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EP 1 030 299 B9
Description

BACKGROUND OF THE INVENTION

Field of the Invention

[0001] The present invention relates to a magneto-optical recording medium which incorporates a signal recording
layer constituted by a thin film made of an alloy of a rare earth element and transition metal and with which magneto-
optical recording with respect to the signal recording layer is performed by a magnetic-field modulation method and a
manufacturing method therefor.

Description of the Related Art

[0002] A magneto-optical recordingmedium has been putinto practical use as an erasable recording medium exhibiting
a high recording density. The magneto-optical recording medium incorporates a signal recording layer constituted by a
thin film made of an alloy of a rare earth element and transition metal which has vertical magnetic anisotropy. Thus,
magneto-optical recording is performed so that a required signal is recorded.

[0003] The magneto-optical recording operation is performed such that the signal recording layer is irradiated with a
laser beam to raise the temperature of each of small regions in the signal recording layer. Moreover, a recording magnetic
field of about 15915.5 = 7957.75 A/m (200 = 100 Oe) is applied to a region in the vicinity of the region heated owing
to irradiation with the laser beam. Thus, the direction of magnetization of only the regions of the signal recording layer
which have been heated owing to irradiation with the laser beam is changed to a direction corresponding to the signal,
which must be recorded. As a result, the signal is recorded as the direction of the magnetization of the signal recording
layer.

[0004] The magneto-optical recording method includes a light-intensity modulation method and a magnetic-field mod-
ulation method. The light-intensity modulation method is a method of modulating the intensity of the laser beam with
which the signal recording layer is irradiated is modulated in response to the signal which must be recorded. The magnetic-
field modulation method is a method of modulation the intensity of the recording magnetic field, which must be applied
to the signal recording layer, is modulated in response to the signal which must be recorded.

[0005] The magnetic-field modulation method, which is one of the magneto-optical recording methods, is required to,
at high speed, switches the polarity of the recording magnetic field in response to the signal which must be recorded.
When the polarity of the recording magnetic field is switched at high speed, a great magnetic field cannot easily be
applied. Therefore, when the magnetic-field modulation method is employed, there is a necessity that sufficient recording
can be performed even with a weak magnetic field of about 7957. 75 A/m (100 Oe) even if the polarity of the recording
magnetic field is switched at high speed.

[0006] Therefore, when the magnetic-field modulation method is employed, the magneto-optical recording medium
must have substantially the same recording characteristics in a range of the magnetic field from about 7957.57 A/m (100
Oe) to about 23873.25 A/m (300 Oe) Namely, the magneto-optical recording medium adapted to the magnetic-field
modulation method must have stable recording characteristics even if the intensity of the recording magnetic field is
somewhat changed.

[0007] To meet the above-mentioned requirement, a means has been devised with which the signal recording layer
is formed into a laminate structure to improve the characteristics of the signal recording layer. When the signal recording
layer is formed into the laminate structure, there arises a problem in that the manufacturing process becomes too
complicated.

[0008] Therefore, another method has been devised with which the surface of the signal recording layer is oxidized
to improve the characteristics of the signal recording layer. When the surface of the signal recording layer is oxidized,
the signal recording layer is formed into a substantially two-layer structure. As a result, the characteristics of the signal
recording layer can be improved. That is, oxidation of the surface of the signal recording layer enables a signal recording
layer having a substantially laminate structure to be obtained without a necessity using plural types of magnetic materials
to form the signal recording layer. Hence it follows that the characteristics of the signal recording layer can be improved.
[0009] However, oxidation of the signal recording layer cannot always improve the characteristics. The characteristics
sometimes deteriorate according to the oxidizing conditions. In particular, excessive oxidation of the signal recording
layer excessively deteriorate the recording characteristic of the manufactured magnetic recording medium.

[0010] JP 63-032748 A discloses a magneto-optical recording medium comprising a disc substrate on which a first
dielectric layer, a signal recording layer constituted by a thin film made of an alloy of a rare earth element and transition
metal, a second dielectric layer, a light reflecting layer and a protective layer are sequentially formed so that magneto-
optical recording of the signal recording layer is performed by a magnetic-field modulation method wherein the signal
recording layer is made of TbFeCo and Tb is contained in the signal recording layer in a quantity of 22.8, 23.8, 24.4 at%
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[0011] JP 06-111405 A discloses a magneto-optical recording medium comprising a disc substrate on which a first
dielectric layer, a signal recording layer constituted by a thin film made of an alloy of a rare earth element and transition
metal, an oxidized layer formed by oxidizing the surface of the signal recording layer, a second dielectric layer and a
light reflecting layer are sequentially formed so that magneto-optical recording of the signal recording layer is performed
by a magnetic-field modulation method, wherein the signal recording layer is made of TbFeCoCr and a method of
manufacturing such a medium by forming the signal recording layer and exposing the formed signal recording layer to
oxygen so that the surface of the signal recording layer is oxidized.

[0012] JP 06-150415 A discloses a magneto-optical recording medium comprising a disc substrate on which a first
dielectric layer, a signal recording layer constituted by a thin film made of an alloy of a rare earth element and transition
metal, an oxidized layer formed by oxidizing the surface of the signal recording layer, a second dielectric layer and a
light reflecting layer are sequentially formed so that magneto-optical recording of the signal recording layer is performed
by a magnetic-field modulation method, wherein the signal recording layer is made of TbFeCo and a method of manu-
facturing such a medium by forming the signal recording layer and exposing the formed signal recording layer to oxygen
at 0.6 -10.8 Pa sec so that the surface of the signal recording layer is oxidized.

