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cause of their larger kerr rotation angle. However, the rare
earth-transition metal alloys BACKGROUND OF THE INVENTION
are inconvenient in that they are highly susceptible to oxidation and hence
to corrosion thus affecting their Field of the Invention
5   magnetic properties our experiments have revealed that, when simply
exposed to atmosphere after film This invention relates to a
magneto-optical disk  formation in vacuum, the TbFeCo film is oxidized to
employed in an external memory of an electronic    a thickness of about
50Afrom its surface, so thatthe computer or a recording apparatus for
recording au-  magnetic properties of the oxidized portion are lost. dio or
video Information. More particularly, it relates  10  Therefore, in using
the aforementioned thin films of to a magneto-optical disk capable of
performing re-  the rare earth-transition metal alloys as the recording
peated recording and erasure and making use as the  magnetic layer, it
becomes necessary as the third re- recording layer of an amorphous alloy of
rare earth-  quirement that the film be sandwitched on its both transition
metals having an easy axis of magnetiza-  sides by transparent and
thermally and chemically tion in a direction perpendicular to the film
surface.   15  stable protective films impermeable to oxygen. Under such
situation, there is known a magneto- Prior Art
optical disk wherein, as disclosed for example in the US Patent No.
4610912, a protective film, a magnetic The basic operating principle of a
magneto-opti-  recording film and a second protective film are pro- cal
disk is that a portion of a magnetic thin film is heat-  20  vided in this
order on a transparent base plate and a ed to a temperature above the Curie
point or a tem-  reflective metal film is provided as the fourth layer.
perature compensation point to annul the coercive  This reflective metal
film is provided for increasing force of this portion, and that the
direction of magne-  the apparent Kerr rotation angle in conjunction with
tization of this portion is inverted and assimilated with  the
aforementioned two protective films. the direction of the recording
magnetic field applied   25  It will be noted that, in the magneto-optical
disk, from outside. Therefore, in order that the magnetic  since the
recording is achieved thermally, various re- domains in which the direction
of magnetization has  cording properties are goverened not only by the been
inverted by recording will be produced with a  magnetic and optical
properties, but also by thermal high density and to the desired shape, it
is necessary  response characteristics. For example, the resolution that
the shape of the portion irradiated by the record-  30  capability of the
recording is governed by the thermal ing laserlight be reproduced
faithfullyas the shape of  resolution capability of the temperature
increasing the inverted magnetic domain. To this end, it is the  profile.
first requirement that the magnetic recording layer be  On the other hand,
the recording/erasure proper- a homogeneous amorphous thin film free of
crystal  ties also depend on the temperature environment at boundaries.
35  the time of the application. It is because the temper- On the other
hand, in the magneto-optical disk,  ature of the recording portion is the
sum of the in- the magneto-optical effects, such as the magnetic  crease in
the temperature caused by the recording Kerr effect or the Faraday effect,
are utilized in read-  laser light and the temperature at which the portion
is ing out the magnetic domain in which the direction of  preserved, so
that the recording laser light quantity magnetization has been inverted by
recording. There-  40   necessary for the temperature to reach the Curie
fore, in producing satisfactory reproducing signals, it  point becomes
larger or smaller according as the Is necessary as the second requirement
that magne-  preservation temperature is higher or lower. In order tization
be made in the direction normal to the direc-  for the magneto-optical disk
to be utilized in, for ex- tion of the electromagnetic field of the
electro-mag-  ample, a computer memory, it is necessary to take ac- netic
waves as the reproducing laser light that Is, in  45  count of the increase
in temperature within the disk the direction of Incidence of the laser
light, and that  apparatus, and the disk is required to have satisfac- the
magnetic recording layer be a perpendicularmag-  tory characteristics
underthe environment of a broad- netization film having its easy axis of
magnetization  er temperature range of [err] normal to the film surface.
