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(54) Optical recording medium

(57) There is provided an optical recording medium
having a phase-change recording layer formed based
on a drastically new concept of making the content of
Mn still higher than the prior art while using Sb as a main
component. The optical recording medium(1) has a re-

cording layer(5) composed of a plurality of elements,
and the recording layer(5) contains Sb, and also has an
Mn content of more than 20 atomic % but not more than
40 atomic %, on condition that the total amount of all the
elements composing the recording layer(5) is 100 atom-
ic %.



EP 1 372 149 A1

2

5

10

15

20

25

30

35

40

45

50

55

Description

[0001] This invention relates to an optical recording
medium having a phase-change recording layer.
[0002] In recent years, attention has been drawn to
optical recording media on which high-density recording
as well as additional writing and rewriting (overwriting)
of recording information can be performed. The addi-
tionally writable and rewritable optical recording media
include a phase-change optical recording medium on
which information (recording information) is recorded by
changing a crystalline state of a recording layer thereof
by irradiation of a laser beam thereto, and from which
the recorded information is reproduced by detecting the
difference of reflectivity caused by the changes in the
crystalline state. This phase-change optical recording
medium captures attention particularly with the capabil-
ity of rewriting by modulation of the intensity of a single
laser beam, and the capability of recording and repro-
ducing information using an optical system having a
simpler construction than an optical system for a mag-
neto-optical recording medium.
[0003] In general, to record information on a rewrita-
ble phase-change optical recording medium, first, a
whole recording layer is initialized to a crystalline state,
and then a laser beam having a power (recording power)
high enough to heat the recording layer to a temperature
above a melting point is irradiated onto the phase-
change optical recording medium. At this time, the re-
cording layer of portions of the recording medium onto
which the laser beam having the recording power is ir-
radiated is melted, and then rapidly cooled, whereby
amorphous recording marks are formed. On the other
hand, to erase the recording marks from the rewritable
phase-change optical recording medium, a laser beam
having a power (erasing power) which can heat the re-
cording layer to a temperature above a crystallization
temperature is irradiated to the phase-change optical re-
cording medium. At this time, the recording layer of por-
tions of the recording medium onto which the laser beam
having the erasing power is irradiated is heated to the
temperature above the crystallization temperature, and
then slowly cooled, whereby the recording marks (amor-
phous portions) are returned to the crystalline state (i.e.
erased). Thus, in the rewritable phase-change optical
recording medium, it is possible to perform rewriting by
modulating the intensity of a single optical beam.
[0004] In a phase-change optical recording medium
of the above type, as disclosed e.g. in Japanese Laid-
Open Patent Publications (Kokai) No. 10-326436 and
No. 8-224961, a chalcogenide compound, such as a
Ge-Sb-Te-based material or an Ag-In-Sb-Te-based ma-
terial, which contains Sb as a main component and chal-
cogen, such as Te or Se, as another main component,
is generally used to form a phase-change recording lay-
er, due to a large difference in reflectance between the
crystalline state and the amorphous state and relatively
high stability of the amorphous state. Today, as de-