[0013] JP 03-066048 A discloses a magneto-optical recording medium comprising a disc substrate on which a first
dielectric layer, a signal recording layer constituted by a thin film made of an alloy of a rare earth element and transition
metal, an oxidized layer formed by oxidizing the surface of the signal recording layer, a second dielectric layer and a
light reflecting layer are sequentially formed so that magneto-optical recording of the signal recording layer is performed
by a magnetic-field modulation method, wherein the signal recording layer is made of TbFeCo and Tb is contained in
the signal recording layer in a quantity of 20, 21, or 22 at% and a method of manufacturing such a medium by forming
the signal recording layer and exposing the form ed signal recording layer to oxygen so that the surface of the signal
recording layer is oxidized.

SUMMARY OF THE INVENTION

[0014] In view of the foregoing, an object of the present invention is to provide a magneto-optical recording medium
of a type adapted to a magnetic-field modulation method to perform a magneto-optical recording operation and structured
to incorporate a signal recording layer which is oxidized so as to realize stable recording characteristic even if the intensity
of the recording magnetic field is somewhat changed and a manufacturing method therefor. The object is solved according
to the subject matter of claim 1.

[0015] According to an aspect of the present invention, there is provided a magneto-optical recording medium com-
prising: a disc substrate on which a first dielectric layer, a signal recording layer constituted by a thin film made of an
alloy of a rare earth element and transition metal, an oxidized layer formed by oxidizing the surface of the signal recording
layer, a second dielectric layer, a light reflecting layer and a protective layer are sequentially formed so that magneto-
optical recording of the signal recording layer is performed by a magnetic-field modulation method, wherein the signal
recording layer is made of TbFeCo and Tb is contained in the signal recording layer in a quantity of 23.5 = 1 at%.
[0016] The magneto-optical recording medium according to the presentinvention has the structure thatthe composition
of the signal recording layer is determined as described above. Moreover, the signal recording layer having the oxidized
surface is employed. Therefore, substantially the same recording characteristics can be obtained in a range of the
recording magnetic field of 7957.75 A/m (100 Oe) to 23873.25 A/m (300 Oe).

[0017] According to another aspect of the present invention, there is provided a method of manufacturing a magneto-
optical recording medium which incorporates a signal recording layer made of TbFeCoCr so that magneto-optical re-
cording of the signal recording layer is performed by a magnetic-field modulation method, the method of manufacturing
a magneto-optical recording medium comprising the steps of: forming the signal recording layer such that the total
quantity of Tb and Cr contained in the signal recording layer is 24 = 1 at%; and exposing the formed signal recording
layer to steam at 39997x10-3Pa-sec (30 X 106 Torr-sec) to 1.333 Pa-sec (10000 X 10-6 Torr-sec) or oxygen at 1.333
x 103 Pa-sec (10 X 106 Torr-sec) to 6.666 x 103 Pa-sec (50 X 10-6 Torr-sec) so that the surface of the signal recording
layer is oxidized.

[0018] The method of manufacturing a magneto-optical recording medium according to the present invention has the
structure that the composition of the signal recording layer is determined as described above. Moreover, the signal
recording layer is oxidized under the foregoing conditions. Therefore, the recording characteristics of the magneto-optical
recording medium can be substantially the same in a range of the magnetic field from 7957.75A/m (100 Oe) to
23873.25A/m (300 Oe).

[0019] According to another aspect of the present invention, there is provided a method of manufacturing a magneto-
optical recording medium which incorporates a signal recording layer made of TbFeCo so that magneto-optical recording
of the signal recording layer is performed by a magnetic-field modulation method, the method of manufacturing a magneto-
optical recording medium comprising the steps of: forming the signal recording layer such that the quantity of Tb contained
in the signal recording layer is 23.5 + 1 at%; and exposing the formed signal recording layer to steam at 3.9997 x 103
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Pa-sec (30 X 106 Torr-sec) to 1.339 Pa-sec (10000 X 106 Torr-sec) or oxygen at 1.333 x 10-3 Pa-sec (10 x 10
Torr-sec) to 6.666 X 10-3 Pa-sec (50 X 106 Torr-sec) so that the surface of the signal recording layer is oxidized.
[0020] The method of manufacturing a magneto-optical recording medium according to the present invention has the
structure that the composition of the signal recording layer is determined as described above. Moreover, the signal
recording layer having the oxidized surface is employed. Therefore, substantially the same recording characteristics can
be obtained in a range of the recording magnetic field of 7957.75 A/m (100 Oe) to 23873.25A/m (300 Oe).

[0021] Other objects, features and advantages of the invention will be evident from the following detailed description
of the preferred embodiments described in conjunction with the attached drawings.

BRIFF DESCRIPTION OF THE DRAWINGS

[0022] Fig. 1is adiagram showing an example of the structure of films constituting a magneto-optical recording medium
according to the present invention.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0023] An embodiment of the present invention will now be described with reference to the drawings.

[0024] An example of a magneto-optical recording medium according to the present invention is shown in Fig. 1. The
magneto-optical recording medium according to this embodiment is a magneto-optical recording medium adapted to a
magnetic-field modulation method to perform a magneto-optical recording operation. The magneto-optical recording
medium incorporates a disc substrate 1 on which a first dielectric layer 2, a signal recording layer 3, an oxidized layer
4 formed by oxidizing the surface of the signal recording layer 3, a second dielectric layer 5 and a light reflecting layer
6 are sequentially laminated in the foregoing order. Moreover, a protective layer 7 is formed on the foregoing laminated
films.

[0025] The disc substrate 1 is obtained by injection-molding a plastic material, such as polycarbonate, into a disc
shape. The disc substrate 1 may have a pit and projection pattern corresponding to a servo signal and an address signal
and a pit and projection pattern, such as lands and grooves, formed along the recording track. When the lands and
grooves are formed, the lands and the grooves may be meandered to impart address information to the lands and the
grooves.

[0026] The first and second dielectric layers 2 and 5 are made of, for example, SiN. When the first dielectric layers 2
and 5 are made of SiN, each of the SiN films is formed by sputtering, for example, a Si target in an atmosphere containing
nitrogen.

