar gas atmosphere of
which the mixing ratio (N2 + 02)/Ar is 6 to 21.0 % in order to satisfy both
the requirements for the read signal fitter and groove reflectivity. FIGS.
4 and 5 show the results of the experiments conducted on the optical discs
having their respective recording layers formed at the speed of 0.42 nm/s.
Therefore, to obtain sunilar read signal characteristics to those shown in
FIGS. 4 and 5 when the recording layer forming speed varied, it is
necessary to vary the mixing ratio (NZ + OZ)/Ar as well.  



23 December 2002 23 1-4 Relation among atmospheric conditions with the
recording layer forming speed changed. read signal characteristic and
groove reflectivity Next, a study was made on the mixing ratio (N2 + OZ)/Ar
meeting both the requirements for read signal fitter and groove
reflectivity when the recording layer forming speed was varied. First, an
optical disc was made under similar conditions to those in the experiment
of which the results are shown in FIG. 4 except that the applied voltage to
the target of Ge2Sb2Te5 was varied, recording layer forming speed was 0.1
nm/s and the mixing ratio (NZ + Oz)/Ar was varied in a range of 0 to 20 %.
As in the experiment of which the results are shown n FIG. 4, the fitter of
a signal read out after recorded repeatedly 2 tunes to the optical disc was
measured. The measurement results are shown in FIG. 6. In this experiment,
the mixing ratio OZ/(N2 + 02) was fixed to 20%. Also, the optical disc thus
made was initialized under the recording layer forming atmospheric
conditions varied as in the above with the recording layer forming speed of
0.1 nm/s. The groove reflectivity of the optical disc after thus
initialized was measured in the same manner as in the experiment of which
the results are shown in FIG. 5. The measurement results are shown in FIG.
7. Similarly, an optical disc was made under similar conditions to those in
the experunent of which the results are shown in FIG. 4 except that the
recording layer fonning speed was 1.6 nm/s and the mixing ratio (NZ +
Oz)/Ar was varied in a range   23 December 2002 24 of 0 to 45 %. As in the
experiments of which the results are shown in FIGS. 4 and 5, the fitter of
a signal read out after recorded repeatedly 2 times to the optical disc and
groove reflectivity after the optical disc was initialized, were measured.
The measurement results are shown in FIGS. 8 and 9. Similarly, an optical
disc was made under similar conditions to those in the experiment of which
the results are shown in FIG. 4 except that the recording layer forming
speed was 5.0 nim/s and the mixing ratio (NZ + OZ)lAr was varied in a range
of 0 to 90 %. As in the experiments of which the results are shown n FIGS.
4 and 5, the fitter of a signal read out after recorded repeatedly 2 tunes
to the optical disc and groove reflectivity after the optical disc was
initialized, were measured. The measurement results are shown in FIGS.10
and 11. It was revealed fiom the experiment results in FIGS. 6, 8 and 10
that in the optical discs having their respective recording layers formed
at the speeds of 0.1 nm/s, 1.6 nmls and 5.0 nm/s, respectively, the mixing
ratios (NZ + Oz)/Ar resulting in a read signal fitter of under 10% are over
5, 8 and 14 %, respectively. Also, as seen from the experiment results in
FIGS. 7, 9 and 11, in the optical discs having their respective recording
layers formed at the speeds of 0.1 nm/s, 1.6 runs and 5.0 runs,
respectively, the mixing ratios (Nz + 02)/Ar resulting in a read signal
fitter of over 11% are under 17, 40 and 80 %, respectively. 1-5 Recording
layer forming conditions meeting both read signal characteristic and groove
reflectivity reduirements  



23 December 2002 25 As mentioned above, the experiment results shown in
FIGS. 4, 6, 8 and 10 reveal that in the optical discs having their
respective recording layers formed at the speeds of 0.42 nm/s) 0.1 nm/s,
1.6 nm/s and 5.0 nm/s, respectively, the mixing ratios (N2 + OZ)/Ar
resulting in a read signal fitter of under 10% are 6, 5, 8 and 14 %,
respectively. The results are graphically traced as in FIG. 12 with the
recording layer forming speed indicated along the horizontal axis and the
mixing ratio (NZ + OZ)/Ar indicated along the vertical axis, thus
delineating a straight line a. In FIG. 12, the horizontal axis indicates
the recording layer forming speed X (nm/s) while the vertical axis
indicates the mixing ratios (NZ + OZ)/Ar as Y (%). The line a is expressed
by Y = 2.3X + 1.0. In the area under the~line a, the read signal fitter is
over 10% and thus no quality read signal can be provided. On the other
hand, as described in the foregoing, the experiment results shown in FIGS.
5, 7, 9 and 11 reveal that in the optical discs having their respective
recording layers formed at the speeds of 0.42 nm/s, 0.1 nm/s, 1.6 nm/s and
5.0 nm/s, respectively, the mixing ratios (NZ + OZ)/Ar result in a read
signal fitter of over 11% are 21, 17, 40 and 80 %, respectively. The
results are graphically traced as in FIG. 12 with the recording layer
forming speed indicated along the horizontal axis and the mixing ratio (N2
+ 02)/Ar indicated along the vertical axis, thus delineating a straight
line ~3. The line ~3 is expressed by Y = 12.8X + 16.7. In the area above
the line ~3, the groove reflectivity is under 11% and thus no satisfactory
signal modulation is   23 December 2002 26 possible. If the recording layer
forming speed X is higher than 5.0 runs, it is too high to assure a
recording layer forming tune long enough to adjust the recording layer
thickness. If the speed X is slower than 0.1 nm/s, the recording layer
forming takes a longer time, which is an inconvenience for the practice of
manufacture. Therefore, the recording layer forming speed should preferably
be 0.1 s X s 5.0 (relation (6)). As evident from the foregoing description,
the phase-change optical disc 1 according to the present invention should
preferably have a recording layer of GeSbTe alloy formed by sputtering at a
speed X (nm/s) in an Ar gas atmosphere containing NZ and 02 gases of which
the mixing ratio (NZ + p2)/Ar among the NZ, 02 and Ar gases is Y (%) and
the ratio 02/(N2 + 02) of OZ gas with the mixture of NZ and 02 gases is Z
(%), the parameters X, Y and Z meeting the following relations (1) and (2):
Yz 2.3X + 1.0 .................................................... (1) Ys
12.8X + 16.7 ................................................... (2) At
this time, the recording layer 4 should preferably be formed at a speed X
of 0.1 s X s 5.0 as previously mentioned for the phase-change optical disc
1 according to the present invention. 2. Appropriate mixing ratio0z/_(N_2 +
OZ) for fonnin these recording )her Neat, the optun~un mixing ratio02/(Nz +
02) will be considered.   23 December 2002 



27 As one parameter included in the atmospheric conditions under which the
recording layer is formed, an appropriate mixing ratio Oz/(NZ + OZ) was
studied from the standpoint of a read signal characteristic and a power
level of a laser beam (will be referred to as "recording power margin"
hereinafter) used for signal readout, as will be discussed below. The
reason why the mixing ratio OZ/(NZ + Oi) as Z (%) was set to 10 s Z s 60
(relation (3)) for the present invention is based on the results of the
experiments conducted as will be described below. 2-1 Relation between read
si~~,nal characteristic and mixing ratio 02N2 + O~ First, a double-sided
optical disc was made in a similar manner to the experiment of which the
results are shown in FIG. 4, except that the recording layer was formed tom
a GeZSb2Tes alloy by sputtering at a speed of 0.42 nm/s in an Ar gas
atmosphere of which the mixing ratio (NZ + OZ)/Ar was 10% with the mixing
ratio OZ/(NZ + OZ) varied in a range of 0 to 100 %. The optical disc thus
made was initialized, and a signal was recorded repeatedly 20,000 times to
the optical disc. The fitter of the signal read out after recorded
repeatedly 20,000 times using a lighting pattern as shown in FIG. 3, was
measured. The measurement results are shown in FIG. 13 of the horizontal
axis indicates the mixing ratio Oz/(NZ + 02) and the vertical axis
indicates the measured fitter of the signal read out after recorded
repeatedly 20,000 tunes. The "0%" on the horizontal axis of FIG. 13
indicates that the recording layer forming atmosphere contains no OZ gas.
23 December 2002 28 For a fitter of a quality signal read out after
recorded repeatedly a large number of tithes such as 20,000 tithes, l2.5%
is taken here as a reference value for an acceptable media. As seen from
the measurement results shown in FIG. 13, as the mixing ratio 02/(N2 + OZ)
increases, the read signal fitter decreases gradually. When the mixing
ratio OZ/(N2+ 02) exceeds 10%, the read signal fitter is under 12.5%, so
that a satisfactorily good read signal can be provided even after the
signal has been recorded repeatedly a large number of times. 2-2 Relation
between recording_power margin and mixin rg atioO2~N2 + OZ) First, an
optical disc was made as in the experiment of which the results are shown
in FIG. 13, and then left for 100 hours in a constant-temperature bath at a
temperature of 90  C for the purpose of an accelerated test. Thereafter, a
signal was recorded along a same track of the optical disc repeatedly 2
times, and a recording power margin for the recording was determined The
measurement results are shown in FIG. 14. For a fitter of a quality signal
read out after recorded repeatedly a small number of times such as 2 times,
10% is taken here as a reference value for an acceptable media. The
recording power margin (Pw) is defined as follows taking the read signal
fitter of 10% as a threshold level. A miniznutn value and maximum value of
a recording power with which the fitter of a signal read out after recorded
repeatedly 2 tunes is 10% are assumed here as Pm;" and Pme., respectively.
The recording   23 December 2002 29 power margin is defined to be a result
of a division of a difference (Pma,~ - Pm;) between the maximum and minimum
values by a mean value (Pm,x + Pm",)~2, that is, a value shown by the
following relation (7) below: 



Pw = (PmeX - Pm;~)l((Pma, + Pm;,~l2) ................................ (7)
As apparent fxom the results shown in FIG. 14, as the ratio of OZ
increases, the recording power margin decreases, and as the mixing ratio
Ozl(NZ+Oz) exceeds 60%, the recording power margin is under 10%) so that it
may be considered that an optical disc produced with a variation of the
recording laser power and a change of the atmospheric conditions will be a
one to which no satisfactory recording can be done. 2-3 Appropriate mixing
ratioOZ/_(_N_2 + OZ) for food read signal characteristic and recording
power margin The results shown in FIGS. 13 and 14 reveal that for the
fitter of a signal read out after recorded repeatedly 20,000 times to be an
acceptable signal detection level and to assure a minium necessary
recording power margin for a satisfactory recording even with a variation
of the recording laser power, the mixing ratio OZ/(Nz + 02) should
preferably be over 10% and under 60%. As having been described in the
foregoing, the optical recording medium according to the present invention
has the recording layer 4 made of a phasechange material such as a GeSbTe
alloy, the recording layer 4 being formed by sputtering in the Ar gas
atmosphere containing NZ and OZ gases.   23 December 2002 30 Furthermore,
as evident from the results shown in FIGS. 4 to 14, the recording layer 4
in the optical recording medium according to the present invention should
preferably be formed at a speed X (nm/s) in. an Ar gas atmosphere
containing N2 and OZ gases of which the mixing ratio (N2 + 02)/Ar is Y (%)
and the mixing ratio OZ/(N2+ OZ) is Z {%), the parameters X, Y and Z
meeting the following relations (1) to (3): YZ 2.3X+ 1.0
.................................................... (1) Ys 12.8X + 16.7
.................................................... (2) lOsZs60
................................................... (3) Thus, in the
optical recording medium according to the present invention, since the
forming conditions for the recording layer 4 are defined, the GeSbTe alloy
forming the recording layer 4 is suitably nitrided and oxidized to optimize
the physical properties of the recording layer 4 for the read/write and
fiurther unprove the durability against repeated recording. Thereby the
optical recording medium of the present invention is adapted to mirvrnize
the regional deterioration, such an increased fitter, of a signal read out
after recorded repeatedly a few times to tens of times and to provide a
quality signal read out even after recorded repeatedly more than tens of
thousands of times. As a result, the optical recording medium of the
present invention always keeps a stable and good write/read characteristic
even after repetitions of signal recording. 3. Composition of phase-change
material for the recording layer   23 December 2002 31 FIG. 15 is a ternary
composition diagram showing a composition of the material for the recording
layer 4 for use in the present invention. In the ternary composition
diagram (of the three elements Ge, Sb and Te), the GeSbTe alloy is a
composition falling in an area defined by four points including J (26.0,
l9.2, 54.8), K (21.0, 21.0, 58.0), L (14.3, 28.6, 57.1) and M (21.6, 24.4,
54.0). As mentioned in the foregoing) the reason why the Ge-Sb-Te
composition of 



the recording layer 4 is thus defined is based on the experiment results
which will be described in detail below: 3-1 composition on line connecting
GeSaTeso and Sb.~,o in ternary composition diaQxam of three elements Ge3 Sb
and Te First, a first dielectric layer 3 of ZnS-Si02 having a thickness of
120 was formed on a substrate 2 by sputtering. Next, a recording layer 4 of
GeSbTe having a thickness of 2S was formed on the first dielectric layer 3
by sputtering at a speed of 0.42 nm/s in an Ar gas atmosphere of which the
mixing ratio (N2 + 02)/Ar was 10% and the mixing ratio 02/(N2+ Ox) was 20%.
At this time, the recording layer 4 was formed by sputtering using targets
of Ge2Sb2Te5, target of Ge, target of Sb and a target of Te. First,
consideration was made of a phase-change optical disc having a recording
layer made of a composition on a straight line 11 connecting the points
GeSOTesp and Sb~oTebo about the point C (2, 2, 5) as shown in FIG. 16 being
also a   23 December 2002 32 ternary composition diagram of the Ge, Sb and
Te elements. More specifically, the GezSb2Te5 target was co-sputtered while
the ratio between the forming speeds for the Ge and Te targets was being
kept at 1, to form a recording layer 4 from a composition between points
GeSOTeso and Ge2Sb2Te5 as in FIG. 16. Then, a second dielectric layer 5 of
ZnS-SiOz having a thickness of 15 nm and a light-reflective layer 6 of A1
alloy having a thickness of 150 nm were formed in this order by sputtering
onto the recording layer 4, and thereafter, an ultraviolet resin or similar
was applied to the light-reflective layer 6 to form a protective layer 7,
thereby providing a phase-change optical disc 1. 