scribed above, it is taken for granted by those skilled in
the art that a phase-change recording layer should con-
tain chalcogen. Further, it is also known that various el-
ements including Mn are added as additive elements to
the Ge-Sb-Te-based material or the Ag-In-Sb-Te-based
material, as disclosed in the above-mentioned publica-
tions (Japanese Laid-Open Patent Publication (Kokai)
No. 10-326436, etc.). These additive elements are used
for effects, such as increasing the crystallization speed
(speed of crystal transformation) and enhancing stability
against aging. However, too much addition of such ad-
ditive elements degrades other characteristics or prop-
erties of the recording layer. To avoid this, in both of the
above-mentioned publications, there is a description
limiting the amount of additive elements to 20 atomic %
or less.
[0005] However, through evaluation of various phase-
change optical recording media prepared by changing
other component elements than Sb contained in a re-
cording layer as a main component and/or the compo-
sition ratio of elements composing a recording layer, the
present inventor found that by making the content of Mn
still higher, it is possible to form a recording layer having
recording characteristics (including rewriting speed and
thermal stability) as excellent as or more excellent than
those of conventional phase-change recording layers.
[0006] It is an object of the present invention to pro-
vide an optical recording medium having a phase-
change recording layer formed based on a drastically
new concept of making the content of Mn still higher than
the prior art while using Sb as a main component.
[0007] To attain the above object, according to a first
aspect of the invention, there is provided an optical re-
cording medium having a recording layer composed of
a plurality of elements, wherein the recording layer con-
tains Sb, and also has an Mn content of more than 20
atomic % but not more than 40 atomic %, on condition
that a total amount of all the elements composing the
recording layer is 100 atomic %.
[0008] According to this optical recording medium, the
recording layer is formed such that it contains Sb and
also has an Mn content of more than 20 atomic % but
not more than 40 atomic %. This makes it possible to
increase the crystallization temperature and the rewrit-
ing speed, through the use of Mn, which has been con-
ventionally regarded as a mere additive element, to re-
spective levels equal to or higher than those of optical
recording media having a recording layer containing
chalcogen as a main component.
[0009] To attain the above object, according to a sec-
ond aspect of the present invention, there is provided
an optical recording medium having a recording layer
composed of a plurality of elements, wherein the record-
ing layer contains Sb, Mn, and Te, and is formed such
that conditions of 20 % a < 80, 20 < b % 40, 0 % c % 40,
and a + b + c = 100 are satisfied, when a composition
of the recording layer is expressed by SbaMnbTec, and
a, b, and c are expressed in terms of atomic %.
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[0010] According to this optical recording medium,
when the composition of the recording layer is ex-
pressed by SbaMnbTec, and a, b and c are expressed in
terms of atomic %, a, b and c are set such that 20 % a
< 80, 20 < b % 40, 0 % c % 40, and a + b + c = 100 hold.
This makes it possible to increase the crystallization
temperature and the rewriting speed, through the use of
Mn, which has been conventionally regarded as a mere
additive element, to respective levels equal to or higher
than those of optical recording media having a recording
layer containing chalcogen as a main component.
[0011] Preferably, the recording layer is formed such
that conditions of -0.646a + 49.46 % d % -0.354a +
50.54, -0.646a + 49.46 % e % -0.354a + 50.54, d ^ 0,
e ^ 0, and d + e = 100 - a are satisfied, when the com-
position of the recording layer is expressed by SbaM-
ndTee, and d and e are expressed in terms of atomic %.
[0012] According to this preferred embodiment, when
the composition of the recording layer is expressed by
SbaMndTee, and d and e are expressed in terms of atom-
ic %, d and e are set such that -0.646a + 49.46 % d %

-0.354a + 50.54, -0.646a + 49.46 % e % -0.354a + 50.54,
d ^ 0, e ^ 0, and d + e = 100 - a hold, whereby it is
possible to provide an optical recording medium which
offers a still higher rewriting speed in a range of approx-
imately 100 Mbps to approximately 200 Mbps.
[0013] More preferably, the recording layer contains
at least element M selected from the group consisting
of In, Ag, and Ge, as an additive element, and is formed
such that a condition of 0 < f % 15 is satisfied, when a
composition of the recording layer is expressed by (Sb
(MnTe))100-fMf, and f is expressed in terms of atomic %.
[0014] According to this preferred embodiment, the
recording layer contains at least one element M selected
from the group consisting of In, Ag and Ge, as an addi-
tive element, and is formed such that 0 < f % 15 holds,
when the composition of the recording layer is ex-
pressed by (Sb(MnTe))100-fMf, and f is expressed in
terms of atomic %. This makes it possible to further im-
prove storage characteristics of the recording medium.
[0015] It should be noted that the disclosure of the
present specification relates to the subject included in
Japanese Patent Application No. 2002-173801 which
was filed on June 14, 2002, and all of the disclosure
thereby is expressly incorporated herein by reference.
[0016] These and other objects and features of the
present invention will be explained in more detail below
with reference to the attached drawings, wherein:
[0017] FIG. 1 is a cross-sectional view showing the
construction of a recording medium according to an em-
bodiment of the invention;
[0018] FIG. 2 is a diagram of a table showing results
of experiments, which is useful for explaining the rela-
tionship between the composition of a recording layer
of each sample, and the rewriting speed, crystallization
temperature, and activation energy of the recording lay-
er;
[0019] FIG. 3 is a 3-component composition diagram

useful for explaining the relationship between the com-
position of the recording layer and the rewriting speed;
and
[0020] FIG. 4 is a 3-component composition diagram
showing the relationship between the composition of the
recording layer and the crystallization temperature and
activation energy of the recording layer.
[0021] An optical recording medium according to the
present invention includes a recording layer containing
at least Sb and Mn, and further Te. More specifically, the
composition of the recording layer of the optical record-
ing medium is expressed by the following formula (1) :

wherein a, b and c are expressed in terms of atomic %.
In the above formula, a, b and c are defined to satisfy
the following conditions:

