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of the accompanying drawings. In contrast, under a recorded condition, the
direction of magnetisation This invention relates to magneto-optical re-
at recording portions 2W is reversed to that at the cording media,and more
particularly to magneto-     other portions, as shown in Figure 15 of the
ac- optical recording media having perpendicular an-   5   companying
drawings. In the case of compensation isotropy magnetic layers formed of
rare earth and  temperature recording, the temperature of the mag-
transition metals.                                  netic layer is
increased near to a compensation A  perpendicular anisotropy magnetic layer
temperature where a coercive force Hc diverges, formed of rare earth and
transition metals as ap-   thereby decreasing the coercive force. Thus,
mag- piled to a previously-proposed magneto-optical re-  10  netisation at
portions having a coercive force less cording medium is constituted by a
single com-     than that of the external magnetic field is inverted.
position magnetic layer.                            Accordingly, the
magnetic layer Is not heated up to Figure 12 of the accompanying drawings
the Curie temperature in the case of compensation shows a sectional view of
an essential part of the  temperature recording. previously-proposed
magneto-optical recording me-  15  Recording on to the perpendicular
anisotropy dium, for example a magneto-optical disc. As        magnetic
layer is desirably achieved by high-den- shown in Figure 12, a pair of
transparent substrates  sity recording. The aforementioned thermal mag- 1
each have recording track position detecting      netic recording such as
Curie temperature record- grooves on one side surface thereof. A
perpendicu-  ing or compensation temperature recording com- lar anisotropy
magnetic layer 2 formed of rare  20  monly has an advantage in that an
external mag- earth metal and transition metal is formed by depo-  netic
field required for recording or erasing in- sition on the one side surface
of each substrate 1  formation may be considerably less than that re- where
the grooves are formed. Both of the sub-      quired in so-called magnetic
recording using a strates 1 are bonded by an adhesive material 3
magnetic tape or a magnetic disc. with the perpendicular anisotropy
magnetic layers  25  However, in thermal magnetic recording, a 2 opposed to
each other. Protective layers 4 are    stray field [err] is generated by
magnetisation in the formed by deposition between each substrate 1
periphery of an area where the Curie temperature and its magnetic layer 2,
and between each mag-     has been reached by irradiation by a laser beam,
netic layer 2 and the adhesive layer 3.             or an area where a
coercive force Hc has been As shown In Figure 13 of the accompanying   30
decreased in the case of compensation tempera- drawings, which is a
schematic illustration of a    ture  recording, and  a  recording
permissible magnetised condition, the perpendicular anisotropy  (reversal
of magnetisation) temperature (which will magnetic layer 2 generates
perpendicular mag-       be hereinafter referred to as the recording
tempera- netisation Ms by the sum of the rare earth metal    ture) has been
reached. As a result, particularly spin [err] and the transition metal spin
[err] In the   35  during erasing, the stray field acts to cancel the layer
thickness or vertical direction.              external magnetic field
required for erasing infor- Recording on to the perpendicular anisotropy
mation. Therefore, a large external magnetic field Is magnetic layer 2 is
carried out by thermal mag-     required for erasing. Figure 16 of the
accompany- netic recording such as Curie temperature record-   ing drawings
shows a condition where a part a Is ing or compensation temperature
recording. In the   40  heated to a Curie temperature or a recording tem-
case of Curie temperature recording, an external    perature by irradiating
a laser beam 6 on to the magnetic field Is applied to a recording portion
by  perpendicular anisotropy magnetic layer 2. While magnetic field
generating means 5, as shown in      magnetisation at the part a is
eliminated at the Figure 12. Under this condition, a laser beam 6 is  Curie
temperature (for example), the stray field HSF directed through a condenser
lens system 7 to the   45  is generated at the part a by magnetisation Ms
In magnetic layer 2 to be recorded on the rear side of  the periphery of
the part a. Accordingly, when an the substrate 1 in such a manner as to
focus on     external magnetic field is applied to the part a to the
magnetic layer 2, thereby heating the focused   record or erase
Information, an effective magnetic portion to a temperature higher than the
Curie     field is affected by the stray field [err]. During temperature of
the magnetic layer 2 and eliminat-  50  recording, since a recording
portion has magnetisa- ing magnetisation of the heated portion. Thereafter,
tion with a direction which is the reverse to that of In the course of
cooling the magnetic layer 2,      the peripheral magnetisation, an
external magnetic magnetisation is generated in a direction which is  field
[err] upon recording has the same direction as identical with that of the
external magnetic field by  that of the stray field [err] but an external
magnetic the external magnetic field, thus effecting the re-  55  field
[err] upon erasing has a direction which is the cording. In other words,
under an erased condition  reverse to that of the stray field
[err].Therefore, or an unrecorded condition, the direction of mag-
effective magnetic fields [err] and [err] upon re- netisation is uniform
overall, as shown in Figure 14  cording and erasing, respectively, are
represented 
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following equations (1) and (2).            recording, reproducing and
erasing information on to and from a magneto-optical recording medium, that
is, a magneto-optical head portion having laser [err]
beam irradiating means, an optical lens system and 5   magnetic field
generating means, has previously As the effective magnetic field [err] upon
erasing is  been proposed to be of a non-contact type, in diminished by the
stray field [err] the external    which the head portion is retained and
