
EP 0 373 955 B1 Description This invention relates to optical recording
media capable of writing and reading information by irradiation of a light
beam. More particularly, the invention relates to rewritable phase change
optical 5 recording media having functions of erasing and rewriting
recorded information and capable of writing information at a high speed and
with a high recording density, such as optical disks, optical cards,
optical tapes and so forth. The operation of conventional rewritable
optical recording media by utilizing phase change of recording layer is as
follows. 10     Optical recording media have a recording layer consisting
of tellurium as its principal component. A focused laser beam pulse is
irradiated for a short period of time on to a crystalline recording layer
at the time of writing to melt spots of the recording layer. The fused
recording layer is quenched by thermal diffusion and is solidified, thereby
providing recording marks in amorphous state. Reflectance of the recording
marks is lower than that in the crystalline state and the recording marks
15 can be read optically as recording signals. A laser beam is irradiated
onto the recording mark portions at the time of erasing to heat the
recording layer to a temperature below its melting point but above its
crystallization temperature so that the recording marks in the amorphous
state can be crystallized and returned to the original non-recorded state.
It is known to use, for the recording layers of such rewritable phase
change optical recording media, 20 recording materials whose thermal
stability is improved by adding small amounts of cross linking elements
such as Ge and Sb to tellurium or Te-Se alloy, such as [err]
(JP-A-47-26897) and [err] (JP-A-61 -145758). However, the recording layers
involve a drawback that since they cause phase separation into tellurium in
the crystalline state and tellurium compounds of the cross linking elements
at the time of switching from 25 the amorphous state to the crystalline
state, the crystallization speed and the speed of the erasing process or of
the writing process of the recording information are low. To compensate for
the erasing speed of the recording layer having such a low crystallization
speed, there has been proposed a technique which effects the erasing
process by using an exclusive optical head for the erasing process with a
light beam elongated in a travelling direction of the medium. 30     In
accordance with such a technique, however, the optical head is complicated
in structure and its mass-production is difficult. Even when the erasing
light beam is elongated in cross section in order to improve the erasing
speed, the technical upper limit of the elongation is up to about 10 [err]
and in order to accomplish higher speed writing and erasing processes, a
high crystallization speed must be attained. Known recording layers having
a high crystallization speed use Sb-Se alloy (JP-A-60-155495), Sb2Te3 35
alloy (JP-A-59-185048), and Te-Ge-Sb alloy [JP-A-62-209742, JP-A-63-225934
and N. Yamada et al, Jpn. J. Appl. Phys., 26, Suppl. 26-4, 61-66(1987)].
The optical recording media using Sb-Se alloy as the recording layer
involve a problem that noise in the read signals increases with the writing
and erasing cycles. The optical recording media using [err] alloy as the
recording layer is not free from the problem of thermal instability of the
recording marks 40  because the crystallization temperature from the
amorphous state is as low as below 100 C. Furthermore, the optical
recording media using the Te-Ge-Sb alloy have drawbacks that when the
composition is a high speed erasable composition, deformation is liable to
occur and openings are produced in the recording layer at the time of
writing and its reliability is low, though it has reversibility of writing
and erasing. In the high speed erasable composition, the crystallization
temperature in the amorphous state is somewhat low, 45  from 123 to
142[err], so that the thermal stability is low and the erasability is not
sufficient. Accordingly, it has not been possible to satisfy simultaneously
high speed erasability and thermal stability. JP-A-64-10438 (sometimes
numbered JP-A-1 -10438) discloses a recording medium in which the recording
layer has a composition comprising an alloy of silver, antimony, tellurium
and germanium having the formula 50 [err] wherein 0.15 [err] x [err] 0.35,
0.1 [err] y [err] 0.35, 0.4[err] z [err] 0.6 (x + y + z = 1) and 0.1 [err]
a [err]0.7. The present invention seeks to provide rewritable optical
recording media 



55    (a) whose erasing speed is improved by increasing the crystallization
speed; (b) which are excellent in recording characteristics such as a
carrier-to-noise ratio and erasability; (c) with only little deterioration
in write, read and erasing characteristics even when the writing, erasing
and rewriting processes are repeated; 2    EP 0 373 955 B1 (d) which have a
high crystallization temperature and are excellent in thermal stability;
and (e) which are excellent in oxidation resistance and moisture and heat
resistance and have a long service life. In other words, the present
invention relates to optical recording media capable of writing, erasing
and 5  reading information by irradiation of light onto a recording layer
formed on a substrate, wherein writing and erasing of the information are
effected by the phase transition between the amorphous phase and the
crystalline phase, wherein at least the recording layer and a protective
layer for preventing deformation or abrasion (protective layer) are
provided, wherein the recording layer comprises at least one metal selected
from palladium (Pd), nickel (Ni), silver (Ag), and gold (Au); antimony;
germanium; and to tellurium, and wherein the composition is expressed by
the following formula: [err] 0.01 [err]x [err] 0.1 0.35 [err] y [err] 0.65
is  0.2[err]z[err]0.4 where each of x, y, z and 0.5 represents the atomic
fraction of each respective element, and M is at least one metal selected
from Pd, Ni, Ag and Au. Fig. 1 is a schematic sectional view of an optical
recording medium in accordance with the present 20    invention; Fig. 2 is
a schematic sectional view showing another structure of the optical
recording medium of the present invention; and Fig. 3 is a schematic
sectional view showing still another structure of the optical recording
medium of the present invention. 25     The present invention provides an
optical recording medium capable of writing, erasing and reading
information by the irradiation of light onto a recording layer formed on a
substrate, wherein writing and erasing of the information are effected by
phase transition between the amorphous phase and the crystalline phase,
wherein the optical recording medium includes at least the recording layer
and a protective layer for preventing deformation or abrasion (protective
layer), wherein the composition of the 30 recording layer comprises
antimony, germanium and tellurium and at least one metal selected from
palladium (Pd), nickel (Ni), silver (Ag), and gold (Au); and wherein the
composition is expressed by the following formula: [err] 35  0.01[err]x
[err] 0.1 0.35 [err] y [err] 0.65 0.2 [err] z [err] 0.4 where each of x, y,
z and 0.5 represents the atomic fraction of each respective element, and M
is at least 40  one metal selected from Pd, Ni, Ag and Au; provided that
when M is Ag, 0.57 [err] y [err] 0.65. The M-Sb-Te alloy (where M is at
least one of Pd, Ni, Ag and Au) that constitutes the principal component of
the recording film is liable to become the amorphous state, has a low
melting point and can be easily melted by heating by the irradiation of
light. Therefore, amorphous recording marks can be formed easily. 45
This alloy has a higher crystallization speed than a binary alloy of Sb-Te
and can be erased by the irradiation of a laser beam of about 500 to about
150 nsec. Unlike the Sb-Se alloy systems, the recording film consisting of
this alloy as the main ingredient is free from irreversible phase
separation caused by the writing and erasing cycles and from formation of
coarse crystals, and can reduce degradation of the 



recording characteristics-typified by fluctuation of the recording
sensitivity and by drop of the carrier-to- 50 noise ratio. Furthermore,
this alloy has high oxidation resistance and high moisture and heat
resistance. Since the recorded information is not lost by corrosion or the
like in the course of use for a long period, the media life can be
extended. In order to further improve thermal stability of this alloy in
the amorphous state, the recording layer of the present invention
additionally includes stoichiometric compound GeTe to form mixed crystal.