In addition, the recordinglerasure/reproducing Heretofore, the thin film of
an alloy of rare earth-  50  laserlight quantity in the actual
diskapparatus is sub- transition metals has been proposed as the magneto-
ject to fluctuations caused by the errors in design val- optical recording
film satisfying these requirements.  ues or lens contamination. It is
thought to be neces- The amorphous perpendicular magnetization thin
sary to take account of the fluctuations in excess of film of these rare
earth-transition metal alloys can be  the range of -20% to +10%. The
intensity of the mag- formed easily on an inexpensive base plate or sub-
55  netic field applied from the outside is also subject to strate by
vacuum film forming methods, such as the  fluctuations. The magneto-optical
disk is required to sputtering or vacuum deposition methods. Of these  be
interchangeable among the diskapparatus subject alloys, TbFeCo and GdTbFe
are practically useful be-  to these fluctuations. 2    
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interchangeability under the  the recording magnetic layer being a magnetic
layer above described situations, it is necessary that the  mainly
containing TbFeCo and having a film thick- magnetic domain in which the
direction of magnetiza-  ness of not less than 180 A (100 A = 10nm) and not
tion has been inverted by recording underthe combin-  more than 280 A, the
first protective dielectric layer ation of the highestvalues of
magneticfield, laserout-   5   having the product of the refractive index
snd the film put and the temperature be able to be erased under  thickness
thereof of not less than 0.2 and not more the combination of the lowest
values of magnetic   than 0.35 times the wavelength of the employed laser
field, laser output and temperature. That is, it is nec-  light, the second
protective dielectric layer having the essary that the magneto-optical disk
recorded under  product of the refractive index and the film thickness
elevated temperatures and with the aid of the appa-  10  thereof of not
less than 0.1 and not more than 0.15 ratus of the maximum light quantity
and magnetic   times the wavelength of the employed laser light, the field
be able to be erased by the apparatus under the  reflective metal layer
having a film thickness of not lower temperatures and with the aid of the
apparatus  less than 500 A and not more than 1000 A and the re- of the
minimum light quantity and magnetic field.  flectivity at the boundary with
the second protective Also, when the high sensitivity disk produced under
15  dielectric layer of not less than 70%. the manufacture fluctuations is
erased under the       The characteristics of the magneto-optical disk
combination of the highest values of the magnetic  are not determined
solely by the material and the con- field, laser output and temperature the
information of  struction thereof, but depend largely on the combin- the
adjacent tracks should not be erased by excess  ation of the thicknesses of
the various layers. erasure. In addition, the reproduced information   20
According to the present invention, the disk has should not be lowered in
quality when the same track  a four-layer structure consisting of a first
protective is reproduced continuously in this state for an extend-
dielectric layer, a recording magnetic layer, a second ed time of period.
protective dielectric layer and a reflective metal layer. Therefore it is
necessary, as the fourth and most  The constraints forthe film thicknesses
ofthe various crucial requirement, that the magneto-optical disk  25
layers are determined not only from the optical and has a broad area of
satisfactory recordability in which  magneto-optical aspects, but from the
aspect of the the extent of the preestimated fluctuations of condi-
dynamic thermal response. tions should be sufficiently allowable.
By thus determining the constraints for the film The numerous proposals
that have been made in  thicknesses of the first protective dielectric
layer, re- connection with the magneto-optical disk are directed   30
cording magnetic layer, second protective dielectric to possible advantages
from the static optical and  layer and the reflective metal layer not only
from the magneto-optical aspects, but not to constraints from  optical and
magneto-optical aspects, but also from the aspects of dynamic thermal
response such that  the aspect of dynamic thermal response, it becomes
these proposals do not meet all of the above cited re-  possible to provide
a magneto-optical disk capable of quirements and are rather poor in
practical utilities.   35  high density recording and having the high
resolution Although the four-layer magneto-optical disk has  capability and
a broader optimum recording region been proposed, as disclosed in the
aforementioned  which allows for a sufficient extent of fluctuations of US
Patent No. 4610912, it has not been investigated  the preestimated
conditions. what film thicknesses of the four films should be set  In
addition, according to the present invention, for meeting the above fourth
requirements.    40  there may be provided a magneto-optical disk having
high corrosion resistance, operational reliability and OBJECT AND SUMMARY
OF THE INVENTION                practical utilities. It is therefore a
principal object of the present in-  BRIEF DESCRIPTION OF THE DRAWINGS
vention to provide a magneto-optical disk which has   45 satisfactory
practical utilities and a higher recording  Fig. 1 is an enlarged
diagrammatic sectional view density while being endowed with a long service
life  showing essential portions of an embodiment of the and a broader
optimum recording region which suffi-  magneto-optical disk to which the
present invention is ciently allows for fluctuations of the conditions
under  applied, with a portion thereof being broken away. the broader
environmental conditions.         50       Fig. 2 is an enlarged sectional
view showing es- According to the present invention, there is pro-  sential
portions of a recording layer. vided a magneto-optical disk comprising a
first pro-   Fig. 3 is a diagram showing the relation between tective
dielectric layer formed of a nitride, an amor-  the film thickness of the
recording magnetic layerand phous recording magnetic layer having magnetic
ani-  the coercive force Hc. sotropy perpendicular to the layer surface, a
second  55  Fig. 4 is a diagram showing the dependency of protective
dielectric layerformed of a nitride, and a re-  the film thickness of the
recording magnetic layer on flective metal layer formed of a metal
electro-chemi-  the optimum recording light quantity and the energy cally
less norble than the recording magnetic layer,  window. 3    5
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Fig. 5 is a diagram showing the distribution of the  isfied. temperature
reached on irradiation of recording laser  Although various oxides and
nitrides have been pulses and the inclination of the temperature profile.