Finally, two pieces of this phase-change optical discs 1 were produced. The
two phase-change optical discs 1 thus obtained were bonded to each other
with their light-reflective layers 6 facing each other with an adhesive 9
applied between the layers 6, to provide a double-sided phase-change
optical disc of 120 mm in diameter and 1.2 mm in thickness. Similarly, a
phase-change optical disc was made of which only the recording layer 4 was
made of a different material from the above-mentioned. More specifically,
the Ge2SbzTeS, Sb and Te targets were co-sputtered while the forming speeds
for the Sb and Te targets were kept at 0.67 nm/s to form a recording layer
4 made of a composition between points Sb4oTebo and GezSb2Te5 as in FIG.
16. The lighting pattern shown in FIG. 3 was used to record a signal once
to the phase-change optical disc thus having the recording layer 4 made of
a composition   23 December 2002 33 on a straight line 11 shown in FIG. 16
under the similar conditions to those in the experiment of which the
results are shown in FIG. 4, and the fitter of the signal read out from the
phase-change optical disc was measured. The measurement results are shown
in FIG. 17 of the horizontal axis indicates the mixing ratio of Ge in a
composition on the straight line 11 connecting points Ge5oTe5o and Sb4oTe6o
and the vertical axis indicates the fitter of the signal read out after
recorded once. It should be noted that the points J, L and C in FIG. 17
correspond to the points J (26.0, 19.2 , 54.8), L (14.3, 28.6, 57.1) and C
(2, 2, 5), respectively, in FIG. 15. As apparent from the results shown in
FIG. 17, when the recording layer 4 is made of a composition having a
larger Ge content than at the point J (26.0, 19.2, 54.8) in the ternary
composition diagram of the elements Ge, Sb and Te, the fitter is over 10%,
and when the recording layer 4 is made of a composition having a smaller Ge
content than at the point L (14.3, 28.6, 57.1), the fitter is over 10%.
Therefore, the composition on the straight line 11 connecting the points
GeSOTeso and Sb4oTe6o should preferably be a one on the Line connecting the
points J and L as shown in FIG. 15. 3-2 Composition having lamer Te content
than at point C (2. 2, S) in ternarX composition diagram of elements Ge. Sb
and Te Next, a phase-change optical disc was made which having a recording
layer made of a composition having a larger Te content than at the point C
(2, 2, 5).   23 December 2002 34 More particularly, GeZSb2Te5 and Te
targets were co-sputtered to make a phase change optical disc having a
recording layer 4 formed from a composition on a 



straight line 12 from the point C. For the phase-change optical disc having
the recording layer 4 thus formed from the composition on the straight line
12, the fitter of a signal read out after recorded once was measured as in
the experiment of which the results are shown in FIG. 17. The measurement
results are shown in FIG. 18 of which the horizontal axis indicates the
mixing ratio of Te in the composition on'the straight line 12 connecting
the points Ge2SbzTeS and Te and the vertical axis indicate the fitter of a
signal read out after recorded once. It should be noted that the points C
and K in FIG. 18 correspond to the points C (2, 2, S) and K (21.0, 21.0,
58.0) shown in FIG. 1 S. As revealed from the results shown in FIG. 18, the
recording layer 4 should preferably be formed fi om a composition on the
line connecting the points C (2, 2, 5) and K (2l.0, 21.0, 58.0) as shown in
FIG. 15 for the fitter to be under 10%. 3-3 Composition having lar er Sb
content than at~oint C 2, 2. Sy in ternary composition diagram of elements
Ge. Sb and Te Next, a phase-change optical disc was made which having a
recording layer made of a composition having a larger Sb content than at
the point C (2, 2, 5). More particularly, Ge2SbzTeS and Sb targets were
co-sputtered to make a phase   23 December 2002 35 change optical disc
having a recording layer 4 formed from a composition on a straight line 13
from the point C. For the phase-change optical disc having the recording
layer 4 thus formed from the composition on the straight line 13, the
fitter of a signal read out after recorded once was measured as in the
experiment of which the results are shown in FIG. 17. The measurement
results are shown in FIG. 19 of which the horizontal axis 



indicates the mixing ratio of Sb in the composition on the straight line 13
connecting the points Ge2SbZTeS and Sb and the vertical axis indicate the
fitter of a signal read out after recorded once. It should be noted that
the points M and C in FIG. 19 correspond to the points M (21.6, 24.4, 54.0)
and C (2, 2, S) shown in FIG. 15. As revealed fi om the results shown in
FIG. 19, the recording layer 4 should preferably be formed from a
composition on the line connecting the points M (21.6, 24.4, 54.0) and C
(2, 2, 5) as shown in FIG. 15 for the fitter to be under 10% 3-4 Suitable
composition for the recording layer in the present invention The
aforementioned results showed that the composition of the GeSbTe alloy as
the material of the recording layer in the phase-change optical disc 1
according to the present invention should preferably fall in an area
defined by the four points including J (26.0, 19.2, 54.8), K (21.0, 21.o, S
8.0), L ( 14.3, 28.6, 57.1 ) and M (21.6, 24. 4, S4.0) as shown in FIG. 1
S.   23 December 2002 36 Since the composition of a phase-change material
for the recording layer 4 in the phase-change optical disc 1 of the present
invention is defined as in the above, the durability against repeated
recording and write/read characteristic of the recording layer are
optimized, thus effectively assuring a high quality of a signal even after
recorded repeatedly. 4. Suitable thickness of the recording-layer The
recording layer 4 in the present invention should preferably be 18 to 30 nm
for the reasons based on the following experiment results: 4-1 Suitable
thickness of the recording layer in the present invention First, a first
dielectric layer 3 of ZnS-SiOz having a thickness of 120 nm was formed on a
substrate 2 by sputtering. Then, a recording layer of GeZSb2Te5 was formed
on the first dielectric layer 3 by sputtering at a speed of 0.42 nm/s in an
Ar gas atmosphere of which the mixing ratio (NZ + OZ)/Ar was 10% and mixing
ratio Oz/(NZ + OZ) was 20%. The recording layer 4 was formed with the
thickness varied in a range of 1 S to 40 nm, and thus there were made a
plurality of substrates 2 with the recording layers 4 different in
thickness from one to another. Next, a second dielectric layer 5 of
ZnS-Si02 of 15 mn and a light-reflective layer 6 of Al alloy having a
thickness of 150 nm were formed in this order by sputtering on each of the
recording layers 4 different in thickness from one to another, and
thereafter a protective layer 7 was formed by applying an ultraviolet   23
December 2002 37 curable resin to the light-reflective layer 6, thereby
forming a phase-change optical disc 1. The plurality of phase-change
optical discs thus formed with the recording layers 4 different in
thickness from one to another were initialized, and a lighting pattern as
shown in FIG. 3 was used to record random EFM signal repeatedly to the
phase-change optical discs and the fitter of the read-out random EFM signal
was measured. At this time, the linear velocity was 4.8 m/s, and the
recording power Ph, erasing power P 1 and cooling power Pc were set for a
n:~inimum fitter of the signal read out after recorded once. 



The above experiment showed that since the recording layer 4 having a
thickness of less than 18 nm in the phase-change optical disc 1 thus made
is weak, a high-powered laser beam of a recording power Ph of 15 mW cannot
be used to make repetitions of recording with respect to such a recording
layer 4. In a phasechange optical disc 1 with a recording layer 4 having a
thickness of more than 30 nm, the fitter of signal read out after recorded
repeatedly 10,000 times is over 12.S%, namely, the durability against
repeated recording is insufficient. Therefore, the recording layer 4 should
preferably be 18 to 30 nm. According to the present invention, the first
dielectric layer 3 is formed on the substrate 2. The dielectric layer 3 is
provided for protection of the recording layer 4 against oxidization as
well as for an amplification of laser beam due to a multi-interference.
23 December 2002 38 The first dielectric layer 3 is made of a material
selected fi om ZnS, SiO~, A12O3, Zr03, Ta205, Si3N4, SiNX, AlNx, Mo03, W03,
Zr02, BN, TiN, ZrN, PbFz, MgF2 and the like. One of the materials may be
singly used or more than one material may be used as a mixture. Among
others, the material for the first dielectric layer 3 should preferably
contain at least ZnS, and more preferably be ZnS-SiOz. Further, the first
dielectric layer 3 should preferably be 80 to 140 nm thick as will be
discussed below concerning the experiment results. First, the first
dielectric layer 3 of ZnS-Si02 was formed on the substrate 2 by sputtering.
At this time, the thickness of the first dielectric layer 3 was varied in a
range of 70 to 150 nm to make a plurality of substrates 2 having first
dielectric layers different in thickness from one to another. Next, a
recording layer 4 of GezSb2Te5 having a thickness of 25 nm was formed by
sputtering on each of the first dielectric layers 3 different in thickness
fi om one to another at a speed of 0.42 nm/s in an Ar gas atmosphere of
which the mixing ratio (N2 + p2)/Ar was 10% and mixing ratio Oz/(NZ + OZ)
was 20%. Next, a second dielectric layer 5 of ZnS-Si02 of 15 nrn and a
light-reflective layer 6 of A1 alloy having a thickness of 150 nm were
formed in this order by sputtering on each of the recording layers 4, and
thereafter a protective layer 7 was formed by applying an
ultraviolet-curable resin to the light-reflective layer 6, thereby forming
a phase-change optical disc 1.   23 December 2002 39 The phase-change
optical discs thus formed was initialized, and the groove reflectivity was
measured. Further, a lighting pattern as shown in FIG. 3 was used to record
random EFM signal repeatedly to the phase-change optical disc and the
fitter of the read-out random EFM signal was measured. At this time, the
linear velocity was 4. 8 m/s, and the recording power Ph, erasing power P l
and cooling power Pc were set for a minimum fitter of the signal read out
after recorded once. The above experiment showed that since the first
dielectric layer 3 having a thickness of less than 80 nm in a phase-change
optical disc 1 thus made shows a lower groove reflectivity, so that no
quality read signal can be obtained. In a phasechange optical disc 1 with a
first dielectric layer 3 having a thickness of more than 140 nm, the fitter
of signal read out after recorded repeatedly 10,000 times is over l2.5%,
namely, the durability against repeated recording is insufficient.
Therefore, the first dielectric layer 3 should preferably be 80 to 140 nm.
Note that the first dielectric layer 3 may be formed by a well-known method
such as a vapor deposition or sputtering method such as an ion beam
sputtering, DC sputtering, RF sputtering or the like. The second dielectric
layer 5 is formed, on the recording layer 4, from a 



similar material and in a similar manner to those for the first dielectric
layer 3. Similar to the first dielectric layer 3, the second dielectric
layer 5 is provided for protection of the recording layer 4 against
oxidization as well as for an amplification of laser begin due to a
mufti-interference.   23 December 2002 40 The second dielectric layer 5
should preferably be 10 to 30 mn thick. If the thickness of the second
dielectric layer 5 is under 10 nm, the heat developed by the laser beam is
easily conducted to the light-reflective layer 6 and deteriorates the
function of preventing water from penetrating from outside. If the second
dielectric layer 5 is thicker than 30 nm, the heat of the recording layer 4
of which the temperature is elevated by the laser beam is hardly conducted
to the light-reflective layer 6, so that the recording layer 4 will
remarkably be deteriorated as recording is repeatedly done to the
phase-change optical disc. The light-reflective layer 6 is formed on the
second dielectric layer 5. The light-reflective layer 6 reflects a light
incident from on the substrate 2 and serves also as a heat sink to prevent
the head fi om being excessively confined inside the recording layer 4. The
light-reflective layer 6 should preferably be made of a metallic, metalloid
or semiconductive element singly or in combination. It may be a metallic
element such as Al, Au, Ni, Fe) Cr or an alloy of them, for example. The
light-reflective layer 6 should preferably be 50 to 300 nm thick. If the
thickness is smaller than 50 nm, the light-reflective layer 6 will have a
structure from which the heat can hardly be dissipated, so that the
recording layer 4 will more early be deteriorated as recording is
repeatedly done to the phase-change optical disc. If the light-reflective
layer 6 is thicker than 300 nm, it needs a longer time for manufacture and
thus its productivity is lower. The light-reflective layer 6   23 December
2002 41 may be formed by a well-known method such as a vapor deposition or
sputtering method such as an ion beam sputtering, DC sputtering, RF
sputtering or the like. The protective layer 7 is formed on the
light-reflective layer 6. It is formed from an ultraviolet-curable resin
applied by the spin coating to the light-reflective layer 6, or from a
resin, glass or metal plate bonded to the light-reflective layer 6 with an
adhesive. A phase-change optical disc has been proposed in which two
substrates of 120t0.3mm in diameter and 0.6f0.03 mm are laminated to each
other, functional 