20 % a < 80
20 < b % 40
0 % c % 40
a + b + c = 100

[0022] If the content a of Sb is too little in the above
formula (1), the crystallization speed is sharply reduced,
which makes it difficult to erase or rewrite recording in-
formation. Therefore, it is preferred that the content a of
Sb is set to 20 atomic % or more. On the other hand, it
is known that if the content a of Sb is too much, a change
in reflectance caused by a phase change becomes
small, which reduces the degree of modulation of the
recording layer.
[0023] Further, if the content b of Mn is too little in the
above formula (1), the effect of improving thermal sta-
bility cannot be sufficiently obtained, which degrades
storage characteristics. So long as the content b of Mn
is more than 20 atomic %, it is possible to positively en-
sure sufficient thermal stability. On the other hand, if the
content b of Mn is too much, the crystallization speed
becomes low, which makes it difficult to erase recording
information. Therefore, in order to ensure a sufficient
crystallization speed while maintaining excellent ther-
mal stability, it is preferred that the content b of Mn is
set to more than 20 atomic % but not more than 40 atom-
ic %.
[0024] Further, it is preferable that Te, which has the
effect of increasing the degree of modulation, is con-
tained in the recording layer. However, if the content c
of Te is too much, the crystallization speed becomes too
low, which makes it difficult to erase recording informa-
tion. Therefore, in order to maintain a sufficient crystal-
lization speed, it is preferred that the content c of Te is
set to 40 atomic % or less.
[0025] From the above, to sufficiently improve thermal
stability through addition of Mn, it is necessary to cause

SbaMnbTec (1)
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Mn to be contained in the recording layer in excess of
20 atomic %, and hence it is necessary to set the content
a of Sb to be less than 80 atomic %.
[0026] Further, if the content c of Te is increased, the
crystallization speed is lowered. However, when atten-
tion is paid to the ratio between the content b of Mn and
the content c of Te, if the content b of Mn and the content
c of Te is approximately 1 : 1, that is, if the composition
ratio (b : c) between Mn and Te is set to be in the vicinity
of 50 : 50, it is possible to increase the crystallization
speed. For this reason, it is preferred that the content c
of Te is increased with an increase in the content b of
Mn, or decreased with a decrease in the same. More
specifically, the composition of the recording layer is fur-
ther expressed from a viewpoint different from that of
the above formula (1) by the following formula (2):

wherein when d and e are expressed in terms of atomic
%. In the above formula (2), the composition ratio be-
tween Mn and Te is set to satisfy the following condi-
tions:

-0.646a + 49.46 % d % -0.354a + 50.54
-0.646a + 49.46 % e % -0.354a + 50.54
d ^ 0
e ^ 0
d + e = 100 - a

[0027] This configuration makes it possible to simul-
taneously attain a further increased crystallization
speed (or increased rewriting speed) and excellent ther-
mal stability. For example, it is possible to increase the
rewriting speed up to a range of approximately 100 Mb-
ps to approximately 200 Mbps while maintaining the
crystallization temperature above 200 °C. Thus, a re-
cording layer can be realized which enables high-speed
rewriting and at the same time has excellent storage
characteristics.
[0028] Further, the recording layer can contain not on-
ly the above elements, but also other elements added
thereto as required. As such additive elements, there
may be mentioned at least one element (element M) se-
lected from the group consisting of Ge, In, and Ag.
These additive elements have a function of increasing
the crystallization temperature of the recording layer,
thereby further enhancing the storage characteristics of
the recording medium. If the content of these additive
elements is too much, a change in reflectance caused
by a phase change becomes small, which makes it dif-
ficult to obtain a sufficient degree of modulation of the
recording layer. Therefore, it is preferred that the content
f of the additive elements relative to all the materials
composing the recording layer is set to more than 0
atomic % but not more than 15 atomic %.

