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(57) ABSTRACT 
A magneto-optical recording medium capable of perfectly 
masking a mark adjacent to a mark to be reproduced to 
thereby improve a reproduction output. The magneto-optical 
recording medium includes a transparent substrate, a mag 
netic reproducing layer laminated on the transparent sub 
strate, a nonmagnetic intermediate layer laminated on the 
magnetic reproducing layer, and a magnetic recording layer 
laminated on the nonmagnetic intermediate layer. The repro 
ducing layer has an easy direction of magnetization in a 
plane at room temperature, and has an easy direction of 
magnetization perpendicular to a ?lm surface at a given 
temperature or higher. The nonmagnetic intermediate layer 
is thin enough to alloW magnetostatic bond betWeen the 
recording layer and the reproducing layer at the given 
temperature or higher. Instead of the nonmagnetic interme 
diate layer, a magnetic intermediate layer having an easy 
direction of magnetization in a plane from room temperature 
to its Curie temperature may be interposed betWeen the 
reproducing layer and the recording layer. 
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MAGNETO-OPTICAL RECORDING MEDIUM AND 
REPRODUCING METHOD FOR INFORMATION 

RECORDED ON THE MEDIUM 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to a high-density 
magneto-optical recording medium and a reproducing 
method for information recorded on the medium. 

[0003] 2. Description of the Related Art 

[0004] A magneto-optical disk is knoWn as a high-density 
recording medium, and an increase in information quantity 
gives rise to a desire for higher densities of the medium. 
While the higher densities may be realiZed by reducing the 
space of recorded marks, the recording and reproducing of 
the marks are limited by the siZe of a light beam (beam spot) 
on the medium. When the presence of only one recorded 
mark in the beam spot is set, an output Waveform corre 
sponding to “1” or “0” may be observed as a reproduction 
signal according to Whether the recorded mark is present or 
absent in the beam spot. 

[0005] HoWever, When the presence of plural recorded 
marks in the beam spot is set by reducing the space of the 
recorded marks, no change in reproduction output occurs 
regardless of movement of the beam spot on the medium. 
Accordingly, the output Waveform becomes linear and the 
presence or absence of the recorded mark in the beam spot 
cannot be identi?ed. To reproduce such small recorded 
marks having a period smaller than the siZe of the beam spot, 
it is suf?cient to reduce the beam spot to a small siZe. 
HoWever, since the siZe of the beam spot is limited by the 
wavelength A of a light source and the numerical aperture 
NA of an objective lens, the beam spot cannot be suf?ciently 
reduced to a small siZe. 

[0006] There has recently been proposed a reproducing 
method using magnetically induced super resolution such 
that a recorded mark smaller in siZe than the beam spot be 
reproduced by the use of an eXisting optical system. Accord 
ing to this method, the resolution of reproduction is 
improved by masking other marks during reproduction of 
one mark in the beam spot. Accordingly, a super resolution 
disk medium is required to have at least a mask layer or a 
reproducing layer for masking other marks so that only one 
mark may be reproduced during signal reproduction, in 
addition to a recording layer for recording marks. A mag 
neto-optical recording medium using a perpendicular mag 
netiZation ?lm as the reproducing layer is proposed in 
Japanese Patent Laid-open No. 3-88156. In the prior art 
described in this publication, hoWever, an initialiZing mag 
netic ?eld of about several kOe is required to initialiZe the 
reproducing layer. Accordingly, a recording apparatus can 
not be made compact. 

[0007] On the other hand, a magneto-optical recording 
medium using a magnetic ?lm as the recording layer is 
proposed in Japanese Patent Laid-open Nos. 5-81717 and 
5-342670. This magnetic ?lm has an easy direction of 
magnetiZation in a plane at room temperature and has an 
easy direction of magnetiZation perpendicular to a ?lm 
surface at a given temperature or higher. The principle of 
reproduction in this prior art Will noW be described in brief 
With reference to FIGS. 31A, 31B, and 31C. As shoWn in 
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FIG. 31C, a magneto-optical disk 2 is formed by laminating 
a magnetic reproducing layer 6 and a magnetic recording 
layer 8 on a transparent substrate 4. The magnetic repro 
ducing layer 6 has an easy direction of magnetiZation in a 
plane at room temperature. HoWever, When the medium is 
heated to a given temperature or higher by applying a 
reproducing poWer, the easy direction of magnetiZation is 
changed to a perpendicular direction. The magnetic record 
ing layer 8 is a perpendicular magnetiZation ?lm. Reference 
numeral 10 denotes a light beam. 

