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OVER WRITE CAPABLE 
MAGNETOOPTICAL RECORDING MEDIUM, 
RECORDING METHOD AND APPARATUS 

USING THE SAME 

Matter enclosed in heavy brackets [ ] appears in the 
original patent but forms no part of this reissue speci? 
cation; matter printed in italics indicates the additions 
made by reissue. 

This is a continuation of application Ser. No. 471.524 
?led Jan. 29. 1990. now abandoned. which is a division of 
application Ser. No. 192.764 ?led May 10. 1988. now U.S. 
Pat. No. 4.910.622. issued Mar. 20. 1990. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to an over write capable 

magnetooptical recording medium. and a recording method 
and apparatus and a reproduction method and apparatus 
using the same. 

2. Related Background Art 
In recent years. many efforts have been made to develop 

an optical recording/reproduction method. an optical record 
ing apparatus and a medium used therefor. which can satisfy 
various requirements including high density. large capacity. 
high speed access. and high recording/reproduction speed. 
Of various optical recording/reproduction methods. the 

magnetooptical recording/reproduction method is most 
attractive due to its unique advantages that information can 
be erased after use and new information can be written 
thereon. 
A recording medium used in a magnetooptical recording] 

reproduction method has a perpendicular magnetic anisot 
ropy layer or layers as a recording layer. The magnetic layer 
comprises. for example. amorphous GdFe. GdCo. GdFeCo. 
TbFe. TbCo. TbFeCo. and the like. Concentric or spiral 
tracks are formed on the recording layer. and data is 
recorded on the tracks. Note that in this speci?cation. one of 
the “upward” and “downward” directions of magnetization 
with respect to a ?lm surface is de?ned as an “A direction" 
and the other one is de?ned as a “non-A direction”. Data to 
be recorded is binarized in advance, and is recorded by a bit 
(B1) having “A-directed" magnetization and a bit (Bo) 
having “non-A-directed” magnetization. These bits B1 and 
B0 correspond to “l ” and “0” levels of a digital signal. 
respectively. In general. the direction of magnetization of the 
recording tracks can be aligned in the “non-A direction” by 
applying a strong bias ?eld before recording. This process 
ing is called “initialization”. Thereafter. the bit (B1) having 
“A-directed" magnetization is formed on the tracks. Data is 
recorded in accordance with the presence/absence and/or a 
bit length of the bit (B1). 

PRINCIPLE OF BIT FORMXFION 

In the bit formation. a characteristic feature of a laser. i.e.. 
excellent coherence in space and time. is e?’ectively used to 
focus a beam into a spot as small as the di?raction limit 
determined by the wavelength of the laser light. The focused 
light is radiated onto the track surface to write data by 
producing bits less than 1 pmin width on the recording layer. 
In optical recording. a recording density up to 108 bit/cm2 
can be theoretically attained. since a laser beam can be 
concentrated into a spot with a size as small as its wave 
length. 
As shown in FIG. 1. in magnetooptical recording. a laser 

beam L is focused onto a recording layer 1 to heat it. while 
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2 
a bias ?eld (Hb) is externally applied to the heated portion 
in the direction opposite the initialized direction. A coerciv 
ity B0 of the locally heated portion is decreased below the 
bias ?eld (Hb). As a result. the direction of magnetization of 
that portion is aligned in the direction of the bias ?eld (Hb). 
In this way. reversely magnetized bits are formed. 

Ferromagnetic and ferromagnetic materials differ in the 
temperature dependencies of the magnetization and He. 
Ferromagnetic materials have He which decreases around 
the Curie temperature and allow data recording based on this 
phenomenon. ‘Thus. data recording in ferromagnetic mate 
rials is referred to as To recording (Curie temperature 
recording). 
On the other hand. ferromagnetic materials have a com 

pensation temperature. below the Curie temperature. at 
which magnetization (M) becomes zero. The Hc abruptly 
increases around this temperature and hence abruptly 
decreases outside this temperature. The decreased He is 
cancelled by a relatively weak bias ?eld (Hb). Thus. record 
ing is enabled. This process is called Tcomp. recording 
(compensation point recording). 