scanned at magnetic field [err] needs to be increased.         a desired
distance from the magneto-optical re- In an ideal case where a sufficient
inverted    cording medium. Therefore the magnetic field gen- magnetic
domain may be obtained without the ex-   10  erating means will, be
separated from the magnetic ternal magnetic field [err] the effective
magnetic  layer of the recording medium  by a significant field [err] upon
recording may be obtained by the   distance. As shown in Figure 12, when a
distance d stray field [err] only. However, even in such an ideal  between
the magnetic field generating means 5 case, it is necessary to apply an
external magnetic  and the adjacent substrate 1 of the recording me- field
H., with a magnitude at least exceeding the   15 dium is set   to 1 mm, for
example, a distance D stray field [err] upon erasing. Further, in order to
between the magnetic field generating means 5 effect sufficient inversion
of magnetisation, an ex-  and the magnetic layer 2 for recording,
reproducing ternal magnetic field [err] of about double the mag-  and
erasing Information (by irradiation by the laser nitude of the stray field
[err] is required. In the case  beam  6) will be about 2.5 mm, In view of
the of compensation temperature recording, it is neces-  20  thickness of
the substrate 1 and the adhesive layer sary to add a coercive force Hc' of
a magnetic     3. Therefore, it is necessary to provide a suffi- layer, and
as a result, a larger external magnetic  ciently powerful magnetic field
generating means 5, field is required. In practise, the external magnetic
so as to apply a magnetic field of several [err] field should have a
magnitude of about several [err]  [err] to several 105 [err] (several
hundred oer- [err] to about several 105 [err] (about several  25  sted to
several thousand oersted) to the objective hundred oersted to about several
thousand oer-     magnetic layer 2. However, designing such a pow- sted)
for saturating the inverted magnetic domain  erful magnetic field
generating means 5 is accom- upon recording. Such magnitude of magnetic
field  panied by technically serious problems. In the case is required for
the external magnetic field [err] upon  that the magnetic field generating
means 5 is con- erasing.                                      30  stituted
by an electromagnet, for example, a prob- Curie temperature recording is
more advanta-   lem of significant power consumption or heat gen- geous
than compensation temperature recording,     eration will arise. When using
a permanent magnet and it is necessary to reduce the stray field [err] as
for  the magnetic field generating means 5, it is little as possible, so as
to reduce the external   difficult to accelerate a switching cycle of
record- magnetic field [err] upon erasing. The stray field  35
lng,reproducing and erasing, that is, the inversion [err] may be reduced to
some extent by making the    speed of the magnetic field. When recording in
a composition of the magnetic layer 2 substantially  weak applied magnetic
field, the carrier/noise (C/N) similar to a compensation composition which
may    ratio is low, and when erasing in a weak applied reduce the
saturation magnetisation Ms of the mag-  magnetic field, any
previously-recorded information netic layer 2. However, the coercive force
Hc is  40   may not be fully erased. Therefore, when re-re- Increased
thereby making magnetising difficult and  cording any information on the
previously-recorded also making inspection or testing of, for example, a
area, that is, over-writing any information, the in- magneto-optical disc,
as prepared troublesome.     formation error will be increased. This is
caused by the fact that inspection of such a   It is considered  effective
to adopt a magnetic disc is generally carried out by measurement using   45
field modulating method, so as to attain successful a VSM (vibrating sample
magnetometer) capable of   over-writing in magneto-optical recording. In
the generating a magnetic field of about 1.2 x [err]    magnetic field
modulating method, a magnetic field [err] (15 kOe). Therefore, it is
necessary to use a  to be applied is modulated according to the in-
different type of special measuring device or the  formation to be recorded
while a laser beam pro- temperature has to be increased to reduce the   50
vides a constant level of irradiation. Writing of a coercive force Hc for
measurement, which makes     signal is carried out according to the
direction of the operation complicated. Even when the mag-      the applied
magnetic field while a magnetic domain netic layer 2 Is prepared by
reducing the saturation  which has reached the Curie temperature or a
magnetisation Ms only without increasing the coer-  recording temperature
by the irradiation by the 



cive force Hc, the recording condition of the layer  56  laser beam is
being cooled. By contrast, in a laser is rendered unstable, and
high-density recording   modulating method, an external applied magnetic
cannot be carried out.                             field. Is fixed in the
direction of desired magnetisa- A magneto-optical head for
magneto-optically    tion, and a magnetic domain is irradiated by a laser 3
5                 EP 0 225 141 B1                     6 beam modulated
according to the information to be   layer and said magnetisation of said
second fer- recorded, and thereby inverted to carry out record-  rimagnetic
layer being arranged in opposite direc- ing of Information. However, In the
laser modulating  tions; method, it is necessary initially to erase any
characterised in that: previously-recorded information and then to write
5   said first and second ferrimagnetic layers do not fresh information on
the erased area for the pur-   have compensation temperatures between room
pose of re-recording of information. As a result,   temperature and the
respective Curie temperature; access time is increased and data transfer
rate is  and reduced. Further, if recording and erasing are car-  said
magnetisation of said first ferrimagnetic layer ried out by Independent
laser beams, pseudo over-  10  and said magnetisation of said second
ferrimag- writing may be attained, but apparatus and control  netic layer
together provide substantially no resid- operation are rendered complicated
with increased   ual stray magnetic field at a temperature between costs.