[0027] The signal recording layer 3 is constituted by a thin film made of an alloy of a rare earth element and transition
metal having vertical magnetic anisotropy. A signal which must be recorded on the magneto-optical recording medium
is recorded as the direction of the magnetization of the signal recording layer 3.

[0028] The signal recording layer 3 is formed by sputtering TbFeCo or TbFeCoCr.

[0029] When the signal recording layer 3 is made of TbFeCo, the quantity of Tb contained in the signal recording layer
3is 23.5 = 1 at%. When the composition of the signal recording layer 3 is expressed as Tb, (FeCo0)4q0.y, the quantity
of contained Tb =is 22.5 at% < x < 24.5 at%. The composition of the signal recording layer 3 is determined as described
above. Therefore, the recording characteristics of the magneto-optical recording medium can be substantially the same
in the range of the recording magnetic field from 7957.75A/m (100 Oe) to 23873.25A/m (300 Oe) as can be understood
from results of experiment to be described later.

[0030] When the signal recording layer 3 is made of TbFeCoCr, the total quantity of Tb and Cr contained in the signal
recording layer 3 is 24 = 1 at%. That is, when the composition of the signal recording layer 3 is expressed as Tb,
(FeCo)1OO_x_yCry, the total quantity is 23 at% < x + y <25 at%. The composition of the signal recording layer 3 is determined
as described above. Therefore, the recording characteristics of the magneto-optical recording medium can be substan-
tially the same in the range of the recording magnetic field from 7957.75A/m (100 Oe) to 23873.25A/m (300 Oe) as can
be understood from results of experiment to be described later.

[0031] The oxidized layer 4 is formed by exposing the surface of the formed signal recording layer 3 to an atmosphere
containing oxygen or steam so as to oxidize the surface of the signal recording layer 3.

[0032] The operation for exposing the surface of the signal recording layer 3 to the atmosphere containing oxygen is
called "exposure to oxygen". Moreover, a product of the partial pressure of oxygen when the exposure to oxygen is
performed and time for which exposure to oxygen is performed is called a "quantity of exposure to oxygen". On the other
hand, a product of the partial pressure of steam when exposure to steam is performed and time for which exposure to
steam is performed is called a "quantity of exposure to steam".

[0033] When the oxidized layer 4 is formed by oxidizing the signal recording layer 3 by performing the exposure to
oxygen, the quantity of exposure to oxygen is made to be 1.333 x 10-3 Pa-sec (10 X 106 Torr-sec) to 6.666 x 10-3 Pa-sec
(50 x 10-6 Torr-sec). Since the quantity of exposure to oxygen when the oxidized layer 4 is formed is determined as
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described above, the recording characteristics of the magneto-optical recording medium can be substantially the same
in the range of the recording magnetic field from 7957.75A/m (100 Oe) to 23873.25A/m (300 Oe) as can be understood
from results of experiment to be described later.

[0034] When the oxidized layer 4 is formed by oxidizing the signal recording layer 3 by performing exposure to steam,
the quantity of exposure to steam is made to be 3.9997 x 10-3 Pa.sec (30 x 10 Torr-sec) to 1.333 Pa-sec (10000 X
106 Torr-sec). Since the quantity of exposure to steam when the oxidized layer 4 is formed is determined as described
above, the recording characteristics of the magneto-optical recording medium can be substantially the same in the range
of the recording magnetic field from 7957.75A/m (100 Oe) to 23873.25A/m (300 Oe) as can be understood from results
of experiment to be described later.

[0035] The light reflecting layer 6 reflects the laser beam made incident when the signal is recorded/reproduced and
quickly diffuses heat in the regions heated owing to irradiated with the incident laser beam. The light reflecting layer 6
is made of, for example, A1 and A1 alloy and formed by a sputtering method or an evaporating method.

[0036] The protective layer 7 protects films laminated on the disc substrate 1, the protective layer 7 being made of,
for example, ultraviolet-ray hardening resin.

[0037] An example of a method of manufacturing the magneto-optical recording medium will now be described.
[0038] When the magneto-optical recording medium is manufactured, a plastic material, such as polycarbonate, is
injection-molded so that the disc substrate 1 is manufactured. At this time, the pit and projection pattern corresponding
to the servo signal and the address signal and the pit and projection pattern, such as lands and grooves formed along
the recording tracks, may be provided for the disc substrate 1. When the lands and grooves are formed, the lands and
grooves may be meandered to impart address information to the lands and grooves.

[0039] Then, the disc substrate 1 is introduced into a vacuum sputtering apparatus so that the first dielectric layer 2
is formed on the disc substrate 1 by the sputtering method. Specifically, the Si target is sputtered in an atmosphere
containing nitrogen so that the first dielectric layer 2 made of SiN is formed on the disc substrate 1.

[0040] Then, the sputtering operation is performed so that the signal recording layer 3 is formed on the first dielectric
layer 2. Specifically, an alloy target made of TbFeCo or TbFeCoCr is sputtered in an argon atmosphere so that the signal
recording layer 3 made of TbFeCo or TbFeCoCr is formed on the first dielectric layer 2.

[0041] When the alloy target made of TbFeCo is employed, the quantity of Tb contained in the alloy target is made to
be 23.5 = 1 at%. Also the quantity of Tb contained in the formed signal recording layer 3 is made to be 23.5 = 1 at%.
That is, when the composition of the signal recording layer 3 is expressed as Tb, (FeCo)4qq.,, the foregoing quantity is
22.5 at% < x < 24.5 at%.

[0042] Then, the surface of the signal recording layer 3 is exposed to an atmosphere containing oxygen or an atmos-
phere containing steam so that exposure to oxygen or exposure to steam is performed. Thus, the oxidized layer 4 is
formed on the signal recording layer 3.