In this case. however. there is no need to adhere to the 
Curie point or temperatures therearound. and the compen 
sation temperature. In other words. if a bias ?eld (Hb) 
capable of cancelling a decreased He is applied to a mag 
netic material having the decreased He at a predetermined 
temperature higher than a room temperature. recording is 
enabled. 

PRINCIPLE OF READING 

FIG. 2 illustrates the principle of data reading based on 
the magnetooptical elfect. Light is an electromagnetic wave 
with an electromagnetic-?eld vector normally emanating in 
all directions in a plane perpendicular to the light path. When 
light is converted to linearly polarized beams (Lp) and 
radiated onto a recording layer (1), it is re?ected by or passes 
through the recording layer (1). At this time. the plane of 
polarization rotates according to the direction of magneti 
zation (M). This phenomenon is called the magnetic Keir 
elfect or magnetic Faraday e?’ect. 

For example. if the plane of polarization of the re?ected 
light rotates through 6k degrees for “A-directed" 
magnetization. it rotates through 43,. degrees for the “non 
A-directed” magnetization. Therefore. when the axis of an 
optical analyzer (polarizer) is set perpendicular to the plane 
inclined at —6k. the light re?ected by “non-A-direction” 
magnetized bit (B0) cannot pass through the analyzer. On the 
contrary, a product (X sin2t3k)2 of the light re?ected by a bit 
(B 1) magnetized along the “A direction” passes through the 
analyzer and becomes incident on a detector (Photoelectric 
conversion means). As a result. the bit (B1) magnetized 
along the “A direction” looks brighter than the bit (B0) 
magnetized along the “non-A-direction”. and the detector 
produces a stronger electrical signal for the bit (B1). The 
electrical signal from the detector is modulated in accor 
dance with the recorded data. thus reading the data. 

In order to re-use a recorded medium. (i) the medium 
must be re-initialized by an initializing device. (ii) an erasing 
head as well as a recording head must be added to a 
recording apparatus. or (iii) recorded data must be erased 
using a recording apparatus or an erasing apparatus as 
preliminary processing. ' 

Therefore. in conventional rnagnetooptical recording 
method. an over-write operation. which allows new data 
recording regardless of the presence/absence of the recorded 
data. is impossible. 
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If the direction of a bias ?eld (Hb) can be freely changed 
between the “A direction" and “non-A direction”. an over 
write operation is possible. However. the direction of the 
bias ?eld (Hb) cannot be changed at high speed. For 
example. when a bias ?eld (Hb) applying means is a 
permanent magnet. the direction of the magnet must be 
mechanically reversed In this case. it is impossible to rotate 
the direction of the magnet at high speed. Similarly. when 
the bias ?eld (Hb) applying means is an electromagnet. the 
direction of such a large current cannot be reversed at high 
speed. 
For this reason. a magnetooptical recording medium and 

a recording method using the same. capable of an over-write 
operation upon modulation of light without turning on/o?" a 
bias ?eld (Hb) or changing the direction of the bias ?eld 
(Hb) have been developed. and have been disclosed in U.S. 
Ser. No. 870.350 on Jun. 4. 1986 which was abandoned in 
favor of continuation-impart application Ser. No. 090.973 
?led Aug. 31. 1987; which was abandoned in favor of 
continuation application Ser. No. 453.255 ?led Dec. 20. 
1989 (referred to herein as the “prior application”). 
According to this prior patent application. there is pro 

vided a magnetooptical recording method. in which data is 
recorded on a recording layer of a magnetooptical recording 
medium using a bit having upward-magnetization and a bit 
having downward-magnetization. the method comprising 
the steps of: 

(a) using. as the medium. a multilayered magnetic record 
ing medium consisting of a ?rst layer having a perpendicular 
magnetic anisotropy acting as a recording layer. and a 
second layer having a perpendicular magnetic anisotropy 
acting as a reference layer; 

(b) moving said medium; 
(c) applying an initial ?eld so that. before recording. the 

direction of magnetization of the recording layer is left 
unchanged. and that of the reference layer is aligned either 
upward or downward; 