The 55 typical crystal state of the M-Sb-Te alloy described above is a
non-stoichiometric solid solution having a single crystal structure of a
rhombohedral or face-centered cubic and since its crystal structure and
lattice constant are analogous to those of GeTe, solid solution can be
formed easily in the recording layer of the present invention. The typical
crystal state of this solid solution comprising the recording layer of the
3    EP 0 373 955 B1 present invention is a novel non-stoichiometric
compound regarded as a single phase from the result of X- ray diffraction
analysis. Since the crystal state is substantially a single phase, it is
difficult for phase separation and segregation of the composition to occur
with the writing and erasing cycles and fluctuation of the recording
characteristics can be reduced. The crystal state of the recording layer of
the optical 5  recording media in accordance with the present invention is
the solid solution phase which can be regarded substantially as the single
phase and the phase separation hardly occurs at the time of change from the
amorphous state to the crystal state. Accordingly, the crystallization
speed is high and the writing, erasing and rewriting processes can be made
at a high speed and thermal stability is high, as well. If the atomic
fraction x of the metal expressed by M in the composition of the recording
layer described 10 above such as Pd is greater than 0.1, drop of
erasability and increase in the noise level in the read-out signals occur
and it becomes more difficult to change the crystal into amorphous. If it
is less than 0.01, significant effects such as improvement of the effects
of the thermal stability in the amorphous state and of the erasability and
the carrier-to-noise ratio cannot be obtained. If the atomic fraction y of
Sb is greater than 0.65, the writing and erasing cyclability deteriorates.
If it is 15 less than 0.35, the writing and erasing cyclability likewise
deteriorates and the erasing speed becomes lower. If the atomic fraction z
of the [err] compound is greater than 0.4, the crystallization speed
becomes low and so the high speed erasing process becomes difficult. If it
is smaller than 0.2, the thermal stability of recording marks drops because
the crystallization temperature is low. 20     Particularly preferred is
the recording film having the composition of the formula (1) containing Pd
and/or Ni because degradation of the recording characteristics due to the
repetitive writing, erasing or rewriting cycles is extremely low and the
erasing speed and thermal stability are high. Formula (1):  [err] 25  0.01
[err] X[err] 0.1 0.35 [err] y [err] 0.65 0.2 [err] z [err] 0.4 where each
of x, y, z and 0.5 represents the atomic fraction of each respective
element and M represents 30 the element of Pd and, or Ni. The thickness of
the recording layer in the present invention is preferably from 10 to 150
nm to maintain improved writing sensitivity. To obtain a higher
carrier-to-noise ratio of the read-out signals, the thickness is preferably
from 40 to 150 nm. A layer for preventing deformation or abrasion is
disposed on at least one surface, preferably both 35  surfaces, of the
recording layer employed in the present invention. The optical recording
medium has a structure comprising: substrate/first protective
layer/recording layer/second protective layer as shown in Fig. 1, for
example. In the drawing, reference numerals represent the following
members: 40    1: substrate 



2: first protective layer 3: recording layer 4: second protective layer
However, the structure is not particularly limited to this. Therefore,
other layers such as a resin 45 protective layer of a UV curing resin or
the like and an adhesive layer for lamination with another substrate may be
disposed on the second protective layer provided that the effect of the
present invention does not deteriorate to an unacceptable level. The
protective layer is provided in order to prevent deformation of the
substrate and the recording layer due to heat given at the time of writing
and to prevent degradation of the write characteristics. For the so
protective layer, inorganic materials such as ZnS,[err] and the like may be
used. Particularly preferred are a thin film of ZnS, oxides of a metal such
as Si, Ge, Ti, Zr and Te, or their mixtures because of its high heat
resistance. The ZnS film is preferred particularly because degradation of
the writing sensitivity and the carrier-to-noise ratio is difficult to
occur with repetition of writing and erasing. The thickness of the
protective layer is generally from 10 to 500 nm, and is preferably from 10
to 300 nm because the protective layer 55 does not peel easily and defects
such as cracks do not occur easily. In the present invention, a reflective
layer such as a thin metal film can be deposited on the protective layer.
In this case, if the optical recording medium is of the type where the rays
of light are irradiated from the back of the substrate, the structure
consists of 4    EP O 373 955 B1 substrate/first protective layer/recording
layer/second protective layer/reflective layer as shown in Fig. 2. In the
drawing, reference numerals represent the following members: 1: substrate
2: first protective layer 3: recording layer 4: second protective layer 5:
reflective layer However, the structure is not limited to this.