layers such as a recording layer are formed on either side of the laminated
substrates, track pitch is 0.8 + 0.01 pm, recording is made in grooves by
an optical system of which a ratio ~,/NA between the numerical aperture NA
and wavelength .1 of light source is (I.083 - 0.086) to (1.083 + 0.167) pm
and the recording capacity is 3.0 GB/side. The present invention is
suitably applicable to such a double-sided phase-change optical disc. The
phase-change optical disc 1 having the above-mentioned construction is
produced as will be described by way of example in the following: First, a
substrate 2 having predetermined grooves formed thereon is formed from
polycarbonate by injection molding. Then, a first dielectric layer 3 of ZnS
SiOz is formed on the substrate 2 by RF sputtering. Next, a recording layer
4 of GeSbTe alloy is formed by DC sputtering on the first dielectric layer
3. At this time, the GeSbTe alloy as a phase-change material is   23
December 2002 42 used to form the recording layer 4 by sputtering in an Ar
gas atmosphere containing NZ and OZ gases. The recording layer 4 should
preferably be formed at a speed X (nm/s) in the Ar gas atmosphere
containing the N2 and Oz gases of which the mixing ratio (NZ + OZ)/Ar
between the mixture of NZ and OZ gases and the Ar gas is Y (%) and the
mixing ratio OZ/(Nz + Oz) of the OZ gas with the mixture of NZ and OZ gases
is Z (%), the parameters X, Y and Z meeting the following relations (1) to
(3): Yz 2.3X + 1.0 .................................................... (1)
Ys 12.8X + 16.7 .................................................... (2)
lOsZ<60 ................................................... (3) Thus, in
the optical recording medium manufacturing method according to the present
invention, since the forming conditions for the recording layer 4 are
defined, the GeSbTe alloy forming the recording layer 4 is suitably
nitrided and oxidized. Thereby, the physical properties of the recording
layer 4 for the read/write are optimized and the durability against
repeated recording are further improved. Therefore, the optical recording
medium manufacturing method of the present invention is adapted to minuruze
the regional deterioration, such an increased fitter, of a signal read out
after recorded repeatedly a few tunes to tens of times and to provide a
quality signal read out even after recorded repeatedly more than tens of
thousands of dines. As a result, the optical recording medium of the
present invention can be provided which always keeps a stable and good
write/read   23 December 2002 43 characteristic even after repetitions of
signal recording. 



Note that the recording layer forming speed should preferably be over 0.1
nm/s and under 5.0 n.m/s. Thus, the optical recording medium manufacturing
method according to the present invention defines the recording layer
forniing speed as in the above to optimize the write/read characteristic of
the recording layer 4, thereby unplementing an optical recording medium
which keeps a good write/read characteristic even after repetitions of
signal recording. The recording layer 4 is formed fiom a composition of
GeShTe alloy falling in an area defined, in a ternary composition diagram
of the three elements Ge, Sb and Te, by four points including the points J
(26.0, 19.2, 54.8), K (21.0, 21.0, 58.0), L (14.3, 28.6, 57.1) and M (21.6,
24.4, 54.0). Since the recording layer 4 is formed from such a composition,
there is provided an optical recording medium in which the write/read
characteristic of the recording layer 4 is optimized so that deterioration
of a read signal after recorded repeatedly can be minimized. Next, a second
dielectric layer 5 of ZnS-Si02 is formed on the recording layer 4 by RF
sputtering. Then, a light-reflective layer 6 is formed on the second
dielectric layer 5 using an A1 target. Next, the light-reflective layer 6
is coated with an ultraviolet-curable resin by spin coating, thereby
finally producing a phase-change optical disc 1 according to the present
invention.   23 December 2002 44 It should be noted that to produce a
double-sided phase-change optical disc 10 as shown in FIG. 2, two pieces of
the above-mentioned phase-change optical disc 1 may be made and bonded to
each other with their light-reflective layers 6 facing each other with an
adhesive applied between the layers 6, by way of example. The phase-change
optical disc 1 having the construction having been described in the
foregoing will be initialized, and information signal is written, erased,
or read out with respect to the phase-change optical disc 1, as will be
discussed below. 



The phase-change optical disc I is composed of the first dielectric layer
3, recording layer 4, second dielectric layer 5, light-reflective layer 6
and the protective layer 7 formed in this order on the substrate 2 as
having previously been described. The phase-change optical disc 1 is
processed to initialize the recording layer 4. The initialization is such
that the recording layer having any information signal not yet written
thereon is processed to have a uniformly crystalline state. More
particularly, a predetermined laser beam is irradiated evenly on the entire
phase-change optical disc 1. At this tune, the recording layer 4 is heated
to a temperature below the melting point, and above the crystallization
point, of the phase-change material. Thereafter, the recording layer 4 is
cooled to a uniformly crystalline state. Thus, the recording layer 4 is
initialized.   23 December 2002 45 Information signal will be written,
erased or read out with respect to the initialized phase-change optical
disc 1 set in a disc drive and being spun at a predetermined linear
velocity. First, to record information signal to the phase-change optical
disc 1, a beam of a high-powered laser is focused onto the recording layer
4 fi om on the substrate 2. Thus, a portion of the recording layer 4 under
the focused spot of the laser beam is quickly heated to a higher
temperature than the melting point and then quickly cooled to get an
amorphous state. In the phase-change optical disc 1, information signal is
written as an amorphous recording mark on the crystalline recording layer
4. To erase information written in the phase-change optical disc 1, a
weaker laser than used for the write of information signal is focused at
least onto the recording mark from on the substrate 2. A portion of the
recording layer 4 under the focused spot of the laser beam is heated to a
temperature above the crystallization point and below the melting point and
then annealed to have a crystalline state irrespectively of its precedent
state. Namely, the amorphous recording mark as information signal is
changed to the crystalline phase, thereby erasing the information signal.
To read out information signal written on the phase-change optical disc I
in which information signal has been written and/or erased, a light beam
having a power low enough to cause no phase change in the recording layer 4
is focused   23 December 2002 46 onto the recording layer 4 from on the
substrate 2 and a return light of the incident light is detected. In the
phase-change optical disc 1, the reflectivity of the recording layer 4 in
the crystalline state is higher than that in the amorphous state.
Therefore, the disc drive will receive the return light from the recording
layer 4 to detect a difference in reflectivity between the crystalline and
amorphous states of the recording layer 4, thereby reproducing information
signal. Second embodiment Similar to the phase-change optical disc 1 shown
in FIG. 1, the phase-change 



optical disc according to the second embodiment of the present invention
comprises a substrate 2, first dielectric layer 3, recording layer 4,
second dielectric layer 5, light-reflective layer b and a protective layer
7 formed in this order on the substrate 2. The phase-change optical disc
according to the second embodiment is different only in the construction of
the recording layer 4 from the first embodiment, having been described in
the foregoing, while it comprises almost same component layers as the
substrate 2, first dielectric layer 3, second dielectric layer 5,
light-reflective layer 6 and the protective layer 7 of the phase-change
optical disc 1 of the first embodiment. Therefore, the other component
layers than the recording layer will not be described any longer but only
the recording layer 4 will be discussed below.   23 December 2002 47 The
recording layer 4 is formed fi om a phase-change material changeable in
state from crystalline to amorphous, or vice versa, under the focused spot
of a laser beam or the like. Namely, the recoding layer 4 is an optical
recording layer of which the phase can be changed under the focused spot of
laser beam to write, erase or read information signal. Specifically, the
phase-change material of the recording layer 4 in the present invention is
a calcogenide containing a GeSbTe alloy. The recording layer 4 should
preferably be 18 to 30 nm thick. It should be noted that the recording
layer 4 of the present invention should preferably be formed by sputtering
at a speed X (run/s) in an Ar gas atmosphere containing OZ gas of which the
mixing ratio OZ/Ar between the 02 and Ar gases is Y (%), the parameters X
and Y meeting the following relations (1) and (4): Yz 2.3X + 1.0
.................................................... (1) Y_< 5.5X + 2.7
.................................................... (4) Furthermore, the
recording layer forming speed X should preferably be over 0.1 nm/s and
under 5.0 nm/s. Namely, the speed X should preferably meet the following
relation (6): 0.1 s X s 5
.................................................... (6) 



Note that the mixing ratioOZ/Ar is a flow ratio between the 02 and Ar
gases, in other words, a volume ratio between OZ and Ar gases. 1. Recording
layer forming atmospheric conditions and speed X   23 December 2002 48 The
mixing ratio02/Ar of Y (%) between the Oz and Ar gases and the recording
layer forming speed X (mn/s) for forming the recording layer 4 in the
optical recording medium and in the optical recording medium manufacturing
method according to the present invention, are defined by the relations ( 1
), (4) and (6) as in the above for the reasons based on the following
experiment results having been conducted on the embodiments of the present
invention and comparative examples: 1-2 Relation between recording layer
forming atmospheric and read signnal characteristic First, a phase-change
optical disc was made as will be discussed below: First, a substrate 2 of
120 nm in diameter and 0.6 mm in thickness was made. Then a first
dielectric layer 3 of ZnS-SiOz having a thickness of 90 nm was formed on
the substrate 2 by sputtering. Next, a target of Ge2Sb2Te5 was used on the
first dielectric layer 3 and a recording layer 4 of GeSbTe having a
thickness of 25 nm was formed by sputtering at a speed of 0.42 nm/s in an
Ar gas atmosphere in which OZ gas was mixed. At this tune, in the Ar gas
atmosphere having mixed therein the OZ gas, the mixing ratio OZ/Ar was
varied within a range of 0 to 10 %, thereby making a plurality of
phase-change optical discs each having the recording layer formed under
different atmospheric conditions. Next, a second dielectric layer 5 of
ZnS-SiOz having a thickness of 15 run   23 December 2002 49 and a
light-reflective layer 6 of A1 alloy having a thickness of 150 nm were
formed in this order by sputtering on each of the recording layers 4 formed
under the different conditions, and then a protective layer 7 was formed on
the light-reflective layer 6 by applying an ultraviolet-curable resin, to
make a phase-change optical disc 1. Each type of the phase-change optical
discs 1 thus made was duplicated. The two phase-change optical discs 1 of
each type thus obtained were bonded to each other with their
light-reflective layers 6 facing each other with an adhesive 9 applied
between the layers 6. Finally, a double-sided phase-change optical disc 10
of 120 mm in diameter and I .2 mm in thickness as shown in FIG. 2 was made
in which write and record can be done with respect to both sides thereof.
Note that this phase-change optical discs 1 and 10 has a track pitch of
about 0.8 gm. Each of the plurality of phase-change optical discs made
under different recording layer forming conditions were initialized by
crystallizing the recording layers 4 under the focused spot of a
high-powered laser beam. 



Then, a lighting pattern as shown in FIG. 3 was used to record a random EFM
signal using a channel clock of 27.7 MHz on each of these initialized
phasechange optical discs. In FIG. 3, the recording power is indicated with
a reference Ph, erasing power is with a reference P 1, and the cooling
power is with a reference Pc. In the lighting pattern shown in FIG. 3, one
clock is indicated with 1T, and the pulse length of one lighting pulse is
with 13 ns.   23 December 2002 50 At this tune, a recording/reproducing
apparatus, or a disc drive, was used in which the linear velocity was 4.8
m/s, the recording power Ph is 140 rnW, the erasing power P I was 5.6 mW,
and the cooling power Pc was 1.5 mW. The disc drive is provided with a
laser which generates a laser beam of 650 nm in wavelength. Under these
conditions, a signal was recorded repeatedly 20,000 times to each of the
phase-change optical discs. Then, to evaluate the relation between the
mixing ratio between 02 and Ar gases used in forming the recording layer
and the characteristic of read signal, fitter of a signal read from each of
the phase-change optical discs after recorded repeatedly 20,000 tunes, was
measured. The measurement results are shown in FIG. 20 of which the
horizontal axis indicates the mixing ratio 02/Ar while the vertical axis
indicates the fitter of a signal read from the optical disc after recorded
repeatedly 20,000 tunes on a same recording track. As a correctable fitter,
12.5% is taken here as a reference value for an acceptable media. As seen
from the experiment results shown in FIG. 20, the fitter is the highest as
15.8% when the mixing ratio Oz/Ar is 0%, namely, when no OZ gas is
contained in the Ar gas. It decreases as the OZ content increases. The
fitter is the lowest when the mixing ratio OZ/Ar is 1.5 to 4 %. As the the
mixing ratio OZ/Ar is further increased, the fitter is also increased
gradually.   23 December 2002 51 Therefore, the experiment results showed
as seen fi om FIG. 20 that for the fitter of a signal read out after
recorded repeatedly to be under 12.5% at which a fitter can be corrected,
the recording layer should preferably be formed in an Ar gas atmosphere of
which the mixing ratio OZ/Ar is over 1.5%. 1-2 Relation between atmospheric
conditions for forming the recordinglayer and groove reflectivity Next, for
evaluation of the relation between atmospheric conditions including a
mixing ratio between 02 and Ar gases under which the recording layer is
formed and the groove reflectivity of each of the discs, the recording
layer was formed under varied atmospheric conditions and each phase-change
optical disc thus made was initialized. The groove reflectivity of each
phase-change optical disc was measured. The experiment results are shown in
FIG. 21 of which the horizontal axis indicates the mixing ratio Oz/Ar and
the vertical axis indicates the groove reflectivity. As seen from the
experiment results in FIG. 21, the groove reflectivity decreases
monotonously as the mixing ratio OZ/Ar is increased. When the mixing ratio
OZ/Ar is over 5.0%, the groove reflectivity is under 11%, so that no
sufficient read output or no satisfactory modulation is possible.
Therefore, it is apparent from the experunent results shown in FIG. 21 that
for a satisfactory signal modulation, the mixing ratio 02/Ar should be
under 5.0% in 