Naturally, this pseudo over-writing is not true  room temperature and a
recording temperature at over-writing. As described above, the magnetic
about the Curie temperature of at least one of said field modulating method
is preferable to attain  15  ferrimagnetic layers. over-writing. However,
it is almost impossible to       A preferred embodiment of the present
inven- generate a strong magnetic field with a high fre-   tion, to be
described in more detail hereinafter, quency (in the order of MHz) for
conducting the     provides a magneto-optical recording medium suit-
magnetic field modulating method.                   able for over-writing
information under the applica- In Japanese Patent Application Laid-Open
Pub-   20  tion of a relatively low magnitude external magnetic lication
No. JP-A-60-55538, there is disclosed a    field. magneto-optical recording
medium  including two         The invention will now be described by way of
magnetic layers, but effective over-writing of this  example with reference
to the accompanying draw- magneto-optical recording medium is not possible.
ings, throughout which like parts are referred to by Further, in Japanese
Patent Application Laid-Open   26  like references, and in which:
Publication No. JP-A-60-17165, there is disclosed a    Figure 1 is an
illustrative view of spontaneous compensation temperature recording
arrangement         magnetisation of a perpendicular anisotropy Including
two perpendicular anisotropy magnetic        magnetic layer according to an
embodiment of layers which are exchange coupled to each other,      the
present invention; but this arrangement also cannot provide effective   30
Figure 2 Is an illustrative view of the orientation over-writing.
of the spins forming the magnetised state shown As mentioned above, the
presence of a large        in Figure 1; stray field during magneto-optical
recording causes    Figure 3 is a graph showing a magnetisation various
problems and hinders the attainment of         curve of the perpendicular
anisotropy magnetic over-writing. If over-writing Is not attainable, an
35    layer of the magneto-optical recording medium erasing time
substantially equal to a re-recording     according to an embodiment of the
present in- time will be required, particularly when re-recording  vention;
continuous information such as music. Therefore, it    Figures 4 and 5 are
graphs showing Kerr loops would be desirable to achieve effective
over-writing   of the first and second magnetic layers em- so as to remove
an obstacle to the spread of  40       played for the magneto-optical
recording me- magneto-optical recording.                             dium
according to the preferred embodiment of According to the present invention
there is        the present invention; provided a magneto-optical recording
medium           Figure 6 is an illustrative view of magnetisation
comprising:                                            of the perpendicular
anisotropy magnetic layer a first ferrimagnetic layer formed of a rare
earth  45    in the recording state; metal and a transition metal, having
magnetisation     Figure 7 is an illustrative view of the orientation
perpendicular to a surface of said first ferrimagnetic  of the spins in the
magnetic layer shown in layer resulting from excess magnetisation of said
Figure 6; rare earth metal compared to said transition metal;    Figures 8
and 9 are sectional views of the and
so      magneto-optical recording medium according to 



a second ferrimagnetic layer formed of a rare earth   the preferred
embodiment of the present Inven- metal and a transition metal, having
magnetisation     tion; perpendicular to a surface of said second ferrimag-
Figure 10 is a graph showing the relationship netic layer resulting from
excess magnetisation of     between erasing power and C/N; said transition
metal;                         56      Figure 11 is a graph showing the
relationship said first and second ferrimagnetic layers being       between
a modulated external magnetic field superposed and coupled by exchange
Interaction,        and a recording output level; and said magnetisation of
said first ferrimagnetic     Figure 12 is a sectional view of a previously-
4    7                 EP 0225 141 B1                     8 proposed
magneto-optical recording medium;       magnetic layers 21 and 22 Is
greater than a coer- Figure 13 is an illustrative view of a magnetised
cive force of the magnetic layers 21 and  22. This state of the recording
medium shown in Figure    effect is theoretically described In "Japanese
Jour- 12;                                              nal of Applied
Physics". Vol. 20, No. 11, November Figure 14 is an illustrative view
showing the   5   1981, pp. 2089-2095. Thus, owing to the interaction
magnetised  state  upon  erasing  of  the        between the spontaneous
magnetisations [err] and previously-proposed magneto-optical recording
[err] of the magnetic layers 21 and 22, It is possible medium;
entirely or nearly to prevent a leakage magnetic Figure 15 is an
illustrative view showing the   field from being generated, and accordingly
en- magnetised  state  upon  recording  of the   10  tirely or nearly to
prevent a stray field from being previously-proposed magneto-optical
recording    generated. Figure 3 shows a magnetic field H medium; and
against magnetisation M curve of the magnetic Figure 16 is an illustrative
view showing a stray  layer 20 as measured by a VSM (vibrating sample field
in the previously-proposed magneto-optical  magnetometer), wherein a