Accordingly, other layers such as a resin protective layer of 10  a UV
curing  resin and an adhesive layer for lamination with another substrate
may be formed on the reflective  layer provided that the effect of the
present invention does not deteriorate to an unacceptable relective layer
provided that the effect of the present invention does not deteriote to an
unacceptable In this reflective layer, thermal diffusion is easily caused
from the protective layer and amorphous marks are easily recorded by
increasing  the cooling speed of the molten recording layer at the time of
15 writing. The reflective layer provides the effect of improving the
contrast of the read-out signals by virtue of optical interference and the
effect of preventing thermal deformation of the deformation prevention
layer. The thickness of the reflective layer is preferably from 10 to 100
nm. Materials for the reflective layer are, for example, a metal, or a
mixture of a metal with a metal oxide, metal nitride or metal carbides.
These materials have adequate reflectance and absorbance of the writing
beam and have a higher thermal transfer 20 coefficient than that of the
protective layer. For example, Zr, Hf, Ti, Ta, Mo, Si, [err], Au, an alloy
of one or some of these metals, a mixture of one or some of the metals with
Zr oxides, Si oxides, Si nitrides or [err] oxides. Particularly, preferred
are of Ta, or known alloys including Hf or Ta as the principal component
because of their high chemical stability can protect the recording layer
from the surrounding environment, can prevent oxidation and corrosion and
can improve the life of the optical recording medium. More 25  preferred
are Hf or alloys including Hf as the principal component which because they
provide high erasability. The substrate material of the conventional
recording  media such as plastics, glass, metal such as aluminum, etc., can
be used for the substrate of the present invention. When writing is made by
use of a focused light beam from the substrate side in order to avoid any
influences of dust and scratches of the 30  substrate, a transparent
material is preferably used for the substrate. Examples of such a material
include 



glass, polycarbonate, polymethyl methacrylate, polyolefin resins, epoxy
resins and polyimide resins. particularly preferred are the polycarbonate
resin and the epoxy resin because they have low optical birefringence and
hygroscopicity and can be molded easily. Particularly when high heat
resistance is required, the epoxy resin is preferred. Glass is a preferred
material when extremely high reliability is required, because it has high
thermal and chemical stability. Though there is no restriction to the
thickness of the substrate, it is practically from 0.01 to 5 mm. If the
thickness is too small, the recording media are susceptible to the
influences of dust when writing, is made by the optical beam focused from
the substrate side and if it is too great, it is difficult to use an
objective 40  lens with large numerical aperture and the beam spot size of
the radiation beam becomes large so that recording density cannot be
increased easily. The substrate may be either flexible or rigid. The
flexible substrate can be used in a tape form, a sheet form or a card form.
The rigid substrate can be used in the card form  or a disk form. The
optical recording medium of the present invention may be laminated to have
an air sandwich structure, an air incident structure or a solid structure
after the recording layer and the like 45  are formed. The optical source
used for writing of the optical recording media of the present invention is
an optical source having high intensity such as a laser beam or a strobo
beam and a semiconductor laser beam is particularly preferred because the
optical sources can be made compact, their power consumption is low and the
modulation is easy. Writing is made by irradiating a laser beam pulse or
the like to the recording layer in the crystalline state to form amorphous
recording marks. Recording marks in the crystal state may be formed on the
amorphous recording layer, on the contrary. Erasing can be made by
crystallizing the amorphous recording marks by the irradiation of the laser
beam or by changing the state of the recording marks in crystalline state
into amorphous. 55     It is preferred to employ a method that the
amorphous recording  marks are formed at the time of writing and
crystallization are performed at the time of erasing because the writing
speed can be improved and deformation of the recording layer does not occur
easily. 5    EP 0 373 955 B1 Single beam overwriting is preferred because
the rewriting time is short. In the single beam overwriting, laser beam
power is modulated between peak level for amorphization and bias level for
crystallization. Where emphasis is put on erasability, the principal
portions of the optical recording medium are preferably constituted in the
following way because erasability is great. 5   In other words, preferred
is the structure wherein the first deformation prevention layer is from 50
to 300 nm thick, the second deformation layer is from 10 to 30 nm thick,
the recording layer is from 10 to 60 nm thick and the reflective layer is
from 20 to 100 nm thick, because the recording layer can be quenched
rapidly. However, limitations to this structure are not particularly
necessary and other layers such as a resin protection layer of a UV curing
resin or an adhesive layer for lamination with another substrate may be 10
disposed on the second deformation prevention layer provided that the
effects of the present invention are not unacceptably deteriorated.
Furthermore, it is more preferred that the optical recording medium has the
structure described above and its recording layer has the composition
expressed by the following formula: 15    [err] 0.01 [err] x [err] 0.1 0.35
[err] y [err] 0.45 0.2 [err] z [err] 0.4 20  where each of x, y, z and 0.5
represents the atomic fraction of each element. The material of the
reflective layer of the optical recording medium having the structure
described above is preferably Au or A[err] or alloys comprising Au or Ag as
the principal component because writing in a high density can be made. 