[0008] The intensity distribution of the light beam is a 
Gaussian distribution as shoWn in FIG. 31A. Accordingly, 
When the disk is at rest, the temperature distribution on the 
disk is also a similar distribution such that the central portion 
is higher in temperature than the peripheral portion. In 
actual, hoWever, the disk 2 is rotated in the direction of 
arroW R shoWn in FIG. 31C during reproduction. Accord 
ingly, the temperature distribution on the disk in rotation 
becomes a distribution as shoWn in FIG. 31B so that a 
high-temperature area in the beam spot is shifted to the 
forWard direction of rotation of the disk. OWing to such a 
temperature distribution during reproduction, the easy direc 
tion of magnetiZation of the magnetic reproducing layer 6 
becomes an in-plane direction in a loW-temperature area in 
the beam spot. Therefore, the Kerr rotation angle of re?ected 
light becomes almost Zero in the loW-temperature area. In 
the high-temperature area, the easy direction of magnetiZa 
tion of the magnetic reproducing layer 6 is changed from an 
in-plane direction to an perpendicular direction. 

[0009] The perpendicular magnetization of the magnetic 
reproducing layer 6 at this time is bonded to the magneti 
Zation of the magnetic recording layer 8 by an eXchange 
force, and the direction of magnetiZation of the reproducing 
layer 6 is made identical With the direction of magnetiZation 
of the recording layer 8, thereby alloWing the magnetiZation 
recorded in the recording layer 8 to be transferred to the 
reproducing layer 6. The area siZe of such transfer can be 
changed by a reproducing layer beam poWer. In this manner, 
the siZe of the masking reproducing layer is controlled so as 
to alloW the reproduction of only one recorded mark, thereby 
obtaining the same effect as that in the case of substantially 
reducing the area of the beam spot. 

[0010] As mentioned above, the intensity distribution of 
the laser beam 10 directed onto the disk 2 is a Gaussian 
distribution, and the disk 2 is rotated in the direction of 
arroW R. As a result, a loW-temperature area 10a and a 
high-temperature area 10b are formed on the reproducing 
layer 6 (see FIG. 32). The high-temperature area 10b is 
shifted to the forWard direction of rotation of the disk 2 With 
respect to the laser beam 10. In the prior art disclosed in 
Japanese Patent Laid-open No. 5-81717, hoWever, the in 
plane magnetiZation of the reproducing layer 6 in the 
loW-temperature area 10a in the beam spot is bonded to the 
perpendicular magnetiZation of the recording layer 8, caus 
ing inclination of the in-plane magnetiZation to generate a 
perpendicular component as shoWn in FIG. 32. 

[0011] As a result, the masking effect is reduced and a 
mark recorded on the recording layer adjacent to a mark to 
be reproduced cannot be perfectly masked. Accordingly, the 
magnetiZation of the recording layer in the loW-temperature 
area is also transferred to the reproducing layer, so that 
individual marks cannot be identi?ed because of interfer 
ence to cause a reduction in reproduction output. 
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[0012] Japanese Patent Laid-open No. 5-342670 men 
tioned above discloses a magneto-optical recording medium 
having a magnetic intermediate layer interposed betWeen a 
magnetic reproducing layer and a magnetic recording layer. 
The magnetic intermediate layer is provided to prevent the 
possibility that When the exchange bonding force betWeen 
the recording layer and the reproducing layer is too strong, 
the magnetiZation of the reproducing layer becomes perpen 
dicular magnetiZation also in an area Where the laser beam 
is not directed, reducing the masking effect of the reproduc 
ing layer. The magnetic intermediate layer described in this 
publication is considered from its composition to have a 
Curie point loWer than a temperature of the medium to be 
heated by the reproducing laser beam. While the operation 
of the magnetic intermediate layer is not described in detail 
in this publication, it may be considered as folloWs: 

[0013] When the magnetic intermediate layer is heated to 
temperatures higher than its Curie temperature, the magne 
tiZation of the intermediate layer disappears. At this time, in 
the loW-temperature area in the beam spot, a stable in-plane 
mask is formed in the reproducing layer, While in the 
high-temperature area, the magnetiZation of the recording 
layer is transferred to the reproducing layer by magnetostatic 
bond. Accordingly, information recorded on the medium in 
the high-temperature area can be read out. HoWever, the 
transfer of the magnetiZation by a magnetostatic bonding 
force is Weaker than the transfer of the magnetiZation by an 
exchange bonding force. Thus, the medium having the 
magnetic intermediate layer described in this publication is 
not satisfactory in transfer characteristic of the magnetiZa 
tion in the high-temperature area in the beam spot. In 
addition, the magnetostatic bonding force betWeen the 
recording layer and the reproducing layer is absorbed by the 
magnetic intermediate layer, thus further hindering the trans 
fer characteristic of the magnetiZation. 