residual magnetisation is recording medium.                           15
zero or nearly zero. That is, no leakage magnetic As shown in Figure 1, a
magneto-optical re-     field or stray field is generated from the magnetic
cording medium according to an embodiment of        layer 20 as mentioned
above, under the condition the present invention includes a perpendicular
an-  that no external magnetic field is applied. In the isotropy magnetic
layer 20 formed by laminating at  temperature range from an operational
temperature least first and second rare earth metal/transition   20
(generally, room temperature) of the magnetic layer metal magnetic layers
21 and 22 which are ex-      20 to a Curie temperature, a magnetic field H
change coupled to each other and have sponta-       against optical
detection strength I curve (in the neous magnetisations [err] oriented in
op-     form of a Kerr rotation angle curve or a Kerr posed relation to
each other upon recording and     hysteresis loop) in one magnetic layer,
for example erasing.                                       25  In the
second magnetic layer 22, is an abnormal The first and second magnetic
layers 21 and     Kerr loop as shown in Figure 4, wherein a magnetic 22 are
formed of an alloy containing one or more   field is inverted in the same
direction, while the of the rare earth metal elements such as Tb, Gd,
Kerr hysteresis loop of the other magnetic layer, for Dy, Eu, and one or
more of the transition metal    example the first magnetic layer 21, Is a
normal elements such as Fe, Co, Ni. The first magnetic  3o  Kerr loop as
shown in Figure 5. Thus, owing to the layer 21 contains a larger amount of
transition    interaction between the magnetic layers 21 and 22, metal as
exceeding a compensation composition,     the magnetic layer 20 produces a
magnetisation and the second magnetic layer 22 contains a larger  curve
with no or almost no residual magnetisation, amount of rare earth metal as
exceeding the com-  as shown in Figure 3. pensation composition. As shown
in Figure 2, the   35  Both of the magnetic layers are arranged not to spin
[err] of the transition metal atoms acts pre-   have a compensation
temperature in the tempera- dominantly in the first magnetic layer 21 to
gen-  ture range from room temperature to a recording erate the
magnetisation [err] shown in Figure 1, and  temperature or Curie
temperature. Since mag- the spin [err] of the rare earth metal atoms acts
netisations of the rare earth metal elements and the predominantly in the
second magnetic layer 22 to  40  transition metal elements have Independent
tem- generate the magnetisation M2 which is the reverse  perature
characteristics, the apparent magnetisation of the magnetisation [err]. At
the compensation com-  of the magnetic layers overall Is zero at the com-
position in a ferrimagnetic material having spins of  pensation
temperature, and a coercive force di- rare earth metal atoms and transition
metal atoms  verges at this temperature. The magnitude of mag- in opposite
directions to each other, magnetisations   45  netisation by the rare earth
metal elements Is in a caused by the spins are equal to each other at
reversed relation with respect to that caused by the 



normal temperature, and appear to have been        transition metal
elements with the boundary of the eliminated. As mentioned above, the
magnetisa-      compensation temperature. Therefore, the overall tions of
the first magnetic layer 21 and the second  magnetisation of the magnetic
layers is inverted magnetic layer 22 are oppositely oriented to be   50
with the boundary of the compensation tempera- cancelled overall, as shown
in Figure 1. The spins  ture. Thus, by selecting the layers to have no SRE
in the layers 21 and 22 are each oriented in   compensation temperature,
the magnetiisation [err] the same direction, and the spins [err] In the
layers  may be made nearly equal to the magnetisation[err] 21 and 22 are
also each oriented in the same       in the temperature range from room
temperature to direction, which is opposite to that of the spins [err].  55
the  Curie temperature, thereby to reduce the stray Thus, the spins [err]
and [err] are arranged in par-   field as mentioned above. If both the
magnetic allel relation to each other. Such a structure may  layers have a
compensation temperature in the be attained when exchange interaction
between the  temperature range from room temperature to the 5    9
EP 0 225 141 B1                      10 Curie temperature, magnetisation of
one of the     [err] containing a larger amount of Tb than magnetic layers
is inverted with the boundary of   the compensation composition. The first
and sec- the compensation temperature, and accordingly,     ond magnetic
layers 21 and 22 may be continu- the stray field cannot be reduced upon
recording.  ously deposited with the composition being varied The
constitution of the magnetic layer 20 is   5   as required by controlling a
sputtering current to be analysed with a coherent rotation model, and may
applied to Tb and FeCo targets of a sputtering be determined by the
selection of the compositions  apparatus, so as to prevent a non-magnetic
layer of the magnetic layers 21 and 22 in association    such as an oxide
layer having such a thickness as with the saturation magnetisation, the
coercive    to increase the exchange coupling of both the force Hc, the
anisotropy constant Ku, the tempera-  10   magnetic layers 21 and 22 from
being interposed ture characteristics and the thickness, etc.