23 December 2002 52 the atmosphere in which the recording layer is formed.
1-3 Atmospheric conditions meeting both read signal characteristic and oove
reflectivity requirements As having been described in the above, the
experiment results shown in FIGS. 20 and 21 reveal that in the optical
recording medium and manufacturing method for the optical recording medium
according to the present invention, when the recording layer is formed at a
speed of 0.42 nm/s in an Ar gas atmosphere of which the mixing ratio OZ/Ar
should be 1.5 to 5.0 % in order to satisfy both the requirements for the
read signal fitter and groove reflectivity. FIGS. 20 and 21 show the
results of the experiments conducted on the optical discs having their
respective recording layers formed at the speed of 0.42 nm/s. Therefore, to
obtain similar read signal characteristics to those shown in FIGS. 20 and
21 when the recording layer forming speed varied, it is necessary to vary
the mixing ratio OZ/Ar as well. 1-4 Relation amonf_atmospheric conditions
with the recording layer forming speed changed. read signal characteristic
and groove reflectivity Next, a study was made on the mixing ratio OZ/Ar
meeting both the requirements for read signal fitter and groove
reflectivity when the recording layer forming speed was varied. First, a
double-sided optical disc was made under similar conditions to those in the
experiment of which the results are shown in FIG. 20 except that the
applied   23 December 2002 53 voltage to the target of Ge2SbzTes was
varied, recording layer forming speed was 0.1 nm/s and the mixing ratio
OZ/Ar was varied in a range of 0 to 5 %. As in the experiment of which the
results are shown n FIG. 20, the fitter of a signal read out after recorded
repeatedly 20,000 times to the optical disc was measured. The measurement
results are shown in FIG. 22. Also, the optical disc thus made was
initialized under the atmospheric conditions varied as in the above with
the recording layer forming speed of 0.1 nm/s. The groove reflectivity of
the optical disc after thus initialized was measured in the same manner as
in the experiment of which the results are shown in FIG. 21. The
measurement results are shown in FIG. 23. Similarly, a phase-change optical
disc was made by forming the recording layer at a speed of 1.6 nmls in an
Ar gas atmosphere of which the mixing ratio OZ/Ar was varied in a range of
0 to 20 %. The fitter of a signal read out after recorded repeatedly 20,000
times to the optical disc and groove reflectivity after the optical disc
was initialized, were measured. The measurement results are shown in FIGS.
24 and 25. Similarly, a phase-change optical disc was made by forming the
recording layer at a speed of 5.0 nrn/s in an Ar gas atmosphere of which
the mixing ratio OZ/Ar was varied in a range of 0 to 40 %. The fitter of a
signal read out after recorded repeatedly 20,000 tunes to the optical disc
and groove reflectivity after the optical disc was initialized, were
measured. The measurement results are shown in 



23 December 2002 54 FIGS.26 and 27. It was revealed from the experiment
results in FIGS. 23, 24 and 26 that in the optical discs having their
respective recording layers formed at the speeds of 0.1 nm/s, 1.6 nm/s and
5.0 nmls, respectively, the mixing ratios Oz/Ar resulting in a read signal
fitter ofunder 12.S% are over 1, 4 and 12 %, respectively. Also, as seen
from the experiment results in FIGS. 26) 27 and 28, in the optical discs
having their respective recording layers formed at the speeds of 0.1 nmls,
1.6 nm/s and 5.0 nm/s, respectively, the mixing ratios 02/Ar resulting in a
groove reflectivity of over 11% are below 3, 12 and 30 %, respectively. 1-5
Recording_layer firming conditions meeting; both read si nal characteristic
and groove reflectivit~r requirements As mentioned above, the experiment
results shown in FIGS. 20, 22, 24 and 26 reveal that in the optical discs
having their respective recording layers formed at the speeds of 0.42 nm/s,
0.1 nm/s, 1.6 nm/s and 5.0 nm/s, respectively, the mixing ratios 02/Ar
resulting in a read signal fitter of under 10% are 1.5, 1, 4 and 12 %,
respectively. The results are graphically illustrated in FIG. 28 with the
recording layer forming speed indicated along the horizontal axis and the
mixing ratio O~/Ar indicated along the vertical axis to define a straight
line a. In FIG. 28, the horizontal axis indicates the recording layer
forming speed X (nm/s) while the vertical axis indicates the mixing ratios
OZ/Ar as Y (%). The line a is expressed by Y = 2.3X + 1.0. In the area
under the line a, the read signal fitter   23 December 2002 55 is over
12.5% and thus no quality read signal can be provided. On the other hand,
as described in the foregoing, the experiment results shown in FIGS. 21,
23, 25 and 27 reveal that in the optical discs having their respective
recording layers formed at the speeds of 0.42 nm/s, 0.1 nmls, 1.6 nm/s and
5.0 nm/s, respectively, the mixing ratios OZ/Ar result in a groove
reflectivity of over 11% are S, 3, 12 and 30 %, respectively. The results
are graphically illustrated in FIG. 28 with the recording layer forming
speed indicated along the horizontal axis and the mixing ratio Oz/Ar
indicated along the vertical axis to define a straight line (3. The line (3
is expressed by Y = 5.5X + 2.7. In the area above the line ~3, the groove
reflectivity is under 11 % and thus no satisfactory signal modulation is
possible. If the recording layer forming speed X is higher than 5.0 nm/s,
it is too high to assure a recording layer forming time long enough to
adjust the recording layer thickness. If the speed X is slower than 0.1
nm/s, the recording layer forming takes a longer time, which is an
inconvenience for the practice of manufacture. Therefore, the recording
layer forming speed should preferably be 0.1 s X s 5.0 (relation (6)). As
evident from the foregoing description, the phase-change optical disc 1
according to the present invention should preferably have a recording layer
of GeSbTe formed by sputtering at a speed X (run/s) in an Ar gas atmosphere



23 December 2002 56 containing Oz gas of which the mixing ratio OZ/Ar
between the OZ and Ar gases is Y (%), the parameters X and Y meeting the
following relations ( 1 ) and (4). Thus the GeSbTe alloy forniing the
recording layer 4 will be suitably oxidized so that the write/read
characteristic of the recording layer 4 is optimized. As a result, the
phase-change optical disc 1 according to the present invention meets both
the requirements for the read signal fitter and groove reflectivity to
irrininuze the deterioration of a signal read out even after recorded
repeatedly and thus to always keep a good write/read characteristic. YZ
2.3X + 1.0 .................................................... (1) Ys 5.5X
+ 2.7 .................................................... (4) At this
time, the recording layer 4 should preferably be formed at a speed X of 0.1
s X s 5.0 as previously mentioned for the phase-change optical disc 1
according to the present invention. FIG. 15 is a ternary composition
diagram showing a composition of the material for the recording layer 4 for
use in the present invention. In the ternary composition diagram (of the
three elements Ge, Sb and Te), the GeSbTe alloy is a composition falling in
an area defined by four points including J (26.0, 19.2, 54.8), K (21.0,
21.0, 58.0), L (14.3, 28.6, 57.1) and M (21.6, 24.4, 54.0). 2. Composition
of phase-change material for the recording layer As mentioned in the
foregoing, the reason why the Ge-Sb-Te composition of the recording layer 4
is thus defined is based on the experiment results which will   23 December
2002 57 be described in detail below: 2-1 Composition on line
connecting_Ge5oTe5o and Sb~oTe~o in ternary composition diagram of three
elements Ge, Sb and Te First, a first dielectric layer 3 of ZnS-Si02 having
a thickness of 90 nm was formed on a substrate 2 by sputtering. Next, a
recording layer 4 of GeSbTe having a thickness of 25 nm was formed on the
first dielectric layer 3 by sputtering at a speed of 0.42 nm/s in an Ar 



gas atmosphere of which the mixing ratio OZ/Ar was 2.5%. At this time, the
recording layer 4 was formed by sputtering using a target of Ge2SbzTeS,
target of Ge and a target of Sb. First, consideration was made of a
phase-change optical disc having a recording layer made of a composition on
a straight line 11 connecting the points GeSOTeso and Sb4Te6 about the
point C (2, 2, 5) as shown in FIG. 16 being also a ternary composition
diagram of the Ge, Sb and Te elements. More specifically, the Ge2Sb2Te5
target was co-sputtered while the mixing ratio between the forming speeds
for the Ge and Te targets was being kept at 1, to form a recording layer 4
from a composition between points GeSOTeso and Ge2SbZTeS as in FIG. 16.
Then, a second dielectric layer 5 of ZnS-Si02 having a thickness of 15 run
and a light-reflective layer 6 of A1 alloy having a thickness of I 50 nm
were formed in this order by sputtering onto the recording layer 4, and
thereafter, an ultraviolet resin or similar was applied to the
light-reflective layer 6 to form a protective layer   23 December 2002 58
7, thereby providing a phase-change optical disc 1. Finally, two pieces of
this phase-change optical discs lwere produced. The two phase-change
optical discs 1 thus obtained were bonded to each other with their
light-reflective layers 6 facing each other with an adhesive applied
between the light-reflective layer 6, to provide a double-sided
phase-change optical disc of 120 mm in diameter and 1.2 mm in thickness.
Similarly, a phase-change optical disc was made of which only the recording
layer 4 was made of a different material from the above-mentioned. More
specifically, the GezSb2Te5, Ge and Te targets were co-sputtered while the
forming speeds for the Ge and Te targets were kept at 0.67 nm/s to form a
recording layer 4 made of a composition between points Sb4oTe6o and
GeZSbZTes as in FIG. 16. The lighting pattern shown in FIG. 3 was used to
record a signal repeatedly 20,000 times to the phase-change optical disc
thus having the recording layer 4 made of a composition on a straight line
11 under the similar conditions to those in the experiment of which the
results are shown in FIG. 20, and the fitter of the signal read out from
the phase-change optical disc was measured. The recorded signal was a
random EFM signal having a charuiel clock of 27.7 MHz. The measurement
results are shown in FIG. 29 of the horizontal axis indicates the mixing
ratio of Ge in a composition on the straight line 11 connecting points
Ge5oTe5o and Sb4oTebo and the vertical axis indicates the fitter of the
signal read out after recorded once. It should be noted that the points J,
L and C in FIG.   



23 December 2002 59 29 correspond to the points J (26.0, 19.2 , 54.8), L
(14.3, 28.6, 57.1 ) and C (2, 2, 5), respectively, in FIG. 15. As apparent
from the results shown in FIG. 29, when the recording layer 4 is made of a
composition having a larger Ge content than at the point J (26.0, 19.2,
54.8) in the ternary composition diagram of the elements Ge, Sb and Te, the
fitter is over 12.S%, and when the recording layer 4 is made of a
composition having a smaller Ge content than at the point L (l4.3, 28.6,
57.1), the fitter is over 12.5%. Therefore, the composition on the straight
Iine 1 I connecting the points GeSOTeso and Sb4oTebo should preferably be a
one on the line connecting the points J and L as shown in FIG. 15. 2-2
Composition having layer Te content than at point C~2. 2 5, in ternarX
composition diagram of elements GeySb and Te Next, a phase-change optical
disc was made which having a recording layer made of a composition having a
larger Te content than at the point C (2, 2, 5). More particularly,
Ge2Sb2Te5 and Te targets were co-sputtered to make a phasechange optical
disc having a recording layer 4 formed from a composition on a straight
line 12 from the point C. For the phase-change optical disc having the
recording layer 4 thus formed from the composition on the straight line 12,
the fitter of a signal read out after recorded repeatedly 20,000 tunes was
measured as in the experiment of which the results are shown in FIG. 29.
23 December 2002 60 The measurement results are shown in FIG. 30 of which
the horizontal axis indicates the mixing ratio of Te in the composition on
the straight line 12 connecting the points GeZSbzTes and Te and the
vertical axis indicate the fitter of a signal read out after recorded
20,000 times. It should be noted that the points C and K in FIG. 30
correspond to the points C (2, 2, 5) and K (21.0, 21.0, 58.0) shown in FIG.
15. As revealed from the results shown in FIG. 30, the recording layer 4
should preferably be formed from a composition on the line connecting the
points C (2, 2, 5) and K (21.0, 21.0, 58.0) as shown in FIG. 15 for the
fitter to be under 12.5%. 2-3 Composition having lamer Sb content than at
point C I2, 2. 5) in ternarX composition diagrram of elements Ge, Sb and Te
Next, a phase-change optical disc was made which having a recording layer
made of a composition having a larger Sb content than at the point C (2, 2,
5). More particularly, GezSbZTes and Sb targets were co-sputtered to make a
phasechange optical disc having a recording layer 4 formed fi om a
composition on a straight line 13 from the point C. For the phase-change
optical disc having the recording layer 4 thus formed from the composition
on the straight line 13, the fitter of a signal read out after recorded
repeatedly 20,000 times was measured as in the experiment of which the
results are shown in FIG. 29. The measurement results are shown in FIG. 31
of which the horizontal axis   23 December 2002 