Where emphasis is put on write sensitivity, the constituent members of the
optical recording medium 25  have preferably the following structure since
writing sensitivity is high. In other words, preferred is a structure
wherein the first protective layer is from 50 to 300 nm thick, the second
deformation prevention layer is from 150 to 250 nm thick, the recording
layer is from 10 to 60 nm thick and the reflective layer is from 20 to 100
nm thick. However, limitation to this structure are not particularly
necessary and other layers such as a resin protection layer of a UV curing
resin, an adhesive 30  layer for lamination with another substrate, and the
like, may be disposed on the second deformation prevention layer provided
that the effects of the present invention are not deteriorated
unacceptably. In the structure described above, the recording layer has
particularly preferably the following composi- tion: 35   [err] 0.01 [err]
x[err] 0.1 0.45 [err] y [err] 0.65 0.2 [err] z[err] 0.4 40  where each of
x, y, z and 0.5 represents the atomic fraction of each element. Since
erasability is high, it is particularly preferred to use Hf or alloys
comprising Hf as the principal component as the material of the reflective
layer. Next, the production method of the optical recording media of the
present invention will be described. Known thin film formation methods in
vacuum, e.g. vacuum evaporation, ion plating, sputtering, can be 45  used
as the method of forming the recording layer, the protective layers, the
reflective layers and the like on the substrate. Particularly preferred is
sputtering because the composition and the film thickness can be controlled
easily. The thickness of the recording layer and the like to be formed can
be controlled easily by monitoring it by a thickness meter such as a
crystal oscillator or the like. so     The formation of the recording layer
and the like may be carried out while the substrate is kept fixed, or is
under the moving or rotating state. It is preferred to turn the substrate
on its own axis because good uniformity of the deposited film thickness
inside the plane is high and it is more preferred to combine the
revolution. After the recording layer, the protective layer and the like
are formed, other layers such as a resin 55  protective layer of UV curing
resins may be formed, whenever necessary, in order to prevent scratches and
deformation. After the recording layer, the protective layer and the like
are formed or after the resin protective layer described above is formed
further thereon, two substrates may be bonded them to face each other by an
adhesive. 6    EP 0 373 955 B1 Examples: The present invention will be
hereinafter described with reference to examples thereof, but the invention
is not limited thereto. 5      Incidentally, the compositions of the
recording layers in the examples were confirmed by an inductively coupled
plasma atomic emission spectrometer (SEIKO FTS-1 100). The carrier-to-noise
ratio (C/N) of the writing signals was measured by a spectrum analyzer.
Erasability is defined as the difference obtained by substracting the
residual signal level of written marks after a signal pass erasure or
rewrite with another frequency by overwriting from the original recorded
carrier signal level. 10 Example 1: A recording layer, protective layers
and a reflective layer were formed by sputtering while a polycar- bonate
substrate which was 1.2 mm thick and 13 cm in diameter and equipped with
spiral grooves of 1.6 15  [err] pitch was being rotated at 30 r.p.m. First
of all, after pump-down was made to 7 x 10-5 Pa, a 130 nm-thick first
protective layer of ZnS was formed on the substrate by sputtering in an Ar
gas atmosphere of 6 x 10[err] Pa. While the thickness of Te, 



Sb, TeGe and Pd was being monitored by a quartz thickness meter, a 50
nm-thick recording layer having a composition of (err)0.65(err)0.35 was
formed by co-sputtering. A 200 nm-thick second 20  protective layer of ZnS
was formed on the recording layer and a 40 nm-thick Hf layer was formed as
the reflective layer on this second protective layer, thereby constituting
the optical recording medium of the present invention. While this optical
recording medium was being rotated at a linear velocity of 1.5 m/sec, a
semiconduc- tor laser beam of a wavelength of 830 nm which was focused by
an objective lens having a numerical 25  aperture of 0.5 was continuously
irradiated with erase power of 3.4 mW and scanned twice on the tracks so as
to crystallize the recording layer. Due to this crystallization,
reflectance of the recording layer was raised twice the initial value.
Thereafter, writing was carried out by a 15 mW semiconductor laser beam
modulated to a frequency of 4.5 MHz and duty of 50% at a linear velocity of
15 m/sec by use of the same optical system as described above. 30     After
writing, the intensity of the semiconductor laser beam was changed to 0.7
mW to scan the written part so as to read the written part. As a result, it
could be confirmed that reflectance of the recording mark portions dropped
due to the change to the amorphous state and writing was effected. The C/N
of the read- out signal was measured under the condition of a band width of
30 kHz. The carrier intensity of the writing frequency was found to be
-14.5 dBm, the noise level was found to be -65 dBm and the C/N ratio was
50.5 35  dB at which good digital recording could be made. This writing
condition corresponded to a high speed data rate of 6.7 Mbps in a (2,7)
code. When a semiconductor laser beam of 9 mW was irradiated once to the
written portions at a linear velocity of 15 m/sec., the written content was
erased. The erasability at this time was. as good as 30 dB. It could be
understood from the result described above that erasing could be made by
the irradiation of an 40  erasing optical beam of about 70 nsec. Even after
writing and erasing cycles of 1,000 times under the writing and erasing
conditions described above, the laser power necessary for writing and
erasing remained unchanged, the increase in the noise level of the read-out
signal could not be observed and degradation of the recording
characteristics could be hardly observed, either, with C/N being 50.5 dB.
Degradation of erasability could not be observed, and, in erasability a
good value of 30 dB could be obtained. 45     Since writing and erasing
could be carried out at the same linear velocity as described above,
rewriting by the 1-beam overwrite system which effects rewriting by a
single operation by superposing the writing pulse with the power of the
erasing level could be estimated as being possible. When the optical
recording medium written under the writing condition described above was
read after it was left standing for 1,000 hours in a temperature-humidity
chamber at 60 C and 90% R.H., the change 50  of the C/N was within 3 dB and
degradation could be hardly observed. When writing was made once again, C/N
hardly changed in comparison with the value before the recording medium was
placed into the temperature-humidity chamber. From this result, the medium
was estimated to have a life of more than 10 years. When the
crystallization temperature of this recording layer was measured from the
change of the D.C. 55  resistance at the time of temperature rise and from
the change of the light transmission, it was found to be 160  C at the rate
of temperature rise of 10[err] C/min. Accordingly, thermal stability at
normal temperature was estimated to be good. 7    EP 0 373 955 B1 Example
2: An optical recording medium was produced in the same way as in Example 1
except that the composition of the recording layer of Example 1 was changed
to (err)0.7(err)0.3 and the 5  reflective layer was changed to a 20
nm-thick Au layer. The recording layer of this optical recording medium was
crystallized under the same condition as that of Example 1. At this time,
reflectance of the recording layer rose twice the initial value due to
crystallization. Thereafter, writing was effected by a 12 mW semiconductor
laser beam modulated to a frequency of 2.5 MHz and duty of 50% by use of
the same optical system as the one described already under the condition of
a linear velocity of 7.5 m/sec. 