(d) radiating a laser beam onto the medium; 
(e) pulse modulating an intensity of the laser beam in 

accordance with binary data to be recorded; 
(f) when the laser beam is radiated. applying a bias ?eld 

to the irradiated portion; and 
(g) when the intensity of the pulse-modulated laser beam 

is at high level. forming one of the bit having upward 
magnetization and that having downward-magnetization. 
and when the intensity of the pulse-modulated laser beam is 
at low level. forming the other bit. 
With the method of the prior application. the laser beam 

is pulse modulated based on data to be recorded. However. 
this procedure itself has been performed in conventional 
magnetooptical recording method. and a means for pulse 
modulating the beam intensity based on two-valued or 
binary data to be recorded is means known means. For 
example. see “THE BELL SYSTEM TECHNICAL 
JOURNAL." Vol. 62 (1983) pp. 1923-1936. 
A characteristic feature of the prior application lies in high 

and low levels of the beam intensity. More speci?cally. when 
the beam intensity is at high level. “A-directed” magneti 
zation of the reference layer is reversed to the “non-A 
direction" by means of a bias ?eld (Hb). and a bit having the 
“non-A-directed” (or “A-directed") magnetization is thus 
formed in the recording layer by means of the "non-A 
directed" magnetization of the reference layer. When the 
beam intensity is at low level. a bit having the “A-directed" 
(or “non-A-directed”) magnetization is formed in the record 
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4 
ing layer by means of the “A-directed” magnetization of the 
reference layer. If required high and low levels are given. it 
is easy for a person skilled in the art to modulate the beam 
intensity according to the prior application only by partially 
modifying the modulating means. 

In this speci?cation. if expressions 000 (or xxx) appear. 
ooo outside the parentheses in the ?rst expression corre 
sponds to 000 in the subsequent expressions 000 (or xxx). 
and vice versa. 
As is well known. even if recording is not performed. a 

laser beam is often turned on at very low level* in order to. 
for example. access a predetermined recording position on 
the medium. When the laser beam is also used for reading. 
the laser beam is often turned on at an intensity of the very 
low level*. In this invention. the intensity of the laser beam 
may be set at this very low level. However. low level for 
forming a bit is higher than the very low level*. The output 
waveform of the laser beam of the prior application is as 
shown in FIG. 3. 

In the prior application. a single beam is used. As 
described in another prior application. U.S. Ser. No. 104.421 
?led on Oct. 5. 1987. now U.S. Pat. No. 4.855.975 issued 
Aug. 8. 1989. two adjacent beams. i.e.. a leading beam of 
low level and a trailing beam of high level are used. In this 
application. the leading beam is not modulated in principle. 
and the trailing beam is modulated in accordance with data. 
thus allowing an over-write operation. In this case. the 
trailing beam is pulse-modulated between high level and 
base level (level equal to or lower than low level. The output 
waveform in this case is as shown in FIG. 4. 

The multilayered magnetooptical recording medium of 
the prior application includes a ?rst layer having a perpen 
dicular magnetic anisotropy as a recording layer. and a 
second layer having a perpendicular magnetic anisotropy as 
a reference layer. 
The invention of the prior application is divided into ?rst 

and second aspects. In both the aspects. the recording 
medium has a multilayered structure. which is divided into 
two layers. as shown in FIG. 5A. 
The ?rst layer is the recording layer. which exhibits high 

coercivity at room temperature and has low reversing tem 
perature. The second layer is the reference layer. which 
exhibits low coercivity at room temperature and has a higher 
reversing temperature than the ?rst layer. Both the layers 
comprise perpendicular anisotropy magnetic layers. Note 
that each of the ?rst and second layers can comprise a 
multilayered structure. If necessary. a third layer can be 
interposed between the ?rst and second layers. In addition. 
a clear boundary between the ?rst and second layers need 
not be formed. and one layer can be gradually converted into 
the other layer. 