61 indicates the mixing ratio of Sb in the c~rnposition on the straight
line 13 connecting the points GezSbZTes and Sb and the vertical axis
indicate the fitter of a signal read out after recorded repeatedly 20,000
times. It should be noted that the points M and C in FIG. 31 correspond to
the points M (21.6, 24.4, 54.0) and C (2, 2, 5) shown in FIG. 15. As
revealed fiom the results shown in FIG. 31, the recording layer 4 should
preferably be formed fi om a composition on the line connecting the points
M (21.6, 24.4, S 4.0) and C (2, 2, S ) as shown in FIG. 15 for the j fitter
to b a under 12. 5 %. 2-4 Suitable composition for the recording layer in
the present invention The aforementioned results showed that the
composition of the GeSbTe alloy as the material of the recording layer in
the phase-change optical disc 1 according to the present invention should
preferably fall in an area defined the four points including J (26.0, 19.2,
S4.8), K (21.0, 21.0, 58.0), L ( 14.3, 28.6, 57.1 ) and M (21.6,24 . 4,
54.0) as shown in FIG. 15. Since the composition of a phase-change material
for the recording layer 4 in the phase-change optical disc 1 of the present
invention is defined as in the above, and write/read characteristic of the
recording layer 4 is optimized, the durability against repeated recording
is unproved, and deterioration of signal read out after recorded repeatedly
is minimized, thus effectively assuring a quality of a signal read out
after recorded repeatedly. The recording layer 4 in the present invention
should preferably be 18 to 30   23 December 2002 62 nm for the reasons
based on the following experiment results: First, a first dielectric layer
3 of ZnS-Si02 having a thickness of 90 nm was formed on a substrate 2 by
sputtering. Then, a recording layer of Ge2Sb2Te5 was formed on the first
dielectric layer 3 by sputtering at a speed of 0.42 nm/s in an Ar gas
atmosphere of which the mixing ratio (NZ + OZ)/Ar was 2.5%. The recording
layer 4 was formed with the thickness varied in a range of 15 to 40 nm, and
thus there were made a plurality of substrates 2 with the recording layers
4 different in thickness fi om one to another. Next, a second
dielectriclayer 5 of ZnS-Si02 having a thickness of 15 nm and a
light-reflective layer 6 of A1 alloy having a thickness of 150 nm were
formed in this order by sputtering on each of the recording layers 4
different in thickness from one to another, thereby forming a phase-change
optical disc I. The plurality of phase-change optical discs thus formed
with the recording layers 4 different in thickness from one to another were
initialized, and a lighting pattern as shown in FIG. 3 was used to record
random EFM signal repeatedly to the phase-change optical discs and the
fitter of the read-out random EFM signal was measured. At this time, the
linear velocity was 4.8 m/s, and the recording power Ph, erasing power P 1
and cooling power Pc were set for a minimum j fitter of the signal read out
after recorded once. The above experiment showed that since the recording
layer 4 having a thickness of less than 18 nm in the phase-change optical
disc 1 thus made is weak, a   



23 December 2002 63 high-powered laser beam of a recording power Ph of 15
mW cannot be used to make repetitions of recording with respect to such a
recording layer 4. In a phasechange optical disc 1 with a recording Iayer 4
having a thickness of more than 30 nm, the fitter of signal read out after
recorded repeatedly 20,000 times is over 12.5%, namely, the durability
against repeated recording is insufficient. Therefore, the recording layer
4 should preferably be 18 to 30 mn. The phase-change optical disc 1 having
the above-mentioned construction is produced as will be described by way of
example in the following: First, a substrate 2 having predeterniined
grooves formed thereon is formed from poiycarbonate by inj ection molding.
Then, a first dielectric layer 3 of ZnSSi02 is formed on the substrate 2 by
RF sputtering. In the phase-change optical disc 1 according to the present
invention, the first dielectric layer 3 should preferably be 70 to 130 nrn
thick. If the first dielectric layer 3 is thinner than 70 nm, the groove
reflectivity will be low, so that no Buff cient read signal can be
provided. If the first dielectric layer 3 is thicker than 130 nm, the
fitter of a signal read out after recorded repeatedly 20,000 times is
higher than 12.5%, so that the durability against repeated recording is
insufficient. Therefore, the first dielectric layer 3 should preferably be
70 to 130 nm thick so that a sufficient read signal and durability against
repeated recording can be assured. Next, a recording layer 4 is formed on
the first dielectric layer 3 by DC   23 December 2002 64 sputtering. In the
manufacturing 'method according to the present invention, the recording
layer 4 is formed fi om a GeSbTe alloy as the phase-change material at a
speed X (nm/s) in an Ar gas atmosphere containing OZ gas of which the
mixing ratio Oz/Ar is Y(%), the parameters X and Y should preferably meet
the following relations (1) and (4): YZ 2.3X + 1.0
.................................................... (1) Ys 5.5X + 2.7
.................................................... (4) Thus, in the
optical recording medium manufacturing method according to the present
invention, since the forming conditions for the recording layer 4 are
defined, the GeSbTe alloy forming the recording layer 4 is suitably
oxidized. Thereby, the physical properties of the recording layer 4 are
optimized for repeated recording and the durability against repeated
recording are further improved. Therefore, the optical recording medium can
be provided which is adapted to nvnimize the regional deterioration of a
signal read out after recorded repeatedly many times and to always keep a
good write/read characteristic. Note that the recording layer forming speed
should preferably be over 0.1 nm/s and under 5.0 nm/s. Thus, the optical
recording medium manufacturing method according to the present invention
defines the recording layer fonning speed as in the above to optimize the
write/read characteristic of the recording layer 4, thereby providing an
optical recording mediwn which keeps a good write/read characteristic even
after repetitions of signal recording.   23 December 2002 



65 The recording layer 4 is formed from a composition of GeSbTe alloy
falling in an area defined, in a ternary composition diagram of the three
elements Ge, Sb and Te, by four points including the points J (26.0, l9.2,
S4.8), K (21.0, 2I.0, 58.0), L (14.3, 28.6, 57.I) and M (21.6, 24.4, 54.0).
Since the recording layer 4 is formed fi-om such a composition, there is
provided an optical recording medium in which the write/read characteristic
of the recording layer 4 is optimized so that deterioration of a read
signal after recorded repeatedly can be miriirnized. Next, a second
dielectric layer 5 is formed on the recording layer 4 by RF sputtering.
Then, a light-reflective layer 6 is formed on the second dielectric layer 5
using an A1 target. Next, the light-reflective layer 6 is coated with an
ultraviolet-curable resin by spin coating, thereby finally producing a
phase-change optical disc 1 according to the present invention. It should
be noted that to produce a double-sided phase-change optical disc 10 as
shown in FIG. 2, two pieces of the above-mentioned phase-change optical
disc 1 may be made and bonded to each other with their light-reflective
layers 6 facing each other with an adhesive applied between the layers 6,
by way of example. Third embodunent Similar to the phase-change optical
disc 1 shown in FIG. 1, the phase-change   23 December 2002 



66 optical disc according to the second embodiment of the present invention
comprises a substrate 2, first dielectric layer 3, recording layer 4,
second dielectric layer 5, light-reflective layer 6 and a protective layer
7 formed in this order on the substrate 2. The phase-change optical disc
according to the second embodiment is different only in the construction of
the recording layer 4 from the first embodiment, having been described in
the foregoing, while it comprises alinost same component layers as the
substrate 2, first dielectric layer 3, second dielectric layer 5,
light-reflective layer 6 and the protective layer 7 of the phase-change
optical disc 1 of the first embodiment. Therefore, the other component
layers than the recording layer will not be described any longer but only
the recording layer 4 will be discussed below. The recording layer 4 is
formed from a phase-change material changeable in state fiom crystalline to
amorphous, or vice versa, under the focused spot of a laser beam or the
like. Namely, the recoding layer 4 is an optical recording layer of which
the phase can be changed under the focused spot of laser beam to write,
erase or read information signal. Specifically, the phase-change material
of the recording layer 4 in the present invention is a calcogenide
containing a GeSbTe alloy. The recording layer 4 should preferably be 18 to
30 nm thick. It should be noted that the recording layer 4 of the present
invention should   23 December 2002 67 preferably be formed by sputtering
at a speed X (nm/s) in an Ar gas atmosphere containing NZ gas of which the
mixing ratio NZ/Ar between the N2 and Ar gases is Y (%), the parameters X
and Y meeting the following relations (2) and (5): Ys 12.8X + 16.7
.................................................... (2) YZ 1.8X + 5.0
.................................................... (5) Furthermore, the
recording layer forming speed X should preferably be over 0.1 nm/s and
under 5.0 nm/s. Namely, the speed X should preferably meet the following
relation (6): 0.1 s X s 5
.................................................... (6) Note that the
mixing ratio NZ/Ar is a flow ratio between the NZ and Ar gases, in other
words, a volume ratio between NZ and Ar gases. 1. Recording layer
forming-atmospheric conditions and seed X The mixing ratioNz/Ar of Y (%)
between the Nz and Ar gases and the recording layer forning speed X (nm/s)
for forning the recording layer 4 in the optical recording medium and in
the optical recording medium manufacturing method according to the present
invention, are defined by the relations (2), (5) and (6) as in the above
for the reasons based on the following experiment results having been
conducted on the embodunents of the present invention and comparative
examples: 1-2 Relation between recordin~la~~r fonnin~ atmospheric
conditions and read sigmal characteristic  



23 December 2002 68 First, a phase-change optical disc was made as will be
discussed below: First, a substrate 2 of 120 run in diameter having a
thickness of 0.6 mm was made. Then a first dielectric layer 3 of ZnS-Si02
having a thickness of 120 nm was formed on the substrate 2 by sputtering.
Next, a target of Ge2SbZTeS was used on the first dielectric layer 3 and a
recording layer 4 of GeSbTe having a thickness of 25 nm was formed by
sputtering at a speed of 0.42 nm/s in an Ar gas atmosphere in which Nz gas
was mixed. At this time, in the Ar gas atmosphere having mixed therein the
Nz gas-, the mixing ratio NZ/Ar was varied within a range of 0 to 20 %,
thereby making a plurality of phase-change optical discs each having the
recording layer formed under different atmospheric conditions. Next, a
second dielectric layer 5 of ZnS-SiOz having a thickness of 15 nm and a
light-reflective layer 6 of Al alloy having a thickness of 150 nm were
formed in this order by sputtering on each of the recording layers 4 formed
under the different conditions, and then a protective layer 7 was formed on
the light-reflective layer 6 by applying an ultraviolet-curable resin, to
make a phase-change optical disc 1. Each type of the phase-change optical
discs 1 thus made was duplicated. The two phase-change optical discs 1 of
each type thus obtained were bonded to each other with their
light-reflective layers 6 facing each other with an adhesive 9   



23 December 2002 69 applied between the layers 6. Finally, a double-sided
phase-change optical disc 10 as shown in FIG. 2 was made in which write and
record can be done with respect to either thereof. Note that this
phase-change optical discs 1 and 10 has a recording capacity of 3.0 GB per
side and a txack pitch of about 0.8 pm. Each of the plurality of
phase-change optical discs made under different recording layer forn~ing
conditions were initialized by crystallizing the recording layers 4 under
the focused spot of a high-powered laser beam. Then, a lighting pattern as
shown in FIG. 3 was used to record a random EFM signal using a channel
clock of~27.7 MHz on each of these initialized phasechange optical discs.
In FIG. 3, the recording power is indicated~with a reference Ph, erasing
power is with a reference P l, and the cooling power is with a reference
Pc. In the lighting pattern shown in FIG. 3, one clock is indicated with 1
T, and the pulse length of one lighting pulse is with 13 ns. At this time,
a recording/reproducing apparatus, or a disc drive, was used in which the
linear velocity was 4.8 m/s, the recording power Ph is 14.5 mW, the erasing
power P 1 was 5.8 mW, and the cooling power Pc was 1.5 mW. The disc drive
is provided with a laser which generates a Laser beam of 650 nm in
wavelength. Under these conditions, a signal was recorded repeatedly 2
times to each of the phase-change optical discs. Then, to evaluate the
relation between the mixing ratio between NZ and Ar   23 December 2002 70
gases used in forming the recording layer and the characteristic of read
signal, fitter of a signal read from each of the phase-change optical discs
after recorded repeatedly 2 times, was measured. The measurement results
are shown in FIG. 32 of which the horizontal axis indicates the mixing
ratio Nz/Ar while the vertical axis indicates the fitter of a signal read
from the optical disc after recorded repeatedly 2 times on a same recording
track. As a correctable fitter, 10% is taken here as a reference value for
an acceptable media. In the above-mentioned experiment, the fitter of a
signal read out after recorded repeatedly 2 times was measured for the
following reasons. That is, the fitter of a signal read after recorded 2
tunes is normally the highest and it tends to decrease gradually down to
the 10,000th repetition of recording. That is why the fitter was measured
on a signal read out after recorded repeatedly 2 times. As seen from the
experiment results shown in FIG. 32, the fitter is the highest as 12.7%
when the mixing ratio N2/Ar is 0%, namely, when no NZ gas is contained in
the Ar gas. It decreases as the NZ content increases. The fitter is the
lowest when the mixing ratio N2/Ar is 6 to 10 %. As the the mixing ratio
N2/Ar is further increased, the fitter is also increased gradually.
Therefore, the experiment results showed as seen from FIG. 32 that for the
fitter of a signal read out after recorded repeatedly to be under 10% at
which a good read signal is obtained, the recording layer should preferably
be formed in an Ar 