10     When reading of this optical recording medium was effected at 7.5
m/sec, the C/N of the read-out signal was found to be 50 dB. This written
part could be erased under the erasing condition of a linear velocity of
7.5 m/sec and at 6.0 mW. Erasability at this time was 26 dB. Example 3: 15
An optical recording medium was produced in the same way as in Example 1
except that the substrate of Example 1 was changed to a 1.2 mm-thick
polymethyl methacrylate sheet of 32 mm square. Writing and erasing were
carried out by use of the same optical system as that of Example 1 while
this recording medium was fixed under the stationary state. The writing
pulse was 20 mW and 100 nsec and the erasing 20  pulse was 9.5 mW and 100
nsec. Reading was made at 0.5 mW. Even after the writing and erasing cycles
of 100,000 times, writing and erasing were possible and hardly any change
of the reflections at written and erased states could be observed.
Furthermore, degradation of the characteristics could not be observed. The
crystallization temperature of this recording layer was measured from the
change of the D.C. resistance at the time of temperature rise and from the
change of light transmission. It was found to be 25  160  C at the
temperature rise condition of 10  C/min. Accordingly, thermal stability at
normal temperature was estimated to be good. Comparative Example 1: 30
An optical recording medium was produced in the same way as in Example 2
except that the composition of the recording layer of Example 2 was changed
to the following composition (a): (a):  (err)0.72(err)0.28 35     In the
case of the composition (a), when writing and erasing were repeated under
the same writing and erasing conditions as those of Example 2, the erasing
characteristics got remarkably deteriorated after 10 cycles. The erase
ratio at this time dropped to about 15 dB. Comparative Example 2: 40
Optical recording media were produced in the same way as in Example 3
except that the composition of the recording layer in Example 3 was changed
to the following compositions (b) and (c), and writing and erasing were
carried out in the same way. 45  (b):  (err)o.7(err)0.3 (c):  (err)0.7(err3
In the case of the compositions (b) and (c), the difference of reflectance
between the writing state and 50  the erasing state fluctuated and was
unstable with writing and erasing cycles. The variation of the reflectance
became gradually smaller after writing and erasing of 10,000 times and
writing and erasing became difficult. Example 4: 55 An optical recording
medium was produced in the same way as in Example 3 except that the
composition of the recording layer was changed to (err)0.7(err)0.3 8    EP
0 373 955 B1 Writing and erasing of this optical recording medium was
carried out in the same way as in Example 3. The writing pulse was 14 mW
and 200 ns and the erasing pulse was 6 mW and 300 nsec. Reading was carried
out at 0.5 mW. Writing and erasing were possible even after the writing and
erasing cycles of 100,000 times under this condition. Example 5: An optical
recording medium was produced in the same way as in Example 3 except that
the composition of the recording layer in Example 3 was changed to
(err)0.64(err)0.36, and 10  writing and erasing were effected in the same
way as in Example 3. The writing pulse was 17 mW and 100 nsec and the
erasing pulse was 8 mW and 100 nsec. Reading was carried out at 0.5 mW.
Writing and 



erasing were possible 100,000 times under this condition. An optical
recording medium having a recording layer of the composition
(err)0.66(err)0.34 was produced in the same way as above and writing and
erasing were effected under the same writing condition. As a result, the
writing and erasing is  cycles of 1,000,000 times were possible. Example 6:
The material of a recording layer having the composition of
(err)0.66(err)0.34 of 20  Example 5 was deposited on a fluororesin sheet
("Teflon") of Du Pont in a thickness of 500 nm by use of the same
sputtering apparatus as that of Example 1. Thereafter, the recording layer
in the amorphous state was scraped off to prepare the powder of the
recording layer. The powder was subjected to DSC measurement (differential
scanning calorimetry). The sample amount was 8 mg for each measurement. A
calorimeter DSC-50 of Shimazu Seisakusho was used for measurement. 25
The peak temperature of crystallization when measured at the temperature
rise rate of 10 [err] C/min was 185  C and was 190 C at the temperature
rise rate of 20[err] C/min, and this value was sufficiently higher than the
normal ambient temperature of use. Activation energy determined from the
measurement results at the temperature rise rates of 5[err] C/min, 10[err]
C/min, 20[err] C/min and 40[err] C/min was 2.2 eV. 30     The
crystallization temperature of the material [err] of the recording layer of
the prior art reference was 142[err]C and activation energy was 2.2 eV [N.
Yamada et al., Jpn, J. Appl. Phys. 26, Suppl., 26-4, 61-66(1987)]. In
comparison with this prior art reference, the amorphous state of the
recording layer of the present invention had sufficiently higher thermal
stability and stability of the recording marks was also higher. 35 Example
7: An optical recording medium having the structure shown in Fig. 3 was
produced by changing the composition of the recording layer of Example 1 to
(err)0.66(err)0.34, forming the 40  reflective layer by a 50 nm-thick film
of an [err] alloy and forming further a 0.01 mm-thick protective layer of
an acrylic UV curing resin on this reflective layer. In the drawing,
reference numerals represent the following members. 1: substrate 2: first
protective layer 45    3: recording layer 4: second protective layer 5:
reflective layer 6: resin protective layer Writing and erasing cycle was
repeated 20 times onto this recording film in the same way as in so
Example 1 except that the recording frequency was set to 5.33 MHz. The C/N
of the read-out signal after writing times was 50 dB. Thereafter, only the
erasing power was changed within the range of 7 mW - 12 mW and writing and
erasing were repeated to measure the erasability. The results were shown in
the following Table 1. Good values of erasability of more than 30 dB could
be obtained in a wide power range of 9 to 12 mW. 55 9    EP 0 373 955 B1
Table 1 erasing power (mW)   erasability (dB) 5
7.5               21.1 8.0              28.9 9.0              30.5 10.5
30.0 11.0              32.0 



10                                      11.5               32.0 12.0
30.4 Comparative Example 3: An optical recording medium was produced by
changing the composition of the recording layer of Example 7 to a
composition corresponding substantially to (err)0.64(err)0.36 which was
obtained by removing Pd from the composition of the recording layer of
Example 7, and measurement was carried out in the same way as in Example 7.