In the ?rst aspect. the coercivity of a recording layer (?rst 
layer) is represented by Hal; that of a reference layer 
(second layer) HQ; the Curie temperature of the ?rst layer. 
Tcl; that of the second layer. T62; the room temperature. TR; 
the temperature of the recording medium when a low level 
laser beam is radiated. TL; that when a high level laser beam 
is radiated. T”. a coupling ?eld applied to the ?rst layer. 
H01; and a coupling ?eld applied to the second layer. Hm. 
In this case. the recording medium satis?es the following 
Formula 1. and satis?es Formulas 2 to 5 at the room 
temperature. 

Hm>Hm+IHmiHmt Formula 2 
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Hcr>HDr Formula 3 

Hm>Hm Formula 4 

H¢2+Hm<lHiniJ<Hm?im Formula 5 

In the above formula. symbol “*1” means “equal to” or 
“substantially equal to". In addition. of double signs 2*: and 
I. the upper sign corresponds to an A (antiparallel) type 
medium. and the lower sign corresponds to a P (parallel) 
type medium (these media will be described later). Note that 
the P type medium includes a ferromagnetic material and a 
magnetostatic coupling medium. 
The relationship between the coercivity and the tempera 

ture is as shown in the graph of FIG. 6. Refening to FIG. 6. 
the thin curve represents the characteristics of the ?rst layer 
and the bold curve represents those of the second layer. 

Therefore. when an initial ?eld (I-Iini.) is applied to the 
recording medium at room temperature. the direction of 
magnetization of the second layer is reversed without revers 
ing that of the ?rst layer. according to Formula 5. When the 

?eld (I-Iini.) is applied to the recording layer before 
recording. the second layer can be magnetized in the “A 
direction" (in the drawings. the “A direction” is indicated by 
an upward arrow “T”. and the “non-A direction” is indicated 
by a downward arrow w’). If the ?eld (Hini.) is 
decreased to zero. the direction of magnetization “T” of the 
second layer can be left unchanged without being 
re-reversed. according to Formula 4. 

FIG. 5B schematically shows a state wherein only the 
second layer is magnetized in the “A direction” “ ” imme 
diately before recording. 

Referring to FIG. 5B. the direction of magnetization in the 
?rst layer represents previously recorded data. Since the 
direction of magnetization in the ?rst layer 1 does not 
change the basic operation mechanism. it is indicated by X 
in the following description. The diagram in FIG. 5B is 
modi?ed as shown in Condition 1 in FIG. 7 for the sake of 
simplicity. 

In Condition 1. the high-level laser beam is radiated onto 
the recording medium to increase the medium temperature 
to T”. Since TH is higher than the Curie temperature Tcl. 
magnetization of the ?rst layer 1 disappears. In addition. 
since T His near the Curie temperature T H2. magnetization of 
the second layer 2 also disappears completely or almost 
completely. The bias ?eld. (Hb) in the “A direction” or 
“non-A direction” is applied to the medium in accordance 
with the type thereof. The bias ?eld (Hb) can be a stray ?eld 
from the medium itself. For the sake of simplicity. assume 
that the bias ?eld (Hb) in the “non-A direction” is applied to 
the medium. Since the medium is moving. a given irradiated 
portion is immediately separated from the laser beam and is 
cooled by air. When the temperature of the medium is 
decreased under the presence of the ?eld Hb. the direction 
of magnetimtion of the second layer is reversed to the 
“non-A. direction" based on the ?eld Hb (Condition 2” in 
FIG. 7). 
When the medium is further cooled and the medium ?rst 

layer appears again. In this case. the direction of magneti 
zation of the ?rst layer is influenced by that of the second 
layer due to a magnetic coupling (exchange or magnetostatic 
coupling) force. As a result. magnetization ~L (the P type 
medium) or T (the A type medium) is formed in accordance 
with the type of the medium. as shown in Condition 3 H in 
FIG. 7. 
A change in conditions due to high-level laser beam 

irradiation is called a high-temperature cycle herein. 
Next. in Condition 1 in FIG. 8. the low-level laser beam 

is radiated onto the medium to increase the medium tem 
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6 
perature to T,_. Since TL is near the Curie temperature TC 1. 
magnetization of the ?rst layer disappears completely or 
almost completely. However. since T,_ is below the Curie 
temperature T62. magnetization of the second layer does not 
disappear (Condition 2L in FIG. 8). In Condition 2,_. 
although the bias ?eld (Hb) is unnecessary. it cannot be 
turned on or off at high speed. Therefore. the bias ?eld (Hb) 
is left applied inevitably. 