23 December 2002 71 gas atmosphere of which the mixing ratio NZ/Ar is over
6%. 1-2 Relation between recording layer forming atmospheric conditions and
oove reflectivity Next, for evaluation of the relation between atmospheric
conditions including a mixing ratio between Nz and Ar gases under which the
recording layer is formed and the groove reflectivity of each of the discs,
the recording layer was formed under varied atmospheric conditions and each
phase-change optical disc thus made was initialized. The groove
reflectivity of each phase-change optical disc was measured. The experiment
results are shown in FIG. 33 of which the horizontal axis indicates the
mixing ratio NZ/Ar and the vertical axis indicates the groove reflectivity.
As seen fi-om the experiment results in FIG. 33, the groove reflectivity
decreases monotonously as the mixing ratio NZ/Ar is increased. When the
mixing ratio NZ/Ar is over 21%, the groove reflectivity is under 11%, so
that no satisfactory modulation is possible. Therefore, it is known from
the experiment results shown in FIG. 33 that for a satisfactory signal
modulation, the mixing ratio NZ/Ar should be under 21 % in the atmosphere
in which the recording layer is formed. 1-3 Atmospheric conditions meeting
both read si~,enal characteristic and oove reflectivity reguirements  



23 December 2002 72 As having been described in the above, the experiment
results shown in FIGS. 32 and 33 reveal that in the optical recording
medium and manufacturing method for the optical recording medium according
to the present invention, when the recording layer is formed at a speed of
0.42 nm/s in an Ar gas atmosphere of which the mixing ratio NZ/Ar should be
6 to 21 % in order to satisfy both the requirements for the read signal
fitter and groove reflectivity. FIGS. 32 and 33 show the results of the
experiments conducted on the optical discs having their respective
recording layers formed at the speed of 0.42 nm/s. Therefore, to obtain
similar read signal characteristics to those shown in FIGS. 32 and 33 when
the recording layer forming speed varied, ~it is necessary to vary the
mixing ratio NZ/Ar as well. 1-4 Relation among atmospheric conditions with
the recording_layer forming speed changed read signal characteristic and
groove reflectivity Next, a study was made on the mixing ratio N2/Ar
meeting both the requirements for read signal fitter and groove
reflectivity when the recording layer forming speed was varied. First, a
double-sided optical disc was made under similar conditions to those in the
experiment of which the results are shown in FIG. 32 except that the
applied voltage to the target of Ge2Sb2Te5 was varied, recording layer
fonning speed was 0.1 nm/s and the mixing ratio N2/Ar was varied in a range
of 0 to 20 %. As in the experiment of which the results are shown n FIG.
32) the fitter of a signal read out   23 December 2002 73 after recorded
repeatedly 2 times to the optical disc was measured. The measurement
results are shown in FIG. 34. Also, the optical disc thus made was
initialized under the atmospheric conditions varied as in the above with
the recording layer forming speed of 0.1 nm/s. The groove reflectivity of
the optical disc after thus initialized was measured in the same manner as
in the experiment of which the results are shown in FIG. 33. The
measurement results axe shown in FIG. 35. Similarly, a phase-change optical
disc was made by forming the recording layer at a speed of 1.6 nmls in an
Ar gas atmosphere of which the mixing ratio NZ/Ar was varied as in the
above. The fitter of a signal read out after recorded repeatedly 2 times to
the optical disc and groove reflectivity after the optical disc was
initialized, were measured. The measurement results are shown in FIGS. 36
and 37. Similarly, a phase-change optical disc was made by fonning the
recording layer at a speed of 5.0 nm/s in an Ar gas atmosphere of which the
mixing ratio Nz/Ar was varied as in the above. The fitter of a signal read
out after recorded repeatedly 2 times to the optical disc and groove
reflectivity after the optical disc was initialized, were measured. The
measurement results are shown in FIGS.38 and 39. It was revealed fiom the
experiment results in FIGS. 34, 36 and 38 that in the optical discs having
their respective recording layers formed at the speeds of 0.1   



23 December 2002 74 nm/s, 1.6 nm/s and 5.0 runs, respectively, the mixing
ratios NZ/Ar resulting in a read signal fitter of under 10% at which a good
rad signal can be obtained are over 5, 8 and 14 %, respectively. Also, as
seen from the experiment results in FIGS. 35, 37 and 39, in the optical
discs having their respective recording layers formed at the speeds of 0.1
nm/s, 1.6 nm/s and 5.0 nmls, respectively, the mixing ratios NZ/Ar
resulting in a groove reflectivity of over 11% are below 17, 40 and 80 %,
respectively. 1-5 Recording layer forming conditions meeting both read
signal characteristic and groove reflectivi , reduirements As mentioned
above, the experiment results shown in FIGS. 32, 34, 36 and 38 reveal that
in the optical discs having their respective recording layers formed at the
speeds of 0.42 nm/s, 0.1 nm/s, 1.6 nm/s and 5.0 nm/s, respectively, the
mixing ratios NZ/Ar resulting in a read signal fitter of under 10% are 6,
5, 8 and 14 %, respectively. The results are graphically illustrated in
FIG. 40 with the recording layer forming speed indicated along the
horizontal axis and the mixing ratio NZ/Ar indicated along the vertical
axis to define a straight line a. In FIG. 40, the horizontal axis indicates
the recording layer forming speed X (ncn/s) while the vertical axis
indicates the mixing ratios Nz/Ar as Y (%). The line a is expressed by Y =
1.8X + 5.0. In the area under the line a, the read signal fitter is over
10% and thus no quality read signal can be provided. On the other hand, as
described in the foregoing, the experiment results   23 December 2002 75
shown in FIGS. 33, 35, 37 and 39 reveal that in the optical discs having
their respective recording layers formed at the speeds of 0.42 nm/s, 0.1
nm/s, 1.6 nm/s and 5.0 nm/s, respectively, the mixing ratios NZ/Ar result
in a groove reflectivity of over 11% are 21, 17, 40 and 80 %, respectively.
The results are graphically illustrated in FIG. 40 with the recording layer
forming speed indicated along the horizontal axis and the mixing ratio
N2/Ar indicated along the vertical axis to define a straight line (3. The
line ~3 is expressed by Y = 12.8X + 16.7. In the area above the line (3,
the groove reflectivity is under 11 % and thus no satisfactory signal
modulation is possible. If the recording layer forming speed X is higher
than 5.0 nm/s, it is too high to assure a recording layer forming tune long
enough to adjust the recording layer thickness. If the speed X is slower
than 0.1 nm/s, the recording layer forming takes a longer time, which is an
inconvenience for the practice of manufacture. Therefore, the recording
layer forming speed should preferably be 0.1 s X s 5.0 (relation (6)). As
evident from the foregoing description, the phase-change optical disc 1
according to the present invention should preferably have a recording layer
of GeSbTe formed by sputtering at a speed X (nm/s) in an Ar gas atmosphere
containing NZ gas of which the mixing ratio Nz/Ar between the Nz and Ar
gases is Y (%), the parameters X and Y meeting the following relations (2)
and (5). Thus the   



23 December 2002 76 GeSbTe alloy forming the recording layer 4 will be
suitably nitrated so that the write/read characteristic of the recording
layer 4 is optimized. As a result, the phase-change optical disc 1
according to the present invention meets both the requirements for the read
signal fitter and groove reflectivity to minimize the deterioration of a
signal read out even after recorded repeatedly and thus to always keep a
stable write/read characteristic. Ys 12.8X + 16.7
.................................................... (2) YZ 1.8X + 5.0
.................................................... (S) At this time, the
recording layer 4 should preferably be formed at a speed X of 0.1 _< X s
S.0 as previously mentioned for the phase-change optical disc 1 according
to the present invention. FIG. 1 S is a ternary composition diagram showing
a composition of the material for the recording layer 4 for use in the
present invention. In the ternary composition diagram (of the three
elements Ge, Sb and Te), the GeSbTe alloy is a composition falling in an
area defined by four points including J (26.0, 19.2, S4.8), K (21.0, 21.0,
S8.0), L (l4.3, 28.6, 57.1) and M (2l.6, 24.4, S4.0). 2. Composition of
phase-chance material for the recording lager As mentioned in the
foregoing, the reason why the Ge-Sb-Te composition of the recording layer 4
is thus defined is based on the experiment results which will be described
in detail below: 2-1 Composition on line connecting GeSOTeso and Sb~oTe,.o
in ternary   23 December 2002 composition diagram of three elements Ge, Sb
and Te First, a first dielectric layer 3 of ZnS-Si02 having a thickness of
120 nm was formed on a substrate 2 by sputtering. Next, a recording layer 4
of GeSbTe having a thickness of 25 nm was formed on the first dielectric
layer 3 by sputtering at a speed of 0.42 nmls in an Ar gas atmosphere of
which the mixing ratio Nz/Ar was 10%. At this time, the recording layer 4
was formed by sputtering using a target of GezSbzTes, target of Ge and a
target of Sb. First, consideration was made of a phase-change optical disc
having a recording layer made of a composition on a straight line 11
connecting the points GeSOTeso and Sb4oTebo about the point C (2, 2, 5) as
shown in FIG. 16 being also a ternary composition diagram of the Ge, Sb and
Te elements. More specifically, the Ge2Sb2Te5 target was co-sputtered while
the mixing ratio between the forming speeds for the Ge and Te targets was
being kept at l, to form a recording layer 4 from a composition between
points GeSOTeso and Ge2Sb2Te5 as in FIG. 16. Then, a second dielectric
layer 5 of ZnS-Si02 having a thickness of 15 nm and a light-reflective
layer 6 of A1 alloy having a thickness of 150 nm were formed in this order
onto the recording layer 4 by sputtering, and thereafter, an ultraviolet
resin or si.inilar was applied to the light-reflective layer 6 to form a
protective layer 7, thereby providing a phase-change optical disc 1.
Finally) two pieces of tlus phase-change optical discs lwere produced. The 



23 December 2002 78 two phase-change optical discs 1 thus obtained were
bonded to each other with their light-reflective layers 6 facing each other
with an adhesive applied between the light-reflective layer 6, to provide a
double-sided phase-change optical disc of 120 mm in diameter and 1.2 mm in
thickness. Similarly, a phase-change optical disc was made of which only
the recording layer 4 was made of a different material from the
above-mentioned. More specifically, the Ge2Sb2Te5, Sb and Te targets were
co-sputtered while the forming speeds for the Sb and Te targets were kept
at 0.67 nm/s to form a recording layer 4 made of a composition between
points Sb4oTebo and Ge2Sb2Te5 as in FIG. 16. The lighting pattern shown in
FIG. 3 was used to record a signal once to the phase-change optical disc
thus having the recording layer 4 made of a composition on a straight line
11 under the similar conditions to those in the experiment of which the
results are shown in FIG. 32, and the fitter of the signal read from the
phase-change optical disc was measured. The recorded signal was a random
EFM signal. The measurement results are shown in FIG. 41 of the horizontal
axis indicates the mixing ratio of Ge in a composition on the straight line
11 connecting points GeSOTeso and Sb4oTebo and the vertical axis indicates
the fitter of the signal read out after recorded once. It should be noted
that the points J, L and C in FIG. 41 correspond to the points J (26.0,
l9.2 , 54.8), L (l4.3, 28.6, 57.1) and C (2, 2, 5), respectively, in FIG.
15.   23 December 2002 79 As apparent from the results shown in FIG. 41,
when the recording layer 4 is made of a composition having a larger Ge
content than at the point J (26.0, 19.2, 54.8) in the ternary composition
diagram of the elements Ge, Sb and Te, the fitter is over 10%, and when the
recording layer 4 is made of a composition having a smaller Ge content than
at the point L (14.3, 28.6, 57.1), the fitter is over 10%. Therefore, the
composition on the straight line 11 connecting the points GeSOTeso and
Sb4oTebo should preferably be a one on the line connecting the points J and
L as shown in FIG. 15. 2-2 Composition having larr~er Te content than at
point C (2. 2, 5~in ternarX composition diagram of elements Ge. Sb and Te
Next, a phase-change optical disc was made which having a recording layer
made of a composition having a larger Te content than at the point C (2, 2,
5). More particularly, Ge2Sb2Te5 and Te targets were co-sputtered to make a
phasechange optical disc having a recording layer 4 formed from a
composition on a straight line 12 from the point C. For the phase-change
optical disc having the recording layer 4 thus formed from the composition
on the straight line 12, the fitter of a signal read out after recorded
once was measured as in the experiment of which the results are shown in
FIG. 41. The measurement results are shown in FIG. 42 of which the
horizontal axis indicates the mixing ratio of Te in the composition on the
straight line 12  