proposed as the protective dielectric layer, nitrides Fig. 6 is a diagram
showing the relation between  such as silicon nitride or aluminum nitride
are prefer- the reflectivityand the length of the optical path of the   5
red since they are free from oxygen and hence do not first protective
dielectric layer.                produce oxygen contamination during the
film form- Fig. 7 is a diagram showing the relation among  Ing process,
while they exhibit high defensive proper- the amount of phase compensation,
R x [err] and the  ties for oxygen and water molecules. length of the
optical path of the first protective dielec-  Small amounts of additives
such as Cr, Ni or Ti, tric layer.                                  10  may
be effectively added to the recording magnetic Fig. 8 is a diagram showing
the relation among  layer for preventing the occurrence of corrosion due
the length of the optical path of the second protective  to defects present
in the protective dielectric layer, dielectric layer, R x [err] and the
laser light absorption  such as minute pinholes. efficiency of the
recording magnetic layer.           For preventing the above described
oxidation, it Fig. 9 is a diagram showing the relation between   15  is
preferred that the protective dielectric layer and the the amount of phase
compensation and the length of  recording magnetic layer be formed
continuously by the optical path of the second protective dielectric lay-
vacuum film forming without exposure to atmos- er.
phere. Fig. 10 is a diagram showing the relation between  Fig. 1 is a
partial side view showing an embodi- the energy window and the length of
the optical path  20  ment of a magneto-optical disk to which the present
of the second protective dielectric layer.        invention Is applied.
This magneto-optical disk is comprised of a transparent base plate 1 on
which are DETAILED DESCRIPTION OF THE INVENTION             stacked a
recording layer 10 and an organic protec- tive layer 4. If necessary,
another base plate having The present invention has clarified the con-  25
the similar structure may be stacked on the base straints for obtaining not
only the optimum optical  plate I to provide a double-sided disk.
conditions in the magneto-optical disk but also the  The transparent base
plate I is a transparent layered structure for satisfying the optimum
thermal  disk-shaped base plate about 1.2 mm in thickness. As conditions.
Thus the present invention provides a  the materials forthe base plate,
plastic materials such magneto-optical disk obtained by sequentially stack-
30  as acrylic resin, polycarbonate resin, polyolefin resin ing a first
protective dielectric layer, an amorphous re-  or epoxy resin or glass
plate Is preferred. cording magnetic layer having perpendicular aniso-
The transparent base plate 1 is required to have tropy, a second protective
dielectric layer and a re-  a laser light Incident side surface 1a which is
optically flective metal layer on a transparent base plate,  sufficiently
smooth and a recording layer side sur- wherein
35  face 1b which is usually provided with guide grooves (a) the recording
magnetic layer is a magnetic  2 and address codes 3 each having a depth
about one layer mainly consisting of TbFeCo and having a  fourth the
wavelength of the laser light employed. film thickness of not less than 180
Aand notmore  On the recording layer side surface 1b of the than 280 A,
transparent base plate 1, there are sequentially (b) the first protective
dielectric layer is a nitride  stacked a first protective dielectric layer
11, a record- film having a film thickness such thatthe product  ing
magnetic layer 12, a second protective dielectric of its refractive index
and the film thickness is not  layer 13 and a reflective metal layer 14 by
a vacuum less than 0.2 and not more than 0.35 times the  film forming
technique, as shown in Fig. 2. Of these, wavelength of the laser light
employed,        the first protective dielectric layer 11 and the second
(c) the second protective dielectric layer Is a nitr-  protective
dielectric layer 13 are preferably formed of ide film having a film
thickness such that the  a material that Is impermeable to oxygen and water
product of its refractive index and the film thick-  molecules, free of
oxygen and transparent to the las- ness Is not less than 0.1 and not more
than 0.15  er light employed, such as silicon nitride oraluminum times the
wavelength of the laser light employed,  nitride. and