C/N after writing of 20 times was 50 dB. The results of measurement were
shown in the following Table 2. Erasability was at most about 26 dB at 9 mW
- 12 mW but this value was lower by 4 dB than the value of Example 7. Table
2 25 erasing power (mW)   erasability (dB) 7.0              12.8 8.0
24.8 9.0              26.1 30                                      10.0
25.3 11.0              26.8 12.0              26.4 35 Example 8: The
following recording layer, deformation prevention layers and reflective
layer were formed on the same substrate as that of Example 1 by use of the
same sputtering apparatus, the same vacuum and in the 40 same Ar gas
atmosphere as in Example 1, and a protective layer of an acrylic UV curing
resin was formed to obtain an optical recording medium having the following
layer structure. Layer Structure: 45     substrate/first protective
layer/recording layer/second protective layer/reflective layer/resin
protective layer first protective layer: ZnS, 160 nm thick recording layer:
(err)0.66(err)0.34 30 nm thick second protective layer: SiaN4, 20 nm thick
so     reflective layer: Au, 40 nm thick resin protective layer: acrylic
resin, 0.01 mm thick One-beam  overwrite was effected to this optical
recording medium  by use of the same writing apparatus as that of Example 1
except that the numerical aperture (N.A.) of the objective was 0.55 and the
wavelength of the semiconductor laser was 780 nm. 55     The writing
conditions were the linear velocity of 8 m/sec, the writing power level of
16 mW and the erasing power level of 9 mW and writing was repeated
alternately 10 times by the writing frequency of 3.7 MHz and 1.4 MHz (each
pulse width was 90 nsec constant), and the C/N after writing at 3.7 MHz and
erasability at 3.7 MHz after overwrite at 1.4 MHz were measured. As a
result, a good value of the C/N of 50 10    EP 0 373 955 B1 dB and the
erasability of 28 dB could be obtained and the optical recording medium of
the present invention was confirmed to have excellent overwrite
characteristics. Claims 5 1. An optical recording medium comprising a
substrate and at least each of a recording layer and a protective layer,
said recording layer being formed on said substrate for recording
information thereon or reading or erasing the information on record thereon
by light-irradiation on the recording layer, wherein the recording and
erasing of information take place through a phase transition between an 10
amorphous phase and a crystalline phase in said recording layer, said
recording layer having a 



composition represented by the following formula: (err) 15     wherein M is
at least one metal selected from palladium, nickel, silver and gold; each
of x, y and z represents the atomic fraction of respective elements; and
0.01 [err] x [err] 0.1, 0.35 [err] y [err] 0.65 and 0.2 [err] z [err] 0.4;
provided that when M is silver, 0.57 [err] y [err] 0.65. 2. An optical
recording medium according to claim 1, wherein the composition of said
recording layer 20     comprises a solid solution of an alloy between at
least one of palladium, nickel, silver, and gold; antimony; and tellurium,
with a stoichiometric compound GeTe (germanium telluride). 3. An optical
recording medium according to claim 1 or 2, wherein M is at least one metal
selected from palladium, nickel and gold. 25 4. An optical recording medium
according to claim 1 or 2, wherein 0.35 [err] y [err] 0.65 and M is a Pd
and/or Ni element. 5. An optical recording medium according to any
preceding claim, which comprises a substrate/first 30      protective
layer/recording layer/second protective layer. 6. An optical recording
medium according to any one of claims 1 to 4, which comprises a
substrate/first protective layer/recording layer/second layer/reflective
layer. 35  7. An optical recording medium according to claim 6, wherein
said first protective layer is 50 nm to 300 nm thick, said second
protective layer is 150 nm to 250 nm thick, said recording layer is 10 nm
to 60 nm thick, and said reflective layer is 20 nm to 100 nm thick. 8  An
optical recording medium according to claim 6 or 7, wherein the material of
said reflective layer is 40      hafnium (Hf), tantalum (Ta) or an alloy
containing Hf or Ta as its principal component. 9. An optical recording
medium according to claim 7 or 8, wherein M is Pd and 0.45 [err] y [err]
0.65. 10. An optical recording medium according to claim 6, wherein said
first protective layer is 50 nm to 300 45      nm thick, said second
protective layer is 10 nm to 30 nm thick, said recording layer is 10 nm to
60 nm thick, and said reflective layer is 20 nm to 100 nm thick. 11. An
optical recording medium according to claim 6 or 10, wherein the material
of said reflective layer is Au or Al or an alloy containing Au or Al as its
principal component. 50 12. An optical recording medium according to claim
10 or 11, wherein M is Pd and 0.35 [err] y [err] 0.45. 3. Use of an alloy
in a recording layer of an optical recording medium, which alloy has the
formula [err] wherein M, x and y are as defined in claim 1. 55 14. Use of
an alloy composition in a recording layer of an optical recording medium,
which alloy composition has the formula [err] wherein M, x, y and z are as
defined in claim 1.    EP 0 373 955 B1 dB and the erasability of 28 dB
could be obtained and the optical recording medium of the present invention
was confirmed to have excellent overwrite characteristics. Claims 5 1. An
optical recording medium comprising a substrate and at least each of a
recording layer and a protective layer, said recording layer being formed
on said substrate for recording information thereon or reading or erasing
the information on record thereon by light-irradiation on the recording
layer, wherein the recording and erasing of information take place through
a phase transition between an 10     amorphous phase and a crystalline
phase in said recording layer, said recording layer having a composition
represented by the following formula: (err) 15     wherein M is at least