[0043] When the oxidized layer 4 is formed by oxidizing the signal recording layer 3 by performing the exposure to
oxygen, the quantity of exposure to oxygen is made to be 1.333 x 10-3 Pa-sec (10 x 10-6 Torr-sec) to 6.666 x 10-3 Pa-sec
(50 x 10-6 Torr-sec). Since the quantity of exposure to oxygen when the oxidized layer 4 is formed is determined as
described above, the recording characteristics of the magneto-optical recording medium can be substantially the same
in the range of the recording magnetic field from 7957.75A/m (100 Oe) to 23873.25A/m (300 Oe) as can be understood
from results of experiment to be described later.

[0044] When the oxidized layer 4 is formed by oxidizing the signal recording layer 3 by performing the exposure to
steam, the quantity of exposure to steam is made to be 3.9997 x 10-3 Pa-sec (30 x 10 Torr-sec) to 1.333 Pa-sec (10000
X 106 Torr-sec). Since the quantity of exposure to steam when the oxidized layer 4 is formed is determined as described
above, the recording characteristics of the magneto-optical recording medium can be substantially the same in the range
of the recording magnetic field from 7957.75A/m (100 Oe) to 23873.25A/m (300 Oe) as can be understood from results
of experiment to be described later.

[0045] Then, a sputtering operation is performed so that the second dielectric layer 5 is formed on the oxidized layer
4. Specifically, for example, a Si target is sputtered in an atmosphere containing nitrogen so that a second dielectric
layer 5 made of SiN is formed on the oxidized layer 4.

[0046] Then, a sputtering method or an evaporating method is employed to form the light reflecting layer 6 made of
A1 and A1 alloy and so forth.

[0047] Then, the protective layer 7 made of ultraviolet-ray hardening resin and so forth is formed on the light reflecting
layer 6. Specifically, a spin coating method is employed to coat the surface of the light reflecting layer 6 with ultraviolet-
ray hardening resin. Then, the ultraviolet-ray hardening resin is irradiated with ultraviolet rays so that the ultraviolet-ray
hardening resin is hardened. As a result, the protective layer 7 made of the ultraviolet-ray hardening resin is formed.
[0048] After the foregoing processes have been performed, a magneto-optical recording medium is manufactured
which, as shown in Fig.1, incorporates the disc substrate 1 on which the first dielectric layer 2, the signal recording layer
3, the oxidized layer 4, the second dielectric layer 5, the light reflecting layer 6 and the protective layer 7 are formed.
[0049] Then, a plurality of samples of the foregoing magneto-optical recording medium were manufactured such that
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the composition of the signal recording layer 3 and the quantity of exposure to steam or quantity of exposure to oxygen
when the oxidized layer 4 was formed were changed. Thus, the recording characteristics of the samples were evaluated
as follows.

[0050] The disc substrate 1 was formed by injection-molding the polycarbonate resin, the disc substrate 1 having a
diameter of 65 mm and a thickness of 1.2 mm.

[0051] Thefirstdielectric layer 2 was made of SiN. Specifically, the Sitarget was sputtered in an atmosphere containing
nitrogen. At this time, the SiN film was formed under conditions that the electric power for performing the sputtering
operation was 3 kW and the pressure of the sputtering gas was 0.667 Pa (5 mTorr). The sputtering gas was mixed gas
of Ar and N,. The ratio of Ar and N, was 3:2.

[0052] The signal recording layer 3 was made of TbFeCo or TbFeCoCr. Specifically, an alloy target made of TbFeCo
or TbFeCoCr was sputtered in an argon atmosphere so that the signal recording layer 3 was formed. At this time, the
signal recording layer 3 was formed under conditions that the electric power for performing the sputtering operation was
0.8 kW and the pressure of the sputtering gas was 0.533 Pa (4 mTorr).

[0053] The composition of the signal recording layer 3 of each sample was varied. Moreover, the quantity of exposure
to steam and that of exposure to oxygen when the signal recording layer 3 was oxidized by performing exposure to
oxygen or exposure to steam to form the oxidized layer 4 were varied among the samples.

[0054] The second dielectric layer 5 was made of SiN. Specifically, the Si target was sputtered in an atmosphere
containing nitrogen so that the second dielectric layer 5 was formed. At this time, the SiN film was formed under conditions
that the electric power for performing the sputtering operation was 3 kW and the pressure of the sputtering gas was
0.667 Pa (5 mTorr). The sputtering gas was mixed gas of Ar and N,. The ratio of Ar and N, was 3:2.

[0055] The light reflecting layer 6 was made of A1 and A1 alloy. Specifically, the light reflecting layer 6 was formed
by sputtering an A1 and A1 alloy target in an argon atmosphere. The A1 and A1 alloy film was formed under conditions
that the electric power for performing the sputtering operation was 2 kW and the pressure of the sputtering gas was
0.533Pa (4 mTorr).

[0056] As described above, the composition of the signal recording layer 3 and the conditions under which the surface
of the signal recording layer 3 was oxidized were varied among the samples. The other conditions were the same among
the samples to make comparisons of the recording characteristics.

[0057] The composition of the alloy target made of TbFeCo or TbFeCoCr was analyzed by a glow discharge mass
analyzing method. Moreover, a thin film having a thickness of 500 nm was formed on the Si substrate by using the
foregoing alloy target. The composition of the formed thin film was analyzed by an electron microprobe analyzing (EPMA)
method. As a result, a fact was confirmed that the composition of the alloy target and that of the thin film formed by using
the alloy target were substantially the same. As for the composition of the signal recording layer 3, the analyzed com-
position of the alloy target for use to form the signal recording layer 3 was employed as the composition of the signal
recording layer 3.

[0058] When the oxidized layer 4 was formed by performing exposure to oxygen, the flow rate of O,, which must be
introduced from the gas cylinder, was adjusted by a variable valve. The partial pressure of oxygen was measured by a
quadrupole-type mass analyzer. Moreover, time for which the signal recording layer 3 was exposed to the oxygen
atmosphere was measured. The product of the obtained values was calculated so that the quantity of exposure to oxygen
was obtained.