therebetween. Recording of information on to the magnetic        A
protective layer 25, for example made of layer 20 is carried out In the
following manner. As  [err] is then deposited on the mag- shown in Figure
6, a laser beam 6 is focused on a  netic layer 20 consisting of the first
and second recording portion 23 to increase the temperature at  15
magnetic layers 21 and 22 by sputtering or evap- the recording portion 23
up to the Curie tempera-  oration. Thus, a magneto-optical recording medium
ture or the recording temperature. An external     is formed.
Alternatively, as shown in Figure 9, a magnetic field [err] is then applied
to the magnetic  pair of substrates 33, each formed with the mag- layer 20
in the layer thickness direction to invert  netic layer 20 as described
above, are combined the magnetisation [err] of, for example, the second
20  and bonded by an adhesive layer 26. Recording or magnetic layer 22 In
the course of cooling and     over-writing to the magnetic layer 20 of the
subsequently to Invert the magnetisation [err] of the  magneto-optical
recording medium may be carried first magnetic layer 21 exchange coupled
with the  out by the aforementioned magnetic field modulat- second magnetic
layer 22, thus forming a record-   Ing method. ing state. Figure 7 shows
the orientations of the   25  Figure 10 shows the relationship between
over- spins [err] and [err] of the rare earth metal and the  writing power
(erasing power) [err] to the magnetic transition metal in the magnetic
layers 21 and 22 in  layer and carrier/noise ratio (C/N), that is, the
eras- the recording state.                               ing
characteristics by over-writing. In this case, a As described above, the
spontaneous mag-        signal was recorded at a moving speed of the
netisations of the first and second magnetic layers  30  recording medium
relative to the magneto-optical 21 and 22 are directed in opposed relation
with    head of 4.71 rn/sec with a frequency of applied each other in the
temperature range from room      magnetic field of 500 kHz, and
over-writing of the temperature to the Curie temperature, thereby en-
signal was carried out at a relative moving speed of tirely or nearly
eliminating the stray field [err]. Ac-  6.3 m/sec with a frequency of 500
kHz. cordingly, as is apparent from the previous equa-  35  Figure 11 shows
the relationship between a tion (2), the effective magnetic field [err]
resulting  modulated external applied magnetic field M.[err]of from the
external applied magnetic field [err] upon  500 kHz and a reproduced
output. In this case, the erasing will be increased thereby to allow the
mag-  running speed of the recording medium was 4.24 netic field [err] to
be applied upon erasing to be set  m/sec, and the over-writing power PE was
4.5 mW at a relatively low magnitude, erasing requiring the   40  (direct
current). In Figures 10 and 11, curves 1OA larger external magnetic field.
and 11 A show the measurement results by using a magnetic layer of [err]
having a thick- 



EXAMPLE                                            ness of 7 x [err] (700
Angstroms) as the first magnetic layer 21, and a [err]75 layer Referring to
Figure 8, a transparent substrate  45  having a thickness of 5 x [err](500
Angstroms) 33 such as a glass substrate Is prepared with track  as the
second magnetic layer 22, respectively, position detecting grooves formed
on one surface.  while curves 10B and 11B show the measurement A protective
layer 24, for example made of [err]   results by using a conventional
magnetic single [err]or ZnS, is deposited on the surface of the   layer of
[err]. With reference to the transparent substrate 33 by sputtering or
evapora-  5o  curves 10A and 10B, the over-writing power PEA - tion. First
and second magnetic layers 21 and 22 of  (the laser power required for
completely erasing an amorphous Tb-FeCo are then deposited on the
original signal by over-writing) according to this protective layer 24 by
sputtering to form a thin   embodiment of the invention Is 4.50 mW, while
the perpendicular anisotropy magnetic layer 20. The    overwriting power
[err] of the previously-proposed first magnetic layer 21 has a composition
[err]-  55   method is 5.00 mW. Thus, It can be seen that the [err]
containing a larger amount of Fe than   over-writing power may be reduced
In arrange- the compensation composition, while the second     ments
according to the present invention. Further- magnetic layer 22 has a
composition [err]          more, as is apparent from the curve 11A in
Figure 6    11                EP0225 141 B1                       12 11, a
significant output level, only less by about 3  capable of over-writing,
initialisation for orienting dB than a maximum output level, is reached by
the  the magnetisation of the medium in one direction Is modulated external
magnetic field [err]  at about [err]  not necessary, and therefore, a
magnetising device 1350 [err]. That is, this embodiment of     as required
in the previously-proposed arrange- the present invention enables
over-writing with a   5   ment is not necessary. modulated magnetic field
in the order of 103 [err]      Consequently, embodiments of the present in-
(10 Oe).                                           vention may provide a
magneto-optical recording Although the first and second magnetic layers
medium capable of stable high-density recording 21 and 22 are directly
superposed in the above     and easy over-writing using a magnetic field
modu- preferred embodiment, a non-magnetic layer may   10  lating system.