SbaMndTee (2)

[0029] Further, it is preferred that the recording layer
is formed to have a thickness within a range of 4 to 50
nm, and it is more preferred that the thickness is within
a range of 5 to 30 nm. When the thickness is too small,
growth of the crystalline phase is made difficult, and the
difference of reflectivity caused by the phase change be-
comes insufficient. On the other hand, when the thick-
ness is too large, the thermal conductivity of the record-
ing layer is increased, and the reflectivity and the degree
of modulation are reduced, which makes it difficult to
perform the recording.
[0030] It should be noted that the composition of the
recording layer can be measured by EPMA (Electron
Probe Microanalysis), X-ray microanalysis, ICP, or the
like. Further, it is preferred that the recording layer is
formed by a sputtering method. In this case, sputtering
conditions are not particularly limited, but when a mate-
rial containing a plurality of elements is sputtered, for
example, an alloy target may be used, or alternatively,
a multi-source sputtering method using a plurality of tar-
gets may be employed.
[0031] The optical recording medium according to the
present invention is not particularly limited in construc-
tion except for the composition of the recording layer.
For example, FIG. 1 shows an example of the construc-
tion of a general phase-change optical recording medi-
um 1 according to an embodiment of the invention in
which a reflection layer 3, a second dielectric layer 4b,
a recording layer 5, a first dielectric layer 4a, and a light
transmission layer 6 are sequentially deposited on a
substrate 2. In this optical recording medium 1, a laser
beam for recording/reproduction is irradiated to the re-
cording layer 5 via the light transmission layer 6. How-
ever, it is also possible to construct an optical recording
medium adapted to irradiation of a laser beam for re-
cording/reproduction to a recording layer thereof via a
substrate. In this case, although not shown, a first die-
lectric layer, a recording layer, a second dielectric layer,
a reflection layer, and a protective layer are sequentially
deposited on the substrate in the mentioned order from
the substrate side.

[Examples]

[0032] The invention will now be described in detail
by giving examples.

(Experiment 1)

[0033] A polycarbonate disk having a diameter of 120
mm and a thickness of 1.1 mm, which was formed by
injection molding such that grooves were simultaneous-
ly formed therein, was used as a substrate 2, and on the
surface of the substrate 2, there were sequentially
formed a reflection layer 3, a second dielectric layer 4b,
a recording layer 5, a first dielectric layer 4a, and a light
transmission layer 6, as shown in FIG. 1. A plurality of
optical recording disks were thus prepared as Samples
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No. 1 to No. 27. FIG. 2 shows the respective composi-
tions of the recording layers 5 of Samples No. 1 to No.
27, each of which can be expressed by the formula (1).
Samples No. 3, No. 4, No. 8, No. 9, No. 13 to No. 15,
No. 19 to No. 21, No. 25 and No. 26 are Examples of
the invention, and Samples No. 1, No. 2, No. 5 to No. 7,
No. 10 to No. 12, No. 16 to No. 18, No. 22 to No. 24,
and No. 27 are Comparative Examples.
[0034] The reflection layer 3 was formed by a sputter-
ing method in an Ar atmosphere. A composition of Ag,
Pd and Cu (= 98 : 1 : 1) was used as a target. Further,
the reflection layer 3 was formed to have a thickness of
100 nm.
[0035] The second dielectric layer 4b was formed by
a sputtering method in an Ar atmosphere by using an
Al2O3 target. Further, the second dielectric layer 4b was
formed to have a thickness of 7 nm. The recording layer
5 was formed by a ternary sputtering method in an Ar
atmosphere by using an Sb target, an Mn target, and a
Te target. Further, the recording layer 5 was formed to
have a thickness of 14 nm. The first dielectric layer 4a
was formed by a sputtering method in an Ar atmosphere
by using a ZnS(80 mol%)-SiO2(20 mol%) target. Fur-
ther, the first dielectric layer 4a was formed to have a
thickness of 110 nm. The light transmission layer 6 was
formed from an ultraviolet-curing acrylic resin by a spin
coating method.
[0036] After the respective recording layers 5 of the
samples were initialized (crystallized) using a bulk eras-
er, the samples were placed on an optical recording me-
dium evaluator, one after another, for recording under
the conditions of a laser wavelength of 405 nm, a nu-
merical aperture NA of 0.85, and a recording signal us-
ing (1, 7) RLL modulation signal. A recording/erasing lin-
ear velocity was optimized on a sample-by-sample ba-
sis. Then, a laser beam was irradiated onto each of the
samples having data recorded thereon (recorded data)
while varying the linear velocity, to erase the data, and
when the data was erased up to -30 dB, the linear ve-
locity was measured to thereby calculate a maximum
rewriting speed (Mbps). The respective maximum re-
writing speeds of the samples are shown in FIG. 2. FIG.
3 show a 3-component composition diagram prepared
based on FIG. 2, for illustrating the relationship between
the composition of the recording layer 5 and the rewrit-
ing speed.
[0037] As shown in FIG. 3, even when a recording lay-
er 5 contains Sb and further has an Mn content of more
than 20 atomic % but not more than 40 atomic % as in
the samples formed as Examples (samples in a dotted
area of FIG. 3), so long as the content c of Te is set within
a range of 0 % c % 40, the rewriting speed exceeds 10
Mbps. It is therefore clear that the recording layer 5 en-
ables rewriting of data similarly to a conventional record-
ing layer containing Sb as a main component and chal-
cogen, such as Te or Se, as another main component.
Further, it is clear from Samples No. 3 and No. 4 that
even if a recording layer 5 is formed of Sb and Mn alone