[0059] When the oxidized layer 4 was formed by performing exposure to steam, the flow rate of H,O, which must be
introduced from the gas cylinder, was adjusted by a variable valve. The partial pressure of steam was measured by a
quadrupole-type mass analyzer. Moreover, time for which the signal recording layer 3 was exposed to the steam atmos-
phere was measured. The product of the obtained values was calculated so that the quantity of exposure to steam was
obtained.

[0060] When the recording characteristics of the samples were measured, magneto-optical recording operations were
performed by the magnetic-field modulation method to record signals. At this time, the linear velocity was made to be
constant velocity of 1.2 m/sec. A single-frequency signal having a frequency of 720 kHz was recorded in a portion of
regions with a recording magnetic field of 23873.25A/m (300 Oe). Moreover, the signal was recorded in each of the
other regions with the recording magnetic field of 7957.75A/m (100 Oe). Then, the recording signals were reproduced
so that C/N was measured.

[0061] Then, the difference AC/N between C/N detected when the signal recorded with the recording magnetic field
of 23873.25A/m (300 Oe) was reproduced and C/N detected when the signal recorded with the recording magnetic field
of 7957.75A/m (100 Oe) was reproduced was obtained. If AC/N was not larger than 1 dB, a determination was made
that the sample was suitable to magneto-optical recording adapted to the magnetic-field modulation method. If AC/N
was larger than 1 dB, a determination was made that the sample was not suitable to magneto-optical recording adapted
to the magnetic-field modulation method.

[0062] Results of evaluation of the recording characteristics of each of the plural samples were shown in Tables 1 to
6. The measured quantity of Tb, quantity of Cr and the total quantity of Tb and Cr contained in the signal recording layer
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the oxidization process were shown in Tables 1 to 6.

Table 1
Sample No. Tb Cr To+ Cr
(at%) (at%) (at%)
1 14.7 7.8 25
2 15.2 8.0 232
3 16.5 8.1 2.6
4 16.6 6.1 227
5 17.1 59 23.0
6 185 6.2 24.7
7 19.8 29 2.7
8 203 28 23.1
9 21.2 31 243
10 21.3 15 22.8
11 21.7 13 . 23.0
12 225 15 2.0
13 221 0 22.1
14 226 226
15 235 0 235
Sample No. Quantity of AC/N Evaluation
Exposure to (dB)
Oxygen
(Torrsec)
40X10°# 14 X
2 40X10°* 0.6 o
¥ 5.233x A6 > Po-sec
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3 40x10° ¥ 0.8 o
4 40X10°%% 15 X
5 40x10% 0.9 o)
6 40X10°% .08 o}
7 40X10°% 18 X
8 40X10° % 0.9 o
9 40X10%* 0.8 o
10 40X10° % 19 X
11 a0x10%% 1.0 o
12 40X10° * 0.9 o
13 sox10°% | 21 X
14 a0x10°% 1.0 o)
15 a0x10** 0.8 o

* SNy Ab'}'l’@u-sec

[0063] Table 1 showed results of evaluation of the recording characteristics of a plurality of samples manufactured
such that the composition of the signal recording layer 3 was varied. All of the samples shown in Table 1 incorporated
the signal recording layer oxidized under the same condition that exposure to oxygen was performed in a quantity of
5.333 x 103 Pa-sec (40 x 106 Torr-sec).

[0064] As shown in Table 1, when the signal recording layer 3 was made of TbFeCoCr, AC/N was not larger than 1
dB when the total quantity of Tb and Cr was 23 at% or larger regardless of the composition ratio of Tb and Cr.

[0065] When the signal recording layer 3 is made of TbFeCoCr, it is preferable that the total quantity of Tb and Cr
contained in the signal recording layer 3 is 23 at% or higher regardless of the composition ratio of Tb and Cr. Namely,
the quantity of contained Cr is reduced, it is preferable that the quantity of contained Tb is correspondingly enlarged
such that the total quantity of Tb and Cr is 23 at% or larger.

[0066] When the signal recording layer 3 is made of TbFeCoCr, excessive enlargement of Tb and Cr causes C/N to
deteriorate. The reason for this will now be described. The signals recorded on the magneto-optical recording medium
are held by sublattice magnetization of the transition metal contained in the signal recording layer 3. Therefore, rise in
the rare-earth metal results in deterioration in the quality of the signal.

[0067] Specifically, when the quantity of Tb contained in the signal recording layer 3 is enlarged by 1 at%, C/N
deteriorates by about 0.4 dB. It is undesirable that the quantity of Tb and Cr is enlarged excessively if AC/N is small.
Therefore, it is preferable that the total quantity of Tb and Cr is close to 23 at% where possible.

[0068] When the alloy target is manufactured, the composition somewhat disperses. Therefore, it is difficult to always
maintain the quantity of Tb and Cr contained in the signal recording layer 3 at 23 at%. Therefore, it is preferable that the
actual manufacturing process is performed such that the quantity of Tb and Cr contained in the signal recording layer
3 is about 24 + 1 % in consideration of the margin in the process for manufacturing the alloy target.

[0069] When the signal recording layer was made of TbFeCo (that is, when Cr = 0 at%), AC/N was, as shown in Table
1, 1 dB or smaller if the quantity of Tb contained in the signal recording layer 3 was 22.6 at% or larger.