However. since the coercivity HC2 is maintained high. the 
direction of magnetization of the second laym will not be 
reversed due to the ?eld Hb. Since the medium is moving. 
a given irradiated portion is immediately separated from the 
laser beam and is cooled by air. As cooling progresses. 
magnetization of the ?rst layer appears. The direction of 
magnetization is in?uenced by that of the second layer due 
to the magnetic coupling force. As a result. magnetization T 
(the P type medium) or ~L (the A type medium) appears in 
accordance with the type of the medium. This magnetization 
is not changed even at the room temperature (Condition 3 L 
in FIG. 8). 
A change in conditions due to low-level laser beam 

irradiation is called a low-temperature cycle herein. 
FIG. 9 summarizes the above descriptions. Referring to 

FIG. 9. bits. having either magnetization T or ~11. which are 
opposite to each other. are formed in the high- and low 
temperature cycles regardless of the direction of magneti 
zation in the ?rst layer. More speci?cally. an over-write 
operation is enabled by pulse modulating the laser beam 
between high level (high-temperature cycle) and low level 
(low-temperature cycle) in accordance with data to be 
recorded. 

Note that the recording medium normally has a disk 
shape. and is rotated during recording. For this reason. a 
recorded portion (bit) is again in?uenced by the initial ?eld 
(Hini). which is applied by ?eld applying means 
during a single rotation As a result. the direction of magne 
tization of the second layer is aligned along the original “A 
direction" T as shown in FIG. 10. However. at the room 
temperature. magnetization of the second layer can no 
longer in?uence that of the ?rst layer. and the recorded data 
can be held. 

If linearly polarized light is radiated onto the ?rst layer. 
since light re?ected thereby includes data. data can be 
reproduced as in the conventional magnetooptical recording 
medium. 
A perpendicular magnetic anisotropy ?lrn constituting the 

?rst (recording) layer and the second (reference) layer is 
selected from the group consisting of (1) crystalline or 
amorphous ferromagnetic or ferromagnetic materials having 
a Curie temperature and no compensation temperature. and 
(2) crystalline or amorphous ferromagnetic materials having 
both a compensation temperature and a Curie temperature. 
The ?rst aspect utilizing the Curie temperature has been 

described. In contrast to this. the second aspect of the present 
invention utilizes decreased coercivity Hc at a predeter 
mined temperature exceeding the room temperature The 
second aspect uses a temperature Tsl at which the ?rst layer 
is magnetically coupled to the second layer. in place of the 
temperature Tc1 in the ?rst aspect In addition. instead of the 
temperature T62. a temperature TS2 at which the second 
layer is reversed under the in?uence of the ?eld Hb is used 
Thereby. the second aspect can provide the same eEect as in 
the ?rst aspect. 

In the second aspect. the coercivity of the ?rst layer is 
represented by Hcl; that of the second layer. H62; a tem 
perature at which the ?rst layer is magnetically coupled to 
the second layer. T51; a temperature at which the direction 
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of magnetization of the second layer is reversed upon 
in?uence of the ?eld Hb. T82; room temperature. TR; a 
temperature of the medium when a low-level laser beam is 
applied thereto. TL; a temperature of the medium when a 
high-level laser beam is applied thereto; TH, a coupling ?eld 
applied to the ?rst layer. Hm; and a coupling ?eld applied 
to the second layer. Hm. In this case. the recording medium 
satis?es the following Formula 6. and satis?es Formulas 7 to 
10 at the room temperature. 

In the above formulas. upper signs of double signs i and 
; correspond to an A (antiparallel) type medium. and lower 
signs correspond to a P (parallel) medium (these media will 
be described later). 