23 December 2002 80 read signal. It should be noted that the points C and K
in FIG. 42 correspond to the points C (2, 2, 5) and K (2l.0, 21.0) 58.0)
shown in FIG. 15. As revealed from the results shown in FIG. 42, the
recording layer 4 should preferably be formed fi om a composition on the
line connecting the points C (2, 2, 5) and K (21.0, 21.0) 58.0) as shown in
FIG. 15. 2-3 Composition havinlarger Sb content than at point C 2 2 5, in
ternary composition dia~;ram of elements Ge. Sb and Te Next, a phase-change
optical disc was made which having a recording layer made of a composition
having a larger Sb content than at the point C (2, 2, 5). More
particularly, GezSb2Te5 and Sb targets were co-sputtered to make a
phasechange optical disc having a recording layer 4 formed from a
composition on a straight line 13 from the point C. For the phase-change
optical disc having the recording layer 4 thus formed fi om the composition
on the straight line 13, the fitter of a signal read out after recorded
repeatedly 20,000 times was measured as in the experiment of which the
results are shown in FIG. 41. The measurement results are shown in FIG. 43
of which the horizontal axis indicates the mixing ratio of Sb in the
composition on the straight line 13 connecting the points Ge2SbiTes and Sb
and the vertical axis indicate the fitter of a read signal. It should be
noted that the points M and C in FIG. 43 correspond to the points M (21.6,
24.4, 54.0) and C (2, 2) 5) shown in FIG.   23 December 2002 81 15. As
revealed fi om the results shown in FIG. 43, the recording layer 4 should
preferably be formed from a composition on the line connecting the points M
(21.6, 24.4, 54.0) and C (2, 2, 5) as shown in FIG. 15. 2-4 Suitable
composition for the recording leer in the present invention The
aforementioned results showed that the composition of the GeSbTe alloy as
the material of the recording layer in the phase-change optical disc 1
according to the present invention should preferably fall in an area
defined the four points including J (26.0, 19.2, S4.8), K (21.0, 21.0,
58.0), L (14.3, 28.6, 57.1) and M (21.6, 24.4, 54.0) as shown in FIG. 15.
Since the composition of a phase-change material for the recording layer 4
in the phase-change optical disc 1 of the present invention is defined as
in the above, and write/read characteristic of the recording layer 4 is
optimized, the durability against repeated recording is improved, and thus
deterioration of read signal is minimized. As a result, the phase-change
optical disc 1 always keeps a stable write/read characteristic even after
repetitions of signal recording. The recording layer 4 in the present
invention should preferably be 18 to 30 nm for the reasons based on the
following experiment results: 



First, a first dielectric layer 3 of ZnS-Si02 having a thickness of 120 run
was formed on a substrate 2 by sputtering. Then, a recording layer of
GeZSb2Te5 was formed on the first dielectric layer   23 December 2002 82 3
by sputtering at a speed of 0.42 nm/s in an Ar gas arinosphere of which the
mixing ratioN2 /Ar was 10%. The recording layer 4 was formed with the
thickness varied in a range of 15 to 40 nm, and thus there were made a
plurality of substrates 2 with the recording layers 4 different in
thickness fxom one to another. Next, a second dielectric layer 5 of
ZnS-Si02 of 15 nm and a light-reflective layer 6 of A1 alloy having a
thickness of 150 nm were formed in this order by sputtering on each of the
recording layers 4 different in thickness from one to another and
thereafter a protective layer was formed on the light-reflective layer by
applying an ultraviolet-curable resin to the light-reflective layer,
thereby forming a phase-change optical disc 1. The plurality of
phase-change optical discs thus formed with the recording layers 4
different in thickness fi om one to another were initialized, and a
lighting pattern as shown in FIG. 3 was used to record random EFM signal to
the phasechange optical discs and the fitter of the read-out random EFM
signal was measured. At this time, the linear velocity was 4.8 m/s, and the
recording power Ph, erasing power P 1 and cooling power Pc were set for a
minimum fitter of the signal read out after recorded once. The above
experunent results showed that since the recording layer 4 having a
thickness of less than 18 nm in the phase-change optical disc 1 thus made
is weak, a high-powered laser beam of a recording power Ph of 1 S mW cannot
be used to make repetitions of recording with respect to such a recording
layer 4. In a phase   23 December 2002 83 change optical disc I with a
recording layer 4 having a thickness of more than 30 nm, the fitter of
signal read out after xecorded repeatedly 10,000 tunes is over l2.5%,
namely, the durability against repeated recording is insufficient.
Therefore, the recording layer 4 should preferably be 18 to 30 nm. The
phase-change optical disc 1 having the above-mentioned construction is
produced as will be described by way of example in the following: First, a
substrate 2 having predetermined grooves formed thereon is formed from
polycarbonate by injection molding. Then, a first dielectric layer 3 of
ZnSSi02 is formed on the substrate 2 by RF sputtering. Next, a recording
layer 4 is formed on the first dielectric layer 3 by DC sputtering. In the
manufacturing method according to the present invention, the recording
layer 4 is formed from a GeSbTe alloy as the phase-change material at a
speed X (nm/s) in an Ar gas atmosphere containing Nz gas of which the
mixing ratio Nz/Ar is Y(%), the parameters X and Y should preferably meet
the following relations (2) and (5): Ys12.8X+16.7
....................................................(2) Yz 1.8X + 5.0
............................. ...................... (5) 



Thus, in the optical recording medium manufacturing method according to the
present invention, since the fonning conditions for the recording layer 4
are defined, the GeSbTe alloy fonning the recording layer 4 is suitably
nitrated. Thereby, the write/read characteristic of the recording layer 4
are optunized. As a   23 December 2002 84 result, in the manufacturing
method for the optical recording medium according to the present invention,
deterioration of read signal after recorded repeatedly can be minimized.
Namely, the present invention can provide an optical recording medium
capable of always keeping a stable write/read characteristic even after
repetitions of signal recording. Note that the recording layer forming
speed should preferably be over 0.1 nm/s and under 5.0 nm/s. Thus, the
optical recording medium manufacturing method according to the present
invention defines the recording layer forn~ing speed as in the above to
optimize the write/read characteristic of the recording layer 4, thereby
providing an optical recording medium which keeps a stable write/read
characteristic even after repetitions of signal recording. The recording
layer 4 is formed from a composition of GeSbTe alloy falling in an area
defined, in a ternary composition diagram of the three elements Ge, Sb and
Te, by four points including the points J (26.0, 19.2, 54.8), K (21.0,
21.0) 58.0), L (14.3, 28.6, 57,.1) and M (2l.6, 24.4, 54.0). Since the
recording layer 4 is formed from such a composition, there is provided an
optical recording medium in which the write/read characteristic of the
recording layer 4 is optimized so that deterioration of a signal read out
after recorded repeatedly can be ~ninunized. Next, a second dielectric
layer 5 of ZnS-SiOz is forned on the recording layer 4 by RF sputtering.
Then, a light-reflective layer 6 is formed on the second   23 December 2002
85 dielectric layer 5 using an AI target. Next, the light-reflective layer
6 is coated with an ultraviolet-curable resin by spin coating, thereby
finally producing a phase-change optical disc 1 according to the present
invention. It should be noted that to produce a double-sided phase-change
optical disc 10 as shown in FIG. 2, two pieces of the above-mentioned
phase-change optical disc 1 may be made and bonded to each other with their
light-reflective layers 6 facing each other with an adhesive applied
between the layers 6, by way of example. Experiments 



The following experiments were conducted on the examples of the optical
recording medium manufacturing method according to the present invention
and comparative examples of optical recording medium in order to evaluate
the effect of the manufacturing method: First experiment: In this
experiment, the effect of the Ar gas containing NZ and O2 gases as a
sputtering gas used in forming the recording layer was studied. < First
example > First, a substrate having grooves formed along recording tracks
thereof was made from polycarbonate, and a first dielectric layer of
ZnS-SiOz having a thickness of 120 nm was formed on the substrate.   23
December 2002 86 Next, a recording layer of Ge2Sb2Tes having a thickness of
25 nm was formed on the first dielectric layer at a speed of 0.42 runs in
an atmosphere of which the mixing ratio (NZ + OZ)/Ar of N2 and 02 gases
with Ar gas was 10% and the mixing ratio 02/(N2 + OZ) of the OZ gas with
the Nz gas was 20%. Thereafter, a second dielectric layer of ZnS-Si02
having a thickness of 15 nm, and a light-reflective layer of A1 alloy
having a thickness of 150 nm, were formed in this order on the recording
layer by sputtering. Further an ultravioletcurable resin was applied to the
light-reflective layer by spin coating to form a protective layer of 10 pm
in thickness, thereby providing a phase-change optical disc. < First
comparative example > On the other hand, a phase-change optical disc was
made by effecting a similar process to that for the first example except
that an Ar gas atmosphere containing no NZ and OZ gases, namely, containing
only Ar gas, was used for forming a recording layer therein. The first
example and first comparative example of phase-change optical disc were
initialized. Thereafter, the Lighting pattern shown in FIG. 3 was used to
record a random EFM signal repeatedly to these phase-change optical discs
and the jitters of the signal read out at appropriate times from the
optical discs were measured. 



The measurement results of the first example are shown in F1G. 44, and   23
December 2002 87 those of the first comparative example are shown in FIG.
45. As mentioned above, the recording layer in the first example of
phasechange optical disc was formed in the Ar atmosphere containing the NZ
and OZ gases at a predetermined ratio according to the present invention.
As seen from the experiment results shown in FIG. 44, there is found no
increased fitter in the signal read out after recorded repeatedly the
second and subsequent times and the fitter measured on the signals read out
after recorded repeatedly up to 100,000 times is stably less than 12.5%. On
the other hand, the recording layer in the first comparative example of
phase-change optical disc was formed in the Ar atmosphere containing no N2
and OZ gases. As seen from the experiment results shown in FIG. 45,the
fitter is regionally increased after the second to 10th repetitions of
recording, and increases drastically after the number of repetitions of
recording counts over 10,000. The experiment results proved that the
formation of the recording layer at the predetermined speed in the Ar gas
atmosphere having predetermined contents of N2 and OZ gases enables to
minimize the regional increase of fitter found in a signal read out after
recorded repeatedly a small number of times such as a few times and also
the drastic increase of fitter found in the signal read out after recorded
repeatedly tens of thousands of times. Second experiment: In this
experunent) the effect of the Ar gas containing 02 gas as a sputtering   23
December 2002 88 gas used in forming the recording layer was studied. <
Second example > After a first dielectric layer of ZnS-Si02 having a
thickness of 90 nm was formed on a substrate, a recording layer of
Ge2Sb2Te5 having a thickness of 25 nm was formed on the first dielectric
layer at a speed of 0.42 nm/s in an Ar gas ahnosphere containing 02 gas at
a ratio Oz/Ar of 10% with the Ar gas. Further, a second dielectric layer of
ZnS-Si02 having a thickness of 15 nm, and a lightreflective layer of A1
alloy having a thickness of 150 nm, were formed in this order on the
recording layer by sputtering. Thereafter, an ultraviolet-curable resin was
applied to the light-reflective layer to form a protective layer of 10 nm
in thickness, thereby providing a phase-change optical disc. < Second
comparative example > On the other hand, a phase-change optical disc was
made by effecting a similar process to that for the second example except
that an Ar gas atmosphere containing no 02 gas, namely, containing only Ar
gas, was used for forming a recording layer therein. The second example and
second comparative example of phase-change 



optical disc were initialized. Thereafter, the lighting pattern shown in
FIG. 3 was used to record a random EFM signal repeatedly to these
phase-change optical discs and the jitters of the signal read out at
appropriate tunes from the optical discs were measured. The measurement
results of the second example are shown in FIG. 46,   23 December 2002 89
and those of the second comparative example are shown in FIG. 47. As
mentioned above, the recording layer in the second example of phasechange
optical disc was formed in the Ar atmosphere containing the 02 gas at a
predetermined ratio according to the present invention. As seen from the
experiment results shown in FIG. 46, there is found only a small increase
of fitter in the signal read out after recorded repeatedly the second and
subsequent times and the fitter measured on the signals read out after
recorded repeatedly up to l00,000 times is less than 10%, thus a stable
write/read characteristic of the phase-change optical fiisc is assured. On
the other hand, the recording layer in the second comparative example of
phase-change optical disc was formed in the Ar atmosphere containing no 02
gas. As seen from the experiment results shown in FIG. 47, the fitter
increases drastically after the number of repetitions of recording counts
over 20,000. The experiment results proved that the formation of the
recording layer at the predetermined speed in the Ar gas atmosphere having
the predetermined content of OZ gas enables to provide a phase-change
optical disc capable of a good read signal even after recorded repeatedly
many times. Third experiment: In this experiment, the effect of the Ar gas
containing NZ gas as a sputtering gas used in forniing the recording layer
was studied. < Third example >   23 December 2002 90 After a first
dielectric layer of ZnS-Si02 having a thickness of 120 mn was formed on a
substrate, a recording layer of Ge2SbzTeS having a thickness of 25 nm was
formed on the first dielectric layer at a speed of 0.42 nm/s in an Ar gas
atmosphere containing N2 gas at a ratio Nz/Ar of 10 % with the Ar gas.
Further, a second dielectric layer of ZnS-Si02 having a thickness of I S
nm, and a lightreflective layer of Al alloy having a thickness of 150 nm,
were formed in this order on the recording layer by sputtering. Thereafter,
an ultraviolet-curable resin was applied to the light-reflective layer to
form a protective layer of 10 nm in thickness, thereby providing a
phase-change optical disc. < Third comparative example > On the other hand,
a phase-change optical disc was made by effecting a similar process to that
for the second example except that an Ar gas atmosphere containing no Nz
gas, namely, containing only Ar gas, was used for forming a recording layer
therein. The third example and third comparative example of phase-change
optical disc were initialized. Thereafter, the lighting pattern shown in
FIG. 3 was used to record a random EFM signal repeatedly to these
phase-change optical discs and the jitters of the signal read out at
appropriate times from the optical discs were measured. The measurement
results of the third example are shown in FIG. 48, and those of the third
comparative example are shown in FIG. 49. As mentioned above, the recording
layer in the third example of phase 