one metal selected from palladium, nickel, silver and gold; each of x, y
and z represents the atomic fraction of respective elements; and 0.01 [err]
x [err] 0.1, 0.35 S y [err] 0.65 and 0.2 [err] z S 



0.4; provided that when M is silver, 0.57 [err] y [err] 0.65. 2. An optical
recording medium according to claim 1, wherein the composition of said
recording layer 20     comprises a solid solution of an alloy between at
least one of palladium, nickel, silver, and gold; antimony; and tellurium,
with a stoichiometric compound GeTe (germanium telluride). 3. An optical
recording medium according to claim 1 or 2, wherein M is at least one metal
selected from palladium, nickel and gold. 25 4. An optical recording medium
according to claim 1 or 2, wherein 0.35 [err] y [err] 0.65 and M is a Pd
and/or Ni element. 5. An optical recording medium according to any
preceding claim, which comprises a substrate/first 30      protective
layer/recording layer/second protective layer. 6. An optical recording
medium according to any one of claims 1 to 4. which comprises a
substrate/first protective layer/recording layer/second layer/reflective
layer. 35  7. An optical recording medium according to claim 6, wherein
said first protective layer is 50 nm to 300 nm thick, said second
protective layer is 150 nm to 250 nm thick, said recording layer is 10 nm
to 60 nm thick, and said reflective layer is 20 nm to 100 nm thick. 8 An
optical recording medium according to claim 6 or 7, wherein the material of
said reflective layer is 40     hafnium (Hf), tantalum (Ta) or an alloy
containing Hf or Ta as its principal component. 9. An optical recording
medium according to claim 7 or 8, wherein M is Pd and 0.45 [err] y [err]
0.65. 10. An optical recording medium according to claim 6, wherein said
first protective layer is 50 nm to 300 45      nm thick, said second
protective layer is 10 nm to 30 nm thick, said recording layer is 10 nm to
60 nm thick, and said reflective layer is 20 nm to 100 nm thick. 11. An
optical recording medium according to claim 6 or 10, wherein the material
of said reflective layer is Au or Al or an alloy containing Au or Al as its
principal component. so 12. An optical recording medium according to claim
10 or 11, wherein M is Pd and 0.35 [err] y S 0.45. 13. Use of an alloy in a
recording layer of an optical recording medium, which alloy has the formula
(err), wherein M, x and y are as defined in claim 1. 55 14. Use of an alloy
composition in a recording layer of an optical recording medium, which
alloy composition has the formula (err)wherein M, x, y and z are as defined
in claim 1.    EP 0 373 955 B1               [err] * C   L  M  S * 15. An
optical recording medium including a recording layer having a composition
as defined in claim 1. Patentansprliche s  1. Optischer Aufzeichnungstrager
mit einem Substrat und jeweils wenigstens einer Aufzeichnungsschicht und
Schutzschicht, wobei die Aufzeichnungsschicht auf dem Substrat zum
Aufzeichnen von Informatio- nen darauf oder zum Lesen oder Lo-schen der
Informationen auf der Aufzeichnung darauf durch Lichtbestrahlung der
Aufzeichnungsschicht gebildet ist, worin die Aufzeichnung und L6schung von
Informationen durch eine PhasenEberfEhrung zwischen einer amorphen Phase
und einer kristallinen tO     Phase in der Aufzeichnungsschicht
stattfindet, wobei die Aufzeichnungsschicht eine Zusammensetzung besitzt,
die durch die folgende Formel wiedergegeben wird: (MxSbyTe, _.x-y)1 _
z(Teo.5GeO.5)z, 15     worin M wenigstens ein unter Palladium, Nickel,
Silber und Gold ausgewdhltes Metall ist. x, y und z jeweils den Atomanteil
der betreffenden Elemente bedeuten und 0,01 S x S 0,1 ist, 0,35 S y S 0,65
ist und 0,2 S z S 0,4 ist, vorausgesetzt, daR 0,75 5 y S 0,66 ist, wenn M
Silber ist. 2. Optischer Aufzeichnungstrager nach Anspruch 1, bei dam die
Zusammensetzung der Aufzeichnungs- 20     schicht eine feste Losung einer
Legierung zwischen wenigstens einem der Elemente Palladium, Nickel, Silber
und Gold, Antimon und Tellur mit einer stochiometrischen Verbindung GeTe
(Germaniumtellurid) 



umrfalt. 3. Optischer Aufzeichnungstrager nach Anspruch 1 oder 2, bei dem M
wenigstens ein unter Palladium, 25     Nickel und Gold ausgewahItes Metall
ist. 4. Optischer Aufzeichnungstrager nach Anspruch 1 oder 2, bei dem 0,35
S y S 0.65 ist und M das Elemente Pd und/oder Ni ist. 3o  5. Optischer
Aufzeichnungstrager nach einem der vorausgehenden AnsprOche, der
Substratterste Schutz- schicht/Aufzeichnungsschicht/zweite Schutzschicht
umfal3t. 6. Optischer Aufzeichnungstrager nach einem der AnsprUche 1 bis 4,
der Substratterste Schutz- schicht/Aufzeichnungsschichtlzweite
Schicht/reflektierende Schicht umfal3t. 35 7. Optischer Aufzeichnungstrager
nach Anspruch 6, bei dem die erste Schutzschicht 50 mm bis 300 nm dick ist,
die zweite Schutzschicht 150 mm bis 250 nm dickt ist, die
Aufzeichnungeschicht 10 nm bis 60 nm dick ist und die reflektierende
Schicht 20 nm bis 100 nm dick ist. 40  8. Optischer Aufzeichnungstrager
nach Anspruch 6 oder 7, bei dam dam Material der reflektierenden Schicht
Hafnium  (Hf), Tantal (Ta) oder eine Hf oder Ta als ihre Hauptkomponents
enthaltende Legierung ist. 9. Optischer Aufzeichnungstrager nach Anspruch 7
oder 8, bei dem M Pd ist und 0,45 9 y S 0.65 ist. 45 10. Optischer
Aufzeichnungstrager nach Anspruch 6, bei dam die erste Schutzschicht 50 nm
bis 300 nm dick ist, die zweite Schutzschicht 10 nm bis 30 nm dick ist, die
Aufzeichnungeschicht 10 nm bin 60 nm dick ist und die reflektierende
Schicht 20 nm bis 100 nm dick ist. 5o  11. Optischer Aufzeichnungstrager
nach Anspruch 6 oder 10, bei dam das Material der reflektierenden Schicht
Au odor Al oder eine Au oder Al als Hauptkomponente enthaltende Legierung
ist. 12. Optischer Aufzeichnungstrager nach Anspruch 10 oder 11, bei dem M
Pd ist und 0,35 S y S 0,45 ist. 56  13. Verwendung einer Legierung, die die
Formal (MSbTel-,-y) hat, worin M, x und y wie in Anspruch 1 definiert sind,
in einer Aufzeichnungsschicht eines optischen Aufzeichnungstr~gers. 12
EP 0 373 955 81              | ||| |||| ||  |      l| * C   L  M   S* 14.