In the ?rst and second aspects. the recording medium is 
constituted by ?rst and second layers. each of which pref 
erably comprises an amorphous ferromagnetic material 
selected from transition metal (e. g.. Fe. Co)—heavy rare 
earth metal (e.g.. Gd. Tb. Dy. and the like) alloy composi 
tions. 
When the ?rst and second layers are both selected from 

the transition metal - heavy rare earth metal alloy 
compositions. the direction and level of magnetization 
appearing outside the alloy are determined by the relation 
ship between the direction and level of spin of transition 
metal atoms (to be referred to as TM hereinafter) and those 
of heavy rare earth metal atoms (to be referred to as RE 
hereinafter) inside the alloy. For example. the direction and 
level of TM spin are represented by a ?rst vector T. those of 
RE spin are indicated by a second vector T. and the direction 
and level of magnetization of the alloy as a whole are 
represented by a double-solid vector. In this case. the vector 
is represented by a sum of s in vectors T and T. However. 
in the alloy. the spin vectors and T are directed in opposite 
directions due to the mutual e?ect of the TM spin and the RE 
spin. Thm'efore. when these vectors are equal to each other. 
the sum of spin vectors i and T is zero (i.e.. the level of 
magnetization appearing outside the alloy is zero). The alloy 
composition making the sum of vectors zero is called a 
compensation composition. When the alloy has another 
composition. it has a strength equal to a difference between 
the strengths of both the spins. and has a vector (T or 1) 
having a direction equal to that of the larger spin vector. 
Magnetization of this vector appears outside the alloy. 
When one of the strengths of the vectors of the RM spin 

and TM spin is larger than the other. the alloy composition 
is referred to as "oo rich” named aftm the larger spin name 
(e.g.. RE rich). 
The ?rst and second layers can be classi?ed into TM rich 

and RE rich compositions. Therefore. if the composition of 
the ?rst layer is plotted along the ordinate and that of the 
second layer is plotted along the abscissa. the types of the 
recording media according to the present invention can be 
classi?ed into four quadrants. as shown in FIG. 11. The P 
type medium described previously belongs to Quadrant I 
and Ill. and the A type medium belongs to Quadrant I1 and 
IV. Referring to FIG. 11. the intersection (origin) of the 
abscissa and the ordinate represents the compensation com 
position of both the layers. 
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In view of a change in coercivity with a change in 

temperatures. a certain alloy composition has characteristics 
wherein the coercivity temporarily increases in?nitely and 
then abruptly decreases before a temperature reaches the 
Curie temperature (at which the coercivity is zero). The 
temperature corresponding to the in?nite comcivity is called 
a compensation temperature ('I‘comp.). No compensation 
temperature is present between the room temperature and 
the Curie temperature in the TM rich alloy composition. The 
compensation temperature below the room temperature is 
irrelevant in magnetooptical recording. and hence. it is 
assumed in this speci?cation that the compensation tem 
perature is present between the room temperature and the 
Curie temperature. 

If the ?rst and second layers are classi?ed in view of the 
presence/absence of the compensation temperature. the 
recording medium can be classi?ed into four types. The 
recording medium in Quadrant I includes all the four types 
of media. The graphs of FIGS. 12A to 12D respectively 
show the relationship between the coercivity and the tem 
perature of the four types of media. Note that thin curves 
represent characteristics of the ?rst layer and bold curves 
represent those of second layer. 
When the ?rst (recording) layer and the second 

(reference) layer are classi?ed in view of their RE or TM 
rich characteristics and in view of the presence/absence of 
the compensation temperature. they can be classi?ed into 9 
classes. 

TABLE I 

Quadrant I 

First Layer: Second Layer’. 
Class RE rich RE rich Type 

1 Tcomp. Tcomp. 1 
2 No Tcomp. Toomp. 2 
3 Tcomp. No Tcomp. 3 
4 No Tcomp. No Toomp. 4 

Quadrant II 

First Layer: Second Layer: 
Class RE rich TM rich Type 

5 Tcomp. No Toomp. 3 
6 No Teomp. No Toomp. 4 

Quadrant lIl 

First Layer: Second Layer. 
Class TM rich TM rich Type 

7 No Tcornp. No Toomp. 4 
Quadrant IV 

First Layer: Second Layer. 
Class TM rich RE rich Type 

8 No Tcomp. Tcomp. 2 
9 No Tcomp. No Toomp. 4 

However. recording media disclosed in the prior applica 
tion have a relatively narrow range of formulas allowing an 
over-write operation. and a medium composition design 
therefore is rendered relatively difficult. 