23 December 2002 91 change optical disc was formed in the Ar atmosphere
containing the NZ gas at a predetermined ratio according to the present
invention. As seen from the experiment results shown in FIG. 48, there is
found no increase of fitter in the signal read out after recorded
repeatedly the second and subsequent times and the fitter measured on the
signals read out after recorded repeatedly up to l0,000 times is stably
less than 8%. On the other hand, the recording layer in the second
comparative example of phase-change optical disc was formed in the Ar
atmosphere containing no NZ gas. As seen from the experiment results shown
in FIG. 49, the fitter increases drastically after the second recording.
Recording has to be repeated on the order of 100 times until the fitter in
the read signal is stably less than 10%. The experiment results proved that
the formation of the recording layer at the predetermined speed in the Ar
gas atmosphere having the predetermined content of NZ gas enables to
provide a phase-change optical disc capable of a good read signal even
after recorded repeatedly many times. As having been described in the
foregoing, in the optical recording medium according to the present
invention, since the conditions of forming the recording layer are defined,
the GeSbTe alloy of the recording layer can be suitably nitrated and
oxidized to optimize the physical properties of the recording layer for the
write/read characteristic thereof and thus for further improvement of the
durability against repeated recording. Therefore, the optical recording
medii.un according to   23 December 2002 92 the present invention shows
little regional deterioration of a signal read out after recorded
repeatedly a few times to tens of tunes and provides a good read signal
even after more than tens of thousands of repetitions of recording. Thus,
the optical recording medium according to the present invention always show
a stable and good write/read characteristic even after repetitions of
signal recording. Namely, this optical recording medium is highly reliable.
Also, in the optical recording medium manufacturing method according to the
present invention, since the conditions of forming the recording layer are
defined, the GeSbTe alloy of the recording layer-can be suitably nitrated
and oxidized to optimize the physical properties of the recording layer for
the write/read characteristic thereof and thus for further improvement of
the durability against repeated recording. Therefore, the manufacturing
method according to the present invention provides an optical recording
medium showing little regional deterioration of a signal read out after
recorded repeatedly a few times to tens of times, and providing a good read
signal even after more than tens of thousands of repetitions of recording.
Thus, the manufacturing method according to the present invention can
provide a highly reliable optical recording medium always showing a stable
and good write/read characteristic even after repetitions of signal
recording.   23 December 2002 93 What is claimed is: 



1. An optical recording medium comprising a recording layer of a
phase-change material switchable between a crystalline state and an
amorphous state in response to signal-wise illumination by light focused
onto the recording layer to change the phase thereof from crystalline to
amorphous, thereby writing an information signal onto the recording layer,
said phase-change material comprising a GeSbTe alloy and said recording
layer being formed by sputtering in an Ar gas atmosphere comprising N2, Oz
or both NZ and OZ, wherein: the recording layer is formed at a speed X
(nm/s) in an Ar gas atmosphere containing Nz and OZ gases of which the
mixing ratio (NZ and OZ)/Ar among the N2, O2 and Ar gases is Y(%) and the
mixing ratio OZ/(Nz +Oz) of OZ gas with the mixture of Nz and Oz gases is
Z(%), the parameters X, Y and Z meeting the following relations ( 1 ) to
(3): Y >_ 2.3X + 1.0
...................................................................... (1)
Y S 12.8X + 16.7
....................................................................... (2)
10 <_ Z <_ 60
...................................................................... (3)
2. The optical recording medium as set forth in claim 1, wherein the
recording layer forming speed X is over 0.1 (nm/s) and under 5.0 (nm/s). 3.
The optical recording medium as set forth in claim 1, wherein:   23
December 2002 94 the GeSbTe alloy contained in the phase-change material is
a composition falling in 



an area defined, in a ternary composition diagram of the three elements Ge,
Sb and Te, by four points including a first point (26.0, 19.2, 54.8),
second point (21.0, 21.0, 58.0), third point ( 14.3, 28.6, 57.1 ) and a
fourth point (21.6, 24.4, 54.0). 4. The optical recording medium as set
forth in claim 1, wherein the recording layer is 18 to 30 nm thick. 5. The
optical recording medium as set forth in claim 1, wherein: the recording
layer is formed on a substrate having a diameter of 1200.3 mm and a
thickness of 0.600.03 mm; and the track pitch is 0.8t0.01 pin. 6. An
optical recording medium comprising a recording layer of a phase-change
material switchable between a crystalline state and an amorphous state in
response to signal-wise illumination by tight focused onto the recording
layer to change the phase thereof from crystalline to amorphous, thereby
writing an information signal onto the recording layer, said phase-change
material comprising a GeSbTe alloy and said recording layer being formed by
sputtering in an Ar gas atmosphere comprising N2, OZ or both NZ and OZ,
wherein:   23 December 2002 95 the recording layer is formed at the speed X
(nm/s) in an Ar gas atmosphere containing OZ gas of which the mixing ratio
OZ/Ar between the OZ and Ar gases is Y(%), 



the parameters X and Y meeting the following relations (1 ) and (4): Y >_
2.3X + I.0
...................................................................... (I)
Y 5 S.SX + 2.7
....................................................................... (4)
7. The optical recording medium as set forth in claim 6, wherein the
recording layer forming speed X is over 0.1 (nm/s) and under 5.0 (nm/s). 8.
The optical recording medium as set forth m claim 6, wherein: the GeSbTe
alloy contained in the phase-change material is a composition falling in an
area defined, in a ternary composition diagram (of the three elements Ge,
Sb and Te), by four points including a first point (26.0, l9.2, 54.8),
second point (21.0, 21.0, 58.0), third point ( 14.3, 28.6, 57. I ) and a
fourth point (21.6, 24.4, 54.0). 9. The optical recording medium as set
forth in claim 6, wherein the recording layer is 18 to 30 inn thick. 10.
The optical recording medium as set forth in claim 6, wherein: the
recording layer is formed on a substrate having a diameter of 120t0.3 mm
and a thickness of 0.600.03 mm; and the track pitch is 0.8t0.01 Nm.   23
December 2002 96 11. An optical recording medium comprising a recording
layer of a phase-change material switchable between a crystalline state and
an amorphous state in response to signal-wise illumination by light focused
onto the recording layer to change the phase thereof from crystalline to
amorphous, thereby writing an information signal onto the recording layer,
said phase-change material comprising a GeSbTe alloy and said recording
layer being formed by sputtering in an Ar gas atmosphere comprising NZ, OZ
or both NZ and O2, wherein: 



the recording layer is formed at the speed X (nm/s) in an Ar gas atmosphere
containing Nz gas of which the mixing ratio NZ/Ar between the NZ and Ar
gases is Y(%), the parameters X and Y meeting the following relations (2)
and (5): Y <_ 12.8X + 16.7
...................................................................... (2)
Y >_ 1.8X + 5.0
....................................................................... (5)
12. The optical recording medium as set forth in claim 1 I , wherein the
recording layer forming speed X is over 0.1 (nm/s) and under 5.0 (nm/s).
13. The optical recording medium as set forth in claim 11, wherein: the
GeSbTe alloy contained in the phase-change material is a composition
falling in an area defined, in a ternary composition diagram (of the three
elements Ge, Sb and Te), by four points including a first point (26.0,
19.2, 54.8), second point (21.0, 21.0, 58.0), third point (14.3, 28.6,
57.1) and a fourth point (21.6, 24.4, 54.0).   23 December 2002 97 14. The
optical recording medium as set forth in claim 11, wherein the recording
layer is 18 to 30 nm thick. 15. The optical recording medium as set forth
in claim 11, wherein: the recording layer is formed on a substrate having a
diameter of 1200.3 mm and a thickness of 0.60t0.03 mm; and the track pitch
is 0.8f0.01 pm. 16. A method for making an optical recording medium
comprising the steps of: 



providing an optical disk substrate; and forming a recording layer on said
substrate comprising a GeSbTe alloy as a phase change material, said
recording layer being formed by sputtering in an Ar gas atmosphere
comprising NZ gas, OZ gas or a mixture of OZ gas and Nz gas, to provide a
phasechange material recording layer switchable between a crystalline state
and an amorphous state in response to being illuminated signal-wise by
light focused on the recording layer which is effective to change the phase
of the phase change material of the recording layer from crystalline to
amorphous, to thereby write an information signal into the recording layer,
wherein: the recording layer is formed at a speed X (nm/s) in an Ar gas
atmosphere containing NZ and OZ gases of which the mixing ratio (Nz +OZ)/Ar
among the NZ and OZ gases and Ar gas is Y(%) and the mixing ratio OZ(NZ
+OZ) of OZ gas with the mixture of NZ and OZ gases is Z(%), the parameters
X, Y and Z meeting the following relations ( 1 ) to (3):   23 December 2002
98 Y >_ 2.3X + 1.0 .. ..... ....... ........ ............. ..... . ......
............ ........... (1 ) Y <_ 12.8X + 16.7
....................................................................... (2)
10 <_ Z <_ 60
...................................................................... (3)
17. The optical recording medium as set forth in claim 16, wherein the
recording layer forming speed X is over 0.1 (nm/s) and under 5.0 (nm/s).
18. The optical recording medium as set forth in claim 16, wherein: 



the GeSbTe alloy contained in the phase-change material is a composition
falling in an area defined, in a ternary composition diagram (of the three
elements Ge, Sb and Te), by four points including a first point (26.0,
19.2, 54.8), second point (21.0, 21.0, 58.0), third point (14.3, 28.b,
57.1) and a fourth point (2l.6, 24.4, 54.0). 19. The optical recording
medium as set forth in claim 16, wherein the recording layer is 18 to 30 nm
thick. 20. A method for making an optical recording medium comprising the
steps of: providing an optical disk substrate; and forming a recording
layer on said substrate comprising a GeSbTe alloy as a phase change
material, said recording layer being formed by sputtering in an Ar gas
atmosphere comprising Nz gas, Oz gas or a mixture of OZ gas and NZ gas, to
provide a phase change material recording layer switchable between a
crystalline state and an amorphous state in   23 December 2002 99 response
to being illuminated signal-wise by light focused on the recording layer
which is effective to change the phase of the phase change material of the
recording layer from crystalline to amorphous, to thereby write an
information signal into the recording layer, wherein: the recording layer
is formed at the speed X (nm/s) in an Ar gas atmosphere containing OZ gas
of which the mixing ratio OZ/Ar between the OZ and Ar gases is Y(%), 



the parameters X and Y meeting the following relations (1) and (4): Y >_
2.3X + 1.0 ..... .. ....... ..... . .......................... ...
.......... ........... (1 ) Y <_ 5.5X + 2.7
....................................................................... (4)
21. The optical recording medium as set forth in claim 20, wherein the
recording layer forming speed X is over 0.1 (nm/s) and under 5.0 (nm/s).
22. The optical recording medium as set forth in claim 20, wherein: the
GeSbTe alloy contained in the phase-change material is a composition
falling in an area defined, in a ternary composition diagram (of the three
elements Ge, Sb and Te), by four points including a first point (26.0,
19.2, 54.8), second point (21.0, 21.0, 58.0), third point (14.3, 28.6,
57.1) and a fourth point (21.6, 24.4, 54.0). 23. The optical recording
medium as set forth in claim 20, wherein the recording layer is 18 to 30 nm
thick. 24. A method for making an optical recording medium comprising the
steps of:   23 December 2002 l00 providing an optical disk substrate; and
forming a recording layer on said substrate comprising a GeSbTe alloy as a
phase change material, said recording layer being formed by sputtering in
an Ar gas atmosphere comprising NZ gas, OZ gas or a mixture of OZ gas and
NZ gas, to provide a phase change material recording layer switchable
between a crystalline state and an amorphous state in response to being
illuminated signal-wise by light focused on the recording layer which is 



effective to change the phase of the phase change material of the recording
layer from crystalline to amorphous, to thereby write an information signal
into the recording layer, wherein: the recording layer is formed at the
speed X (nm/s) in an Ar gas atmosphere containing NZ gas of which the
mixing ratio NZ/Ar between the N2 and Ar gases is Y(%), the parameters X
and Y meeting the following relations (2) and (5): Y <_ 12.8X + 16.7
...................................................................... (2)
Y >_ 1.8X + 5.0
....................................................................... (S)
25. The optical recording medium as set forth in claim 24, wherein the
recording layer forming speed X is over 0.1 (nm/s) and under 5.0 (nm/s).
26. The optical recording medium as set forth in claim 24, wherein: the
GeSbTe alloy contained in the phase-change material is a composition
falling in an area defined, in a ternary composition diagram (of the three
elements Ge, Sb and Te),   23 December 2002 l01 by four points including a
first point (26.0, 19.2, 54.8), second point (2l.0, 2l.0, 58.0), third
point ( l4.3, 28.6, 57.1 ) and a fourth point (21.6, 24.4, 54.0). 27. The
optical recording medium as set forth in claim 24, wherein the recording
layer is 18 to 30 mn thick. .A3y.A.AY!?.An.An.A
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