be interposed between the magnetic layers 21 and 22 to such an extent that
it does not significantly  Claims hinder the exchange interaction of the
magnetic layers.                                            1. A
magneto-optical recording medium compris- Further, although in the above
preferred em-   15  ing: bodiment. the compositions of the first and second
a first ferrimagnetic layer (21) formed of a rare magnetic layers 21 and 22
are stepwise changed         earth metal and a transition metal, having
mag- on the boundary therebetween, the compositions of      netisation
[err] perpendicular to a surface of the magnetic layers may gradually and
continu-         said first ferrimagnetic layer (21) resulting from ously
change In the temperature range excluding   20   excess magnetisation of
said rare earth metal the compensation temperature, so that one layer
compared to said transition metal; and merges with the other as a graded
composition.         a second ferrimagnetic layer (22) formed of a As a
further alternative, the magnetic layer may   rare earth metal and a
transition metal, having be formed by a plurality of magnetic layers 21 and
magnetisation [err] perpendicular to a surface 22 alternately superposed on
one another.     25       of said second ferrimagnetic layer (22) result-
As described above, a magneto-optical record-      ing from excess
magnetisation of said transi- ing medium embodying the present invention
may        tion metal; eliminate generation of a stray field by the ex-
said first and second ferrimagnetic layers change interaction of the first
and second magnetic   (21,22) being superposed and coupled by ex- layers 21
and 22 each excluding a compensation   30    change interaction, and said
magnetisation temperature In the temperature range from room         [err]
of said first ferrimagnetic layer (21) and temperature to a Curie
temperature. The recording      said magnetisation [err] of said second
fer- medium may be employed for Curie temperature          rimagnetic layer
(22) being arranged in op- recording thereby to reduce the over-writing
power     posite directions; and the erasing power and to improve the
respon-  35   characterised in that: siveness to the external magnetic
field. As a result,  said first and second ferrimagnetic layers
over-writing may be carried out by a relatively       (21,22) do not have
compensation tempera- weak magnetic field, for example in the order of
tures between room temperature and the re- 



[err] (10 Oe) or less, with a magnetic modu-         spective Curie
temperature; and lating system. An electromagnet operable at fre-  40
said magnetisation [err] of said first ferrimag- quencies in the order of
MHz may be realised with      netic layer (21) and said magnetisation [err]
of a magnetic field [err] or less,       said second ferrimagnetic layer
(22) together and operation at higher frequencies may be real-
provide substantially no residual stray mag- ised with a magnetic field in
the order of [err]    netic field at a temperature between room tem- (10Oe)
or less, for example. Thus it is possible to  45  perature and a recording
temperature at about reduce the magnetic field and such reduction in the
the Curie temperature of at least one of said magnetic field contributes to
a high data transfer     ferrimagnetic layers (21,22). rate and a short
access time. Moreover, demagnetising fields due to the ex-   2. A recording
medium  according to claim  1, change interaction between the first and
second   50   wherein said first and second ferrimagnetic magnetic layers
21 and 22 are cancelled to elimi-     layers (21,22) are formed on a
transparent nate generation of a stray field. At the same time,
substrate (33). an apparent coercive force Hc Is increased and the
saturation magnetisation Ms is large thereby to    3. A recording medium
according to claim 1 or provide a significant magneto-optical effect.
There-   65  claim  2, wherein said first and second fer- fore, the
magneto-optical recording medium en-         rimagnetic layers (21,22) are
formed of the ables high-density recording with stability and high   same
elements but have different composi- C/N. Furthermore, since the recording
medium is        tions. 7    11                EP 0 225 141 B1
12       C   L    M    S 11, a significant output level, only less by about
3  capable of over-writing, Initialisation for orienting dB than a maximum
output level, is reached by the  the magnetisation of the medium in one
direction is modulated external magnetic field M.[err] at about [err]  not
necessary, and therefore, a magnetising device 1350[err] That is, this
embodiment of     as required in the previously-proposed arrange- the
present invention enables over-writing with a   5   ment is not necessary.
modulated magnetic field in the order of [err]    Consequently, embodiments
of the present in- (100e).
vention may provide a magneto-optical recording Although the first and
second magnetic layers   medium capable of stable high-density recording 21
and 22 are directly superposed in the above     and easy over-writing using
a magnetic field modu- preferred embodiment, a non-magnetic layer may   10
lating system. be interposed between the magnetic layers 21 and 22 to such
an extent that it does not significantly  Claims hinder the exchange
interaction of the magnetic layers.