[0070] Also in a case where the signal recording layer 3 is made of TbFeCo, excessive enlargement of Tb causes
C/N to deteriorate similar to the case where the signal recording layer 3 is made of TbFeCoCr. Therefore, it is undesirable
that the quantity of contained Tb is enlarged excessively if AC/N is small. Therefore, it is preferable that the quantity of
Tb contained in the signal recording layer 3 is close to 22.6 at% where possible.
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[0071] When the alloy target is manufactured, the composition somewhat disperses as described above. Therefore,
it is difficult to always maintain the quantity of Tb contained in the signal recording layer 3 at 22.6 at%. Therefore, it is
preferable that the actual manufacturing process is performed such that the quantity of Tb contained in the signal
recording layer 3 is about 23.5 += 1 % in consideration of the margin in the process for manufacturing the alloy target.
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Table 2
Sample No. Tb Cr To+Cr
(at%) (at%) T (at%)
16 15.2 8.0 23.2
17 15.2 8.0 232
18 15.2 8.0 23.2
19 15.2 8.0 232
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20 15.2 8.0 23.2
21 15.2 8.0 23.2
22 15.2 8.0 23.2
23 152 8.0 23.2
Sample No. Quantity of Quantity of AC/N Evaluation
Exposure to Exposure to (dB)
Steam Oxygen
Pa.sec Pa.sec
(Torrsec) (Torrsec)
16 B7X10%) — 1.6 x
1.467 |
17 (11000X10% — 14 X
18 — %o | - 14 X
19 — BOX10%) " 1.5 X
20 GO x 105} ~ 09 o
1.333
21 Q0000X10%) — 0.9 o)
1.467 x 10
22 - (11x10%) 07 o
6.666 x 103
23 — (50 x 106) 0.8 o
Table 3
Sample No. Tb Cr . To+Cr
(at%) (at%) (at%)
24 17.1 59 23.0
25 17.1 59 23.0
26 17.1 59 230
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27 171 5.9 23.0
28 17.1 59 23.0
29 171 5.9 23.0
30 17.1 59 23.0
31 17.1 5.9 23.0
Sample No. Quantity of Quantity of AC/N Evaluation
Exposure to Exposure to (dB)
Steam Oxygen
Pa.sec Pa.sec
(Torrsec) (Torrsec)
% | ooy | — 17| x
25 11b06%i09 - 16 X
26 - g | 17 %
27 — Eied 18 X
28 BixX109 — 08 °
29 (10000X10°) — | os o
30 — lioxioy | 09 o
- 31 — EoX30%) 1.0 o
Table 4 ‘
Sample No. Tb Cr To+Cr
(at%) (at%) (at%)
32 20.3 238 23.1
33 20.3 28 231
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34 20.3 28 23.1

35 20.3 28 23.1

36 20.3 28 231

37 20.3 2.8 231

38 20.3 2.8 23.1

39 20.3 2.8 23.1

Sample No. - Quantity of Quantity of AC/N Evaluation
Exposure to Exposure to (dB)
Steam Oxygen
Pa.sec Pa.sec
(Torrsec) (Torrsec)
32 *DIxX109 — 16 X
33 11566%i09 — | 1 X
4 - — oxiey. | 17 X
35 — Bxien | 20 X
36 “BiX109 — 0.9 o
37 (.0000%109 -~ 1.0 o
38 - ozioy | 09 o
39 — Seans) 1.0 o
Table 5

Sample No. Tb Cr To+Cr

(at%) (at%) (at%)

40 21.7 13 23.0
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41 21.7 13 23.0

42 21.7 13 23.0

43 21.7 1.3 23.0

44 21.7 13 23.0

45 21.7 13 23.0

46 21.7 13 23.0

47 21.7 13 23.0

Sample No. Quantity of Quantity of AC/N Evaluation
Exposure to Exposure to (dB)
Steam Oxygen
Pa.sec Pa.sec
(Torrsec) (Torrsec)
40 "Bex10%) - — 1.6 x
41 11600%i09 — 2.0 X
42 — xigd. | 17 X
43 i TR
44 Bix109) — 1.0 o
45 _0000X109 — 1.0 o
46 — Goxlos | 09 o
6.533 x 103
47 — (49X10%) 1.0 O
Table 6

Sample No. To Cr To+Cr

(at%) (at%) (at%)
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48 226 0 22.6
49 226 0 226
50 226 0 22.6
51 226 0 226
. 52 22.6 0 22.6
53 226 0 22.6
54 226 0 22.6
55 226 0 226
Sample No. Quantity of Quantity of AC/N Evaluation
Exposure to Exposure to (dB)
Steam Oxygen
Pa.sec Pa.sec
(Torrsec) (Torrsec)
48 3 991x 03 _ J 20 v,
49 1600%i09 — 26 X
50 - — a1 1.9 X
51 — _63x109 22 X
52 30 x 1091 — 10 o
1.333 . -
53 (.0000X109 - 1.0 o
1,467 x 10
>4 — Gixio0®) [ 09 o
6.266 x 103
55 — (47X10%) 1.0 O

[0072]

Tables 2 to 6 showed results of evaluation of the recording characteristics of a plurality of samples manufactured

such that the conditions under which the signal recording layer 3 was oxidized were varied. Note that the composition
of the signal recording layer 3 of each of the samples shown in Tables 2 to 6 were the compositions with which relatively
satisfactory results were obtained as shown in Table 1.

[0073] As shown in Tables 2 to 6, when the oxidized layer 4 was formed by oxidizing the signal recording layer 3 by
performing the exposure to steam, AC/N was 1 dB or smaller in each case when the quantity of exposure to steam
satisfied the range from 3.9997 X 10-3 Pa-sec (30 X 106 Torr-sec) to 1.333 Pa-sec (10000 X 10-6 Torr-sec). When the
oxidized layer 4 was formed by oxidizing the signal recording layer 3 by performing the exposure to oxygen, AC/N was
1 dB or smaller when the quantity of exposure to oxygen satisfied th-e range from 1.333 x 103 Pa-sec (10 X 106
Torr-sec) to 6.666 X 10-3 Pa-sec (50 X 10-6 Torr-sec).