SUMMARY OF THE INVENTION 

It is a ?rst object of the present invention to provide an 
over write capable magnetooptical recording medium which 
allows relatively easy composition design. 

It is a second object of the present invention to provide an 
over write capable recording method using the medium. 
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It is a third object of the present invention to provide an 
over write capable magnetooptical recording apparatus 
according to the method described above. 

The present inventors made extensive studies. and found 

that a medium in which the direction of an initial ?eld is the same as that of a bias ?eld Hb (Classes 1. 2. and 8 in 

Table l). and which satis?es predetermined formulas can 
allow an over-write operation if a jointing ?eld is used 
which continuously varies from the initial ?eld Hini. to the 
bias ?eld Hb, thus achieving the present invention. 

More speci?cally. according to a ?rst aspect of the present 
invention. there are provided the following recording 
medium Nos. 1' to 3‘. 

Medium No. 1' 

In a disk-shaped multilayered magnetooptical recording 
medium consisting of a perpendicular magnetic anisotropy 
layer structure that is at least a two-layered structure includ 
ing a ?rst layer serving as a recording layer and a second 
layer serving as a reference layer. the ?rst layer comprises a 
transition metal-heavy rare earth alloy which is heavy rare 
earth rich and has a compensation temperature between a 
room temperature and a Curie temperature. the second layer 
comprises a transition metal-heavy rare earth alloy which is 
heavy rare earth rich and has a compensation temperature 
between the room temperature and the Curie temperature. 
and the medium satis?es the following Formula (1): 

and satis?es the following Formulas at the room tempera 
ture: 

Medium No. 2' 

In a disk-shaped multilayered magnetooptical recording 
medium consisting of a perpendicular magnetic anison'opy 
layer structure that is at least a two-layered structure includ 
ing a ?rst layer serving as a recording layer and a second 
layer serving as a reference layer. the ?rst layer comprises a 
transition metal-heavy rare earth alloy which is heavy rare 
earth rich and does not have a compensation temperature 
between a room temperature and a Curie temperature. the 
second layer comprises a transition metal-heavy rare earth 
alloy which is heavy rare earth rich and has a compensation 
temperature between the room temperature and the Curie 
temperature. and the medium satis?es the following For 
mula (1): 

Tudor zTfTmzdcfTa (1) 
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10 
and satis?es the following formulas at the room temperature: 

W 

M3237, 
é lHbl (2) 

(5) 

Medium No. 3’ 

In a disk-shaped multilayered magnetooptical recording 
medium consisting of a perpendicular magnetic anisotropy 
layer structure that is at least a two-layered structure includ 
ing a ?rst layer serving as a recording layer and a second 
layer serving as a reference layer. the ?rst layer comprises a 
transition metal-heavy rare earth alloy which is transition 
metal rich and does not have a compensation temperature 
between a room temperature and a Curie temperature. the 
second layer comprises a transition metal-heavy rare earth 
alloy which is heavy rare earth rich and has a compensation 
temperature between the room temperature and the Curie 
temperature. and the medium satis?es the following For 
mula (1): 

TN c1=TL=Tmp.2<Tc2“TH (1) 

and satis?es the following formulas at the room temperature: 

W (2) 

TR: room temperature 
TCMPJ: compensation temperature of ?rst layer 
TW2: compensation temperatm'e of second layer 
Ta: Curie temperature of ?rst layer 
T2: Curie temperature of second layer 
TL: temperature of recording medium when low-level 

laser beam is radiated 

TH: temperature of recording medium when high-level 
laser beam is radiated 

HQ: coercivity of ?rst layer 
HQ: coercivity of second layer 
M51: saturation magnetization of ?rst layer 
M52: saturation magnetization of second layer 
t1: thickness of ?rst layer 
t2: thickness of second layer 
0”: interface wall energy 
Hint: initial ?eld 
Hb: bias ?eld 
According to the present invention. there is also provided 

a magnetooptical recording method for recording data on a 




