1. A magneto-optical recording medium compris- Further, although in the
above preferred em-   15  ing: bodiment, the compositions of the first and
second     a first ferrimagnetic layer (21) formed of a rare magnetic
layers 21 and 22 are stepwise changed         earth metal and a transition
metal, having mag- on the boundary therebetween, the compositions of
netisation [err] perpendicular to a surface of the magnetic layers may
gradually and continu-         said first ferrimagnetic layer (21)
resulting from ously change in the temperature range excluding   20
excess magnetisation of said rare earth metal the compensation temperature,
so that one layer        compared to said transition metal; and merges with
the other as a graded composition.         a second ferrimagnetic layer
(22) formed of a As a further alternative, the magnetic layer may   rare
earth metal and a transition metal, having be formed by a plurality of
magnetic layers 21 and     magnetisation (M2) perpendicular to a surface 22
alternately superposed on one another.     25       of said second
ferrimagnetic layer (22) result- As described above, a magneto-optical
record-      ing from excess magnetisation of said transi- ing medium
embodying the present invention may        tion metal; eliminate generation
of a stray field by the ex-       said first and second ferrimagnetic
layers change interaction of the first and second magnetic   (21,22) being
superposed and coupled by ex- layers 21 and 22 each excluding a
compensation   30    change interaction, and said magnetisation temperature
In the temperature range from room         [err] of said first
ferrimagnetic layer (21) and temperature to a Curie temperature. The
recording      said magnetisation (M2) of said second fer- medium may be
employed for Curie temperature          rimagnetic layer (22) being
arranged In op- recording thereby to reduce the over-writing power
posite directions; 



and the erasing power and to improve the respon-   35  characterised in
that: siveness to the external magnetic field. As a result,  said first and
second ferrimagnetic layers over-writing may be carried out by a relatively
(21,22) do not have compensation tempera- weak magnetic field, for example
in the order of       tures between room temperature and the re- [err] or
less, with a magnetic modu-         spective Curie temperature; and lating
system. An electromagnet operable at fre-  40   said magnetisation [err] of
said first ferrimag- quencies in the order of MHz may be realised with
netic layer (21) and said magnetisation (M2) of a magnetic field  8,000
[err] (100 Oe) or less,       said second ferrimagnetic layer (22) together
and operation at higher frequencies may be real-       provide
substantially no residual stray mag- ised with a magnetic field in the
order of [err]    netic field at a temperature between room tem- (10 0e) or
less, for example. Thus it is possible to  45  perature and a recording
temperature at about reduce the magnetic field and such reduction in the
the Curie temperature of at least one of said magnetic field contributes to
a high data transfer     ferrimagnetic layers (21,22). rate and a short
access time. Moreover, demagnetising fields due to the ex-  2. A recording
medium  according to claim  1, change interaction between the first and
second   so   wherein said first and second ferrimagnetic magnetic layers
21 and 22 are cancelled to elimi-     layers (21,22) are formed on a
transparent nate generation of a stray field. At the same time,
substrate (33). an apparent coercive force Hc is increased and the
saturation magnetisation Ms is large thereby to    3. A recording medium
according to claim 1 or provide a significant magneto-optical effect.
There-  55  claim  2, wherein said first and second fer- fore, the
magneto-optical recording medium en-         rimagnetic layers (21,22) are
formed of the ables high-density recording with stability and high   same
elements but have different composi- C/N. Furthermore, since the recording
medium is       tions. 7    13                 EP 0 225 141 B1
14  11111111111111111111 4. A recording medium  according to claim  3,
compositions differentes. wherein the transition metal element Is Fe, Co or
both, and the rare earth metal element is    4. Support d'enregistrement
salon la revendica- Th.