[0074] In summary, it is preferable that the total quantity of Tb and Cr contained in the signal recording layer 3 is 24
+ 1 at% when the signal recording layer 3 is made of TbFeCoCr. When the oxidized layer 4 is formed by oxidizing the
surface of the signal recording layer 3, it is preferable that exposure to steam is performed by 3.9997 X 10-3 Pa-sec (30
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X 10-6 Torr-sec) to 1.333Pa-sec (10000 X 10-6 Torr-sec) or exposure to oxygen is performed by 1.333 x 10-3 Pa-sec
(10 X 106 Torr-sec to 6.666 x 10-3 Pa-sec (50 x 106 Torr-sec).

[0075] When the signal recording layer 3 is made of TbFeCo, it is preferable that the quantity of Tb contained in the
signal recording layer 3 is 23.5 = 1 at%. When the oxidized layer is formed by oxidizing the surface of the signal recording
layer 3, it is preferable that exposure to steam is performed by 3.9997 x 10-3 Pa-sec (30 x 106 Torr-sec) to 1.333 Pa-sec
(10000 x 10-6 Torr-sec) or exposure to oxygen is performed by 1.333 x 10-3 Pa-sec (10 X 106 Torr-sec) to 6.666 x 10-3
Pa-sec (50 X 106 Torr-sec).

[0076] Hitherto, ithas been said that somewhat low vertical magnetic anisotropy of the signal recording layer is required
when magneto-optical recording is performed by the magnetic-field modulation method. The signal recording layer made
of FeTbCoCr contains Cr which has another main function to lower the vertical magnetic anisotropy. However, raising
of the recording density requires the vertical magnetic anisotropy of the signal recording layer to be raised in order to
improve the recording characteristic. Therefore, rises in the recording density result in a requirement for a signal recording
layer containing Cr in a small quantity and a signal recording layer which does not contain Cr.

[0077] Namely, when the signal recording layer is made of only FeTbCo without Cr, the vertical magnetic anisotropy
of the signal recording layer can be raised to furthermore raise the recording density. Also in a case where the signal
recording layer is made of FeTbCo without Cr, the present invention in which the quantity of Tb contained in the signal
recording layer is made to be 23.5 £ 1 at% and the oxidized layer is formed by oxidizing the surface of the signal
recording layer enables the recording characteristics to be stable if the intensity of the recording magnetic field is
somewhat changed.

[0078] As described above, according to the present invention, a magneto-optical recording medium can be provided
with which a magneto-optical recording operation is performed by the magnetic-field modulation method and which is
able to realize stable recording characteristic even if the intensity of the recording magnetic field is somewhat changed.

Claims
1. A magneto-optical recording medium comprising:

a disc substrate (1) on which a first dielectric layer (2), a signal recording layer (3) constituted by a thin film
made of an alloy of a rare earth element and transition metal, an oxidized layer (4) formed by oxidizing the
surface of said signal recording layer (3), a second dielectric layer (5), a light reflecting layer (6) are sequentially
formed, wherein

said signal recording layer (3) is made of TbFeCo

characterized in that
a protective layer (7) is formed on the foregoing films
and Tb is contained in said signal recording layer (3) in a quantity of 23.5 +/- 1 at%.

2. A magneto-optical recording medium according to claim 1, wherein
a pit and projection pattern corresponding to servo signals and address signals and a pit and projection pattern
corresponding to lands and grooves formed along recording tracks or meandered lands and grooves are provided
for said disc substrate (1).

3. A method of manufacturing a magneto-optical recording medium which
incorporates a signal recording layer (3) made of TbFeCocr, said method of manufacturing a magneto-optical re-
cording medium comprising the steps of:

forming said signal recording layer (3) such that the total quantity of Tb and Cr contained in said signal recording
layer (3) is 24 +/- 1 at%; and

exposing said formed signal recording layer (3) to steam at 3.9997 x 10-3 Pa.sec (30 x 10 Torr.sec) to 1.333
Pa.sec (10000 x 10-¢ Torr.sec) or oxygen at 1.333 x 103 Pa.sec (10 x 10-6 Torr.sec) to 6.666 x 10-3 Pa.sec (50
x 106 Torr.sec) so that the surface of said signal recording layer (3) is oxidized.

4. A method of manufacturing a magneto-optical recording medium which incorporates a signal recording layer (3)
made of TbFeCo said method of manufacturing a magneto-optical recording medium comprising the steps of:

forming said signal recording layer (3) such that the quantity of Tb contained in said signal recording layer (3)
is 23.5 +/- 1 at%; and
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exposing said formed signal recording layer (3) to steam at 3.9997 x 10-3 Pa.sec (30 x 106 Torr.sec) to 1.333
Pa.sec (10000 x 10-¢ Torr.sec) or oxygen at 1.333 x 103 Pa.sec (10 x 10-6 Torr.sec) to 6.666 x 10-3 Pa.sec (50
x 10-6 Torr.sec) so that the surface of said signal recording layer (3) is oxidized.

Patentanspriiche

Magnetooptisches Aufzeichnungsmedium, umfassend:

ein Disksubstrat (1), aufdem nacheinander eine erste dielektrische Schicht (2), eine Signalaufzeichnungsschicht
(3), aufgebaut aus einem diinnen Film, hergestellt aus einer Legierung eines Seltenerdmetalls und

eines Ubergangsmetalls, eine oxidierte Schicht (4), gebildet durch Oxidieren der Oberflache der Signalaufzeich-
nungsschicht (3), eine zweite dielektrische Schicht (5), eine lichtreflektierende Schicht (6) gebildet werden, wobei
die Signalaufzeichnungsschicht (3) aus TbFeCo aufgebaut ist,

dadurch gekennzeichnet, dass
eine Schutzschicht (7) auf den vorangehenden Filmen gebildet wird, und Tb in der Signalaufzeichnungsschicht (3)
in einer Menge von 23,5 = 1 At.-% enthalten ist.