SUMMARY OF THE INVENTION 

[0014] It is therefore an object of the present invention to 
provide a magneto-optical recording medium Which can 
perfectly mask a mark adjacent to a mark to be reproduced 
to thereby improve a reproduction output. 

[0015] It is another object of the present invention to 
provide a magneto-optical recording medium Which can 
prevent the crosstalk betWeen a track to be reproduced and 
a track adjacent to this track to thereby realiZe the improve 
ment in the reproduction output. 

[0016] According to a ?rst aspect of the present invention, 
there is provided a magneto-optical recording medium com 
prising a transparent substrate; a magnetic reproducing layer 
laminated on said transparent substrate, said reproducing 
layer having an easy direction of magnetiZation in a plane at 
room temperature and having an easy direction of magne 
tiZation perpendicular to a ?lm surface at a given tempera 
ture or higher; a nonmagnetic intermediate layer laminated 
on said reproducing layer; and a magnetic recording layer 
laminated on said nonmagnetic intermediate layer, said 
recording layer having an easy direction of magnetiZation 
perpendicular to a ?lm surface; Wherein said nonmagnetic 
intermediate layer is thin enough to alloW magnetostatic 
bond betWeen said recording layer and said reproducing 
layer. 
[0017] Preferably, the nonmagnetic intermediate layer has 
a thickness ranging from 1 nm to 10 nm. The nonmagnetic 

Apr. 26, 2001 

intermediate layer is formed from a substance selected from 
the group consisting of Al, Si, Ti, oxides, and nitrides 
thereof. 

[0018] According to the ?rst aspect, the nonmagnetic 
intermediate layer is interposed betWeen the magnetic 
recording layer and the magnetic reproducing layer, so that 
the exchange bonding force betWeen the tWo magnetic 
layers can be perfectly cut off. OWing to the enough small 
thickness of the nonmagnetic intermediate layer, When the 
reproducing poWer is applied to the medium to heat the 
reproducing layer to the given temperature or higher, the 
magnetiZation of the recording layer is transferred to the 
reproducing layer by the magnetostatic interaction, thereby 
reproducing the information recorded on the recording layer. 
The exchange interaction betWeen the recording layer and 
the reproducing layer is cut off by the nonmagnetic inter 
mediate layer, thereby preventing the inclination of magne 
tiZation of the reproducing layer from the in-plane direction 
due to the exchange interaction in a loW-temperature area in 
a beam spot, With the result that the reproduction output can 
be improved. 

[0019] According to a second aspect of the present inven 
tion, there is provided a magneto-optical recording medium 
comprising a transparent substrate; a magnetic reproducing 
layer laminated on said transparent substrate, said reproduc 
ing layer having an easy direction of magnetiZation in a 
plane at room temperature and having an easy direction of 
magnetiZation perpendicular to a ?lm surface at a given 
temperature or higher; a magnetic intermediate layer lami 
nated on said reproducing layer, said magnetic intermediate 
layer having an easy direction of magnetiZation in a plane; 
and a magnetic recording layer laminated on said magnetic 
intermediate layer, said recording layer having an easy 
direction of magnetiZation perpendicular to a ?lm surface. 

[0020] Preferably, the magnetic intermediate layer is 
formed from a light rare earth-transition metal amorphous 
alloy ?lm represented by RXFeYCo1_X_Y (R=Nd, Sm), Where 
0<X<0.5 and 0§Y<0.5. 

[0021] According to the second aspect, the magnetic inter 
mediate layer having an easy direction of magnetiZation 
alWays in a plane is interposed betWeen the magnetic 
recording layer and the magnetic reproducing layer. Accord 
ingly, the in-plane magnetiZation of the magnetic interme 
diate layer is stable in a loW-temperature area in a beam spot 
in applying a reproducing poWer to the medium, so that there 
does not occur the inclination of magnetiZation of the 
magnetic intermediate layer due to the perpendicular mag 
netiZation of the recording layer. In a high-temperature area 
in the beam spot, the easy direction of magnetiZation of the 
reproducing layer is perpendicular. At this time, the perpen 
dicular direction of magnetiZation of the magnetic interme 
diate layer becomes an easy direction of magnetiZation 
because of the perpendicular magnetiZation of both the 
recording layer and the reproducing layer, and is made 
identical With the direction of magnetiZation of the recording 
layer by the exchange bond to the magnetiZation of the 
recording layer. Furthermore, the magnetiZation of the 
reproducing layer is exchange-bonded to the magnetiZation 
of the magnetic intermediate layer, and the direction of 
magnetiZation of the reproducing layer therefore becomes 
identical With the direction of magnetiZation of the interme 
diate layer. As a result, the direction of magnetiZation of the 
recording layer is transferred to the reproducing layer. 




