Verwendung einer Legierungszusammensetzung, die die Formel (MxSbyTej -xy)j-
(Te05(Ge0s z hat, worin M, x, y und z wie in Anspruch 1 definiert sind, in
einer Aufzeichnungsschicht eines optischen Aufzeichnungstragers. s  15.
Optischer Aufzeichnungstrager mit einer Aufzeichnungsschicht mit einer
Zusammensetzung wie in Anspruch 1 definiert. Revendications 1o  1. Support
d'enregistrement optique comprenant un substrat et au moins une couche
d'enregistrement et une couche protectrice, ladite couche d'enregistrament
6tant form6e sur ledit substrat pour enregistrer des informations sur
celle-ci ou lire ou effacer les informations apr~s l'enregistrement sur
celle-ci par exposition a un rayonnement lumineux sur la couche
d'enregistrement, I'enregistrement et l'effacement des informations
s'effectuant par l'interm6diaire d'une transition de phase entre une phase
amorphe et 15     une phase cristalline dans ladite couche d
enregistrement, ladite couche d'enregistrement ayant une composition qui
est repr6sentee par la formule suivante: (MxSbyTel - x- y)- z(TeosGeO.5)2
20     oO M repr6sente au moins un metal choisi dans l'ensemble constitue
par le palladium, le nickel, I'argent et l'or ; x, y et z repr6sentent
chacun la fraction atomique des 6lements respectifs ; et 0,01 s x S 0,1,
0,35 S y S 0,65 et 0,2 S z S 0,4 ; a la condition que 0,57 S y S 0,65 quand
M represente l'argent. 2. Support d'enregistrement optique selon la
revendication 1, ob la composition de ladite couche 25     d'enregistrement
comprend une solution solide d'un alliage forme d'au moins un des 6lements
palladium, nickel, argent et or ; de I'antimoine ; et du tellure, avec un
compos6 stoechiom6trique GeTe (tellurure de germanium). 



3. Support d'enregistrement optique selon la revendication 1 ou 2, ou M est
au moins un m6tal choisi 30     dans lensernble constitu6 par le palladium,
le nickel et l'or. 4. Support d'enregistrement optique selon la
revendication 1 ou 2, oO 0,35 5 y S 0,65, et M represente un 6lement Pd
etlou Ni. 35 5. Support d'enregistrement optique selon l'une quelconque des
revendications pr6cedentes, comprenant un substrat/une premiere couche
protectrice/une couche d'enregistrement/une dauxieme couche pro- tectrice.
6. Support d'enregistrement optique selon l'une quelconque des
revendications 1 a 4, comprenant un 40     substrattune premibre couche
protectrice/une couche d'enregistrement/une deuxibme couche protectri-
ce/une couche reflechissante. 7. Support d'enregistrement optique selon la
revendication 6, odi ladite premibre couche protectrice a une 6paisseur
valant de 50 nm a 300 nm, ladite deuxieme couche protectrice a une
epaisseur valant de 45     150 nm a 250 nm, ladite couche d'enregistrement
a une epaisseur valant de 10 nm a 60 nm, et ladite couche r6fl6chissante a
une epaisseur valant de 20 nm a 100 nm. 8. Support d'enregistrement optique
salon la revendication 6 ou 7, ob) le materiau de ladite couche
refl6chissante est l'hafnium (Hf), le tantale (Ta) ou un alliage contenant
Hf ou Ta comme principal 50     composant. 9. Support d'enregistrement
optique selon la revendication 7 ou 8, ob M represente Pd, at 0,45 5 y S
0,65. 55 10. Support d'enregistrement optique selon la revendication 6, ob
ladite premi~re couche protectrice a une epaisssur valant de 50 nm a 300
nm, ladite deuxieme couche protectrice a une epaisseur valant de 10 nm a 30
nm, ladite couche d'enregistrement a une 6paisseur valant de 10 nm a 60 nm,
et ladite couche refl6chissante a une 6paisseur valant de 20 nm a 100 nm.
13    EP O 373 955 B1                | |||| |      IlI| || |||| *>C   L   M
S 11. Support d'enregistrement optique selon la revendication 6 ou 10, obu
le materiau de ladite couche r6flechissante est Au ou Al ou un alliage
contenant Au ou Al comme principal composant. 12. Support d'enregistrement
optique selon la revendication 10 ou 11, oO M repr6sente Pd, et 0,35 S y s
5      0,45. 13. Utilisation d'un alliage dans une couche d'enregistrement
d'un support d'enregistrement optique, loquel alliage repond a la formule
(MSbyTe1-,-y), oCi M, x et y sont tels quo d6finis dans la revendication 1.
0o 14. Utilisation d'une composition d'alliage dans une couche
d'enregistrement d'un support d'enregistrement optique, lequel alliage
repond a la formule: (MxSbyTe1 -  - z(Teo,5Geo.5)2, is     ob M, x, y et z
sont tels que d6finis dans la revendication 1. 15. Support d'enregistrement
optique comprenant une couche d'enregistrement ayant une composition telle
que definie dans la revendication 1. 20 25 30 35 40 45 50 55 14    