tion 3, dans loquel l'6lement du metal de tran- -       sition est forme de
Fe, Co ou des deux, et S. A recording medium  according to claim  4,
1'6ldment du metal des terres rares est Th. wherein the first ferrimagnetic
layer (21) has a composition Tb19(FessCos)ei and the second      5. Support
d'enregistrement selon la revendica- ferrimagnetic layer (22) has a
composition          tion 4, dans loquel la premiere couche ferrima-
Tb25(Fe9sCos)75s                           10       gnetique (21) a la
composition Tbls(FesgCos)- '  et la seconde couche ferrimagnetique (22)
Revendlcattons                                         a une composition
Tb25(FesSCoS)75. 1. Support  d'enregistrement  magnrtooptique,
PatentansprUche comprenant:                                is une premlire
couche ferrlmagnetfque (21)    1. Magnetooptisches Aufzeichnungsmedium mit
formee d'un metal des terres rares et d'un             elner aus elnem
Seltenerdmetall und el- metal de transition, ayant une aimantation (MI)
nem Obergangsmetall bestehenden ersten for- perpendiculaire a une surface
de la premiere        rimagnetlschen Schicht (21) mit zu elner ihrer couche
ferimagnetique (21) et resultant de   20     Flachen sonkrechter
Magnetisierung (Mi), die l'aimantation en exces du metal des terres
aus dem OberschuR der Magnetislerung des rares par rapport au m6tal de
transition, et        Seltenerdmetalls gegenlber der Magnetisie- une
seconde couche ferrimagnetique (22)         rung des Obergangsmetalls
resultlert, und formee d'un metal des terres rares et d'un
einer aus elnem Seltenerdmetall und el- metal de transition, ayant une
aimantation (M2)  25  nem  Obergangsmetall bestehenden zweiten
perpendiculaire & une surface de la seconds         ferrimagnetischen
Schicht (22) mit zu elner couche ierrimagn~tique (22) et resultant de
ihrer Flachen  senkrechter  Magnefisierung l'aimantatfon en exces du metal
de transition,     (M2), die aus dem Oberschu0 der Magnetisie- la premiere
et la seconde couche ferrima-       rung des Seitenerdmetalls gagenlber der
Ma- gnetique (21, 22) etant superposees et cou-   30    gnetlsierung des
Obergangsmetalls resultiert, plees par une interaction d'dchange, et P'ai-
und 



mantation (MI) de la premlbre couche ferrima-          wobei die erste und
die zweite ferrimagne- gnetlque (21) et l'almantation (M2) de la secon-
ftische Schicht (21, 22) Oboreinander angeord- de couche ferrimagnetique
(22) ayant des sons       net und durch Austauschwechselwirkung mit-
oppos6s, caract6ris6 en ce quo             96       einander gekoppelt sind
und wobel die Magne- la premibre et la seconde couche ferrima-
tisierung (Mi) der ersten ferrimagnetischen gnetique (21, 22) nWont pas de
temperature de       Schicht (21) und die Magnetisierung (M2) der
compensation entre la temperature ambiante et       zweiten
ferrimagnetischen Schicht (22) entge- la temperature respective de Curie,
et              gengesetzte Richtungen habon, I'aimantation (MI) de la
premiere couche   40       dadurch gekennzelchnet, ferrimagnetique (21) at
l'aimantation (M2) de la       daR die erste und die zweite forrimagneti-
seconde couche ferrimagnetique (22) no don-         sche Schicht (21, 22)
zwischen Raumtempera- nent ensemble pratiquement aucun champ ma-
tur und der jeweiligen Curietemperatur nicht gnetique parasite r6siduel a
une temperature        temperaturkomponslert sind und comprise entre la
temperature ambiante et une   46     daB die Magnetislerung (MI) der ersten
temperature d'enregistrement qui est au voisi-     ferrimagnetischen
Schicht (21) und die Magne- nage de la temperature de Curie de l'une au
tisierung (M2) der zweiten ferrimagnetischen moins des couches
ferrimagnetiques (21, 22).        Schicht (22) bel einer zwischen
Raumtempera- tur und elner etwa be! der Curietemperatur 2. Support
d'enregistrement selon la revendica-  so    wenigstens  einer  der
ferrimagnetischen tion 1, dans lequel la premiere et la seconde
Schichten (21, 22) liegenden Aufzeichnungs- couche ferrimagnetique (21, 22)
sont formees        temperatur zusammen  kein  magnotisches sur un substrat
transparent (33).                   Reststreufeld iiefem. 3  Support
d'enregistrement solon la revendica-  56  2. Aufzeichnungsmedium nach
Anspruch 1, bel tlon 1 ou 2, dans lequel la premiere et la          dom die
orate und die zwelte ferrimagnetische seconds couche ferrimagnrtique (21,
22) sont        Schicht (21, 22) auf einem transparenten Sub- formees des
mames 6lments mals ont des             strat (33) ausgebildet sind. 8    15
EP0225 141 B1                     16     *    C    L  M   S   * 3.
Aufzeichnungsmedium nach Anspruch 1 oder 2, bel dem die erste und die
zweite ferrima- gnetische Schicht (21, 22) aud d6nselben Ele- menten
bestehen, jedoch unterschiedliche Zu- sammensetzungen haben.
5 4. Aufzelchnungsmedium  nach Anspruch 3, be! dem  das Obergangsmetali aus
Fe, Co oder beldem besteht und das Seltenerdmetall Tb Wst.
10 5. Aufzeichnungsmedlum nach Anspruch 4, be! dem die erste
ferrimagnetische Schicht (21) die Zusammensetzung Tbis(FessCos)u, hat und
die zweite ferrimagnetische Schicht (22)  15 die Zusammensetzung
Tb2s(FessCOs)75. 20 25- 30 35 40 45 50 55 9    