without containing chalcogen, the recording layer 5 en-
ables rewriting of data similarly to the conventional re-
cording layer containing chalcogen as another main
component.
[0038] Moreover, according to the diagram of FIG. 3,
when attention is directed out of all Samples No. 1 to
No. 27 to those exhibiting very high rewriting speeds
(above approximately 140 Mbps), these samples are
distributed in an area spreading from the lower right-
hand corner of the diagram to the central portion of the
same, with a straight line indicating a composition ratio
(d : e) of 50 : 50 between Mn and Te as a center. Par-
ticularly, an area where the content of Mn exceeds 20
atomic % shows a distribution of such samples concen-
trated in the vicinity of this straight line. Therefore, it is
understood that in the case of recording layers 5 with
an Mn content of more than 20 atomic % but not more
than 40 atomic %, it is possible to achieve an extremely
high rewriting speed (within a range of approximately
140 Mbps to approximately 200 Mbps) by setting the
composition ratio (d : e) between Mn and Te to approx-
imately 50 : 50. Samples No. 13, No. 19, No. 20, and
No. 21 correspond to such recording layers 5. Further,
in FIG. 3, when attention is directed to samples exhibit-
ing high rewriting speeds above approximately 100 Mb-
ps, these samples are distributed around the above-
mentioned samples exhibiting very high rewriting
speeds, and almost all of them are found in an area
sandwiched between two broken lines (a broken line in-
dicating lower limit values of the content of Mn =
-0.646Sb + 49.46 and a broken line indicating upper limit
values of the content of Mn = -0.354Sb + 50.54) in FIG.
3. Therefore, it is understood that in the case of the re-
cording layers 5 of these samples, it is possible to
achieve high-speed rewriting speeds (i.e. increase re-
writing speed up to approximately 100 Mbps or higher)
by setting the contents d, e of Mn and Te to values within
the area sandwiched between the broken lines indicat-
ing the lower limit values of the content of Mn = -0.646Sb
+ 49.46 and the upper limit values of the content of Mn
= -0.354Sb + 50.54) in FIG. 3. Samples No. 8, No. 14
and No. 26 correspond to such recording layers 5 (see
FIGS. 2 and 3). It should be noted that although in FIG.
3, an example of specifying the contents of Mn and Te
by the broken lines indicating the upper and lower limit
values of Mn is illustrated, of course, it is also possible
to specify the contents of Mn and Te by using broken
lines indicating upper and lower limits of Te (a broken
line indicating upper limit values of the content of Te =
-0.354Sb + 50.54 and a broken line indicating lower limit
values of the content of Te = - 0.646Sb + 49.46).
[0039] However, even when the composition ratio (d :
e) between Mn and Te is set to approximately 50 : 50, if
the content Sb is set to 40 atomic % or less, the rewriting
speed becomes low, and if the content Sb is set to 30
atomic % or less, the rewriting speed becomes still low-
er. Therefore, the content Sb is set to 20 atomic % or
more, preferably to higher than 30 atomic %, and more
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preferably to higher than 40 atomic %.