Magnetooptisches Aufzeichnungsmedium nach Anspruch 1, wobei ein Servo-Signalen und Adress-Signalen ent-
sprechendes Vertiefungs- und Erhebungsmuster und ein Bereichen und Rillen, die bei der Aufzeichnung von Spuren
gebildet werden, entsprechendes Vertiefungs- und Erhebungsmuster oder maandrierende Bereiche und Rillen auf
dem Disksubstrat (1) vorgesehen sind.

Verfahren zur Herstellung eines magnetooptischen Aufzeichnungsmediums, welches eine Signalaufzeichnungs-
schicht (3), hergestellt aus TbFeCoCr, aufweist, wobei das Verfahren zur Herstellung eines magnetooptischen
Aufzeichnungsmediums die Schritte umfasst:

Bilden der Signalaufzeichnungsschicht (3), so dass die Gesamtmenge an Tb und Cr, enthalten in der Signal-
aufzeichnungsschicht (3), 24 = 1 At-% betragt; und

Aussetzen der gebildeten Signalaufzeichnungsschicht (3) an Dampf bei 3,9997 x 10-3 Pa.s (30 x 106 Torr.s)
bis 1,333 Pa.s (10000 x 106 Torr.s) oder Sauerstoff bei 1,333 x 10-3 Pa.s (10 x 106 Torr.s) bis 6,666 x 10-3
Pa.s (50 x 10 Torr.s), so dass die Oberflache der Signalaufzeichnungsschicht (3) oxidiert wird.

Verfahren zur Herstellung eines magnetooptischen Aufzeichnungsmediums, welches eine Signalaufzeichnungs-
schicht (3), hergestellt aus TbFeCo, aufweist, wobei das Verfahren zur Herstellung eines magnetooptischen Auf-
zeichnungsmediums die Schritte umfasst:

Bilden der Signalaufzeichnungsschicht (3), so dass die Menge an Tb, enthalten in der Signalaufzeichnungs-
schicht (3), 23,5 = 1 At.-% betragt; und

Aussetzen der gebildeten Signalaufzeichnungsschicht (3) an Dampf bei 3,9997 x 10-3 Pa.s (30 x 106 Torr.s)
bis 1,333 Pa.s (10000 x 106 Torr.s) oder Sauerstoff bei 1,333 x 10-3 Pa.s (10 x 106 Torr.s) bis 6,666 x 10-3
Pa.s (50 x 10 Torr.s), so dass die Oberflache der Signalaufzeichnungsschicht (3) oxidiert wird.

Revendications

Support d’enregistrement magnéto-optique comprenant :

un substrat de type disque (1) sur lequel une premiére couche diélectrique (2), une couche d’enregistrement
de signal (3) constituée par un film mince a base d’un alliage d’un élément de terre rare et d'un métal de
transition, une couche oxydée (4) formée en oxydant la surface de ladite couche d’enregistrement de signal
(3), une seconde couche diélectrique (5), et une couche qui réfléchit la lumiére (6) sont successivementformeées ;
dans lequel

ladite couche d’enregistrement de signal (3) est a base de TbFeCo

caractérisé en ce que
une couche de protection (7) est formée sur les films ci-dessus
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et le Tb est contenu dans ladite couche d’enregistrement de signal (3) en une quantité de 23,5 +/- 1 % at.

2. Support d’enregistrement magnéto-optique selon la revendication 1, dans lequel
un motif de creux et de projections correspondant aux servo-signaux et aux signaux d’adressage et un motif de
creux et de projections correspondant aux plats et aux sillons formés le long des pistes d’enregistrement ou aux
plats et aux sillons formant méandre sont formés sur ledit substrat de type disque (1).

3. Procédé de fabrication d’'un support d’enregistrement magnéto-optique qui incorpore une couche d’enregistrement
de signal (3) a base de TbFeCoCr, ledit procédé de fabrication d’'un support d’enregistrement magnéto-optique
comprenant les étapes consistant a :

former ladite couche d’enregistrement de signal (3) de fagon que la quantité totale de Tb et de Cr contenue
dans ladite couche d’enregistrement de signal (3) soit de 24 +/- 1 % at. et

exposer ladite couche d’enregistrement de signal formée (3) a de la vapeur a de 3,9997 x 10-3 Pa.sec (30 x
106 Torr.sec) a 1,333 Pa.sec (10000 x 106 Torr.sec) ou a de I'oxygéne a de 1,333 Pa.sec (10000 x 10-6
Torr.sec) a 6,666 x 10-3 Pa.sec (50 x 10-6 Torr.sec) de fagon que la surface de ladite couche d’enregistrement
de signal (3) s’oxyde.

4. Procédé de fabrication d’un support d’enregistrement magnéto-optique qui incorpore une couche d’enregistrement
de signal (3) a base de TbFeCo, ledit procédé de fabrication d’un support d’enregistrement magnéto-optique com-
prenant les étapes consistant a :

former ladite couche d’enregistrement de signal (3) de fagon que la quantité totale de Tb contenue dans ladite
couche d’enregistrement de signal (3) soit de 23,5 +/- 1 % at. et

exposer ladite couche d’enregistrement de signal formée (3) a de la vapeur a de 3,9997 x 10-3 Pa.sec (30 x
106 Torr.sec) a 1,333 Pa.sec (10000 x 106 Torr.sec) ou a de I'oxygéne a de 1,333 Pa.sec (10000 x 10-6
Torr.sec) a 6,666 x 10-3 Pa.sec (50 x 106 Torr.sec) de fagon que la surface de ladite couche d’enregistrement
de signal (3) s’oxyde.

17



s e

....................................
....................................

..................................
....................................

\\\\\\\\\\\\\\\\

L

- FIG.1



EP 1 030 299 B9 (W1B1)
REFERENCES CITED IN THE DESCRIPTION
This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

e JP 63032748 A[0010] e JP 6150415 A[0012]
e JP 6111405 A[0011]  JP 3066048 A [0013]

19



	bibliography
	description
	claims
	drawings