(Experiment 2)

[0040] Samples No. 6 to No. 14, No. 16 to No. 20, and
No. 22 were each placed on a heating stage. Then, a
laser beam was irradiated onto the recording layer 5 of
each of the samples while increasing the temperature
at a rate of 30 °C/min, to measure a temperature at
which reflectance was changed, whereby the crystalli-
zation temperature (°C) of the recording layer 5 was cal-
culated. Further, the crystallization temperature was
measured by varying the rate of temperature rise to 20
°C/min, 50 °C/min, and 60 °C/min, and the activation
energy (eV) of the recording layer 5 was calculated by
using the Kissinger plots, based on the results of the
measurement. The crystallization temperature and ac-
tivation energy of each sample are shown in FIG. 2. A
3-component composition diagram (see FIG. 4) show-
ing the relationship between the crystallization temper-
ature and activation energy, and the composition of
each recording layer 5 was also prepared.
[0041] From FIG. 4, it is understood that when the
content c of Te in the recording layer 5 is constant, the
crystallization temperature can be increased by increas-
ing the content b of Mn. It is understood that particularly
when the content b of Mn exceeds 20 atomic %, the
crystallization temperature positively exceeds 200 °C,
whereby sufficient thermal stability can be ensured. Fur-
ther, it is understood from FIG. 4 that by progressively
increasing the content b of Mn, it is possible to increase
not only the crystallization temperature but also the ac-
tivation energy up to a point, and when the content b of
Mn is further increased, the activation energy can be
maintained at a preferable level (above 2.0 eV). The ac-
tivation energy is defined as the energy of transition from
an amorphous state to a crystalline state which is more
stable. For this reason, however high the crystallization
temperature may be, if the activation energy is lowered,
the thermal stability of amorphous portions of the re-
cording layer formed by irradiation of a laser beam is
deteriorated. Therefore, it is understood that since not
only the crystallization temperature but also the activa-
tion energy can be increased up to a certain point, it is
possible to ensure excellent thermal stability.
[0042] Further, FIGS. 3 and 4 show that by setting the
content b of Mn above 20 atomic % and the composition
ratio (b : c) between Mn and Te to 50 : 50 or a value in
its vicinity, it is possible to realize a recording layer 5
which has a crystallization temperature of 200 °C or
higher and at the same time offers a rewriting speed of
higher than 200 Mbps.

Claims

1. An optical recording medium having a recording
layer composed of a plurality of elements,

wherein the recording layer contains Sb, and
also has an Mn content of more than 20 atomic %
but not more than 40 atomic %, on condition that a
total amount of all the elements composing the re-
cording layer is 100 atomic %.

2. An optical recording medium having a recording
layer composed of a plurality of elements,

wherein the recording layer contains Sb, Mn,
and Te, and is formed such that conditions of:

20 % a < 80,
20 < b % 40,
0 % c % 40, and
a + b + c = 100

are satisfied, when a composition of the recording
layer is expressed by SbaMnbTec, and a, b, and c
are expressed in terms of atomic %.

3. An optical recording medium according to claim 2,
wherein the recording layer is formed such that con-
ditions of:

-0.646a + 49.46 % d % -0.354a + 50.54,
- 0.646a + 49.46 % e % -0.354a + 50.54,
d ^ 0,
e ^ 0, and
d + e = 100 - a

are satisfied, when the composition of the recording
layer is expressed by SbaMndTee, and d and e are
expressed in terms of atomic %.

4. An optical recording medium according to any of
claim 1 to claim 3, wherein the recording layer con-
tains at least element M selected from the group
consisting of In, Ag, and Ge, as an additive element,
and is formed such that a condition of:

is satisfied, when a composition of the recording
layer is expressed by (Sb (MnTe) ) 100-fMf, and f is
expressed in terms of atomic %.

0 < f % 15
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