50      The recording magnetic layer 12 is preferably (d) the reflective
metal layer Is a metal layer hav-  formed of an amorphous magnetic material
having an ing a film thickness of not less than 500 Aand not  easy axis of
magnetization in the direction normal to more than 1000 A, with the metal
being electro-  the film surface, a higher coercive force at room tem-
chemically less norble than the material of the re-  perature and a Curie
point at about [err] The alloy cording magnetic layer and having a
reflectivity  55   TbFeCo meets this requirement and hence is prefer- at
the boundary with the second protective di-  red. Small amounts of a fourth
elements, such as Cr, electric material being not less than 70%,     may be
added for affording corrosion resistnace. whereby all of the first to
fourth requirements are sat-  The reflective metal layer 14 stacked on the
sec- 4    7                   EP 0 387 420 B1                 8 



ond protective dielectric layer 13 Is preferably formed  Fig. 3 shows the
results of measurement of the of a heat conductive, highly reflective
non-magnetic  coercive force Hof a sample having its TbFeCo layer metal
capable of reflecting not less than 70 % of the  changed in thickness. This
sample is produced by laser light at the boundary of the metal layer 14.
Alu-  continuously forming silicon nitride, TbFeCo and sil- minum is
preferred as this metal.              5   icon nitride layers under the
same conditions on the The organic protective film 4, provided on this re-
glass base plate by sputtering. As shown in Fig. 3, the flective metal
layer 14, is preferably formed of a light  coercive force [err] Is lowered
acutely at the film thick- curable resin having high water-proofness in
view of  ness not larger than 180 A. high production efficiency.
It is therefore a requisite that the film thickness The convergent laser
light Is irrdiated so as to  10  of the recording magnetic layer 12 be not
less than pass through the base plate I to form a focal point on  180 A.
The upper limit of the film thickness is set as the recording layer 10of
the fourstacked films. When  the upper limit of the range for which a
sufficient ex- the recording magnetic layer 12 has a thickness less-  tent
of the optimum recording region is obtianed. The er than the wavelength,
the laser light is permeated  optimum recording region with the recording
laser through this layer 12. Therefore, the effective optical  15  light
quantity changed represents a crucial parameter and magneto-optical
properties of the recording layer  and avalue that may be used as an
indexforthis para- 10 depend not only on the optical properties of each
meter is found from an equation of 2 x (Pmax - layer, but depend largely on
the combination of the    Pmin)/(Pmax + Pmin), wherein Pmin stands for the
thicknesses of the respective layers, since the light  lower limit light
quantity for the optimum region and reflected at the boundaries between the
layers under-  20   Pmax stands for its upper limit value. This parameter
goes multiple interference with the light passing  is referred to
hereinafter as the energy window. This through the boundaries.
energy window expresses the optimum recording re- The irradiated laser
light is not absorbed by the  gion in terms of the relative ratio of the
center value transparent protective dielectric layers 11, 13, but is  of
this region. absorbed by the recording magnetic layer 12 and the   25  The
present inventors have conducted an optical reflective metal layer 14 and
thereby converted into  analysis and a three-dimensional thermal analysis
of heat, the remaining light being returned as the reflect-  the structure
of the embodiment shown In Fig. 1 with ed light. The energy absorbed at
this time by the re-  the aid of a computer. In these analyses, the shape
flective metal layer 14 having superior heat conduc-  of each magnetic
domain in which the direciton of tivity is not effective for recording and,
when the en-  30   magnetization is inverted by recording was found as ergy
is larger, the heat is dissipated along the film sur-  the region in which
the temperature exceeded the face to lower the resolution capability.
Therefore, an  Curie point. The wavelength of the reproducing sig-
arrangement is preferred in which this may be re-  nals was found by a
theory of diffraction for the nu- duced to a negligible value. These
conditions are met  merical aperture of the objective lens of 0.5 and the
by the second protective dielectric layer 13 having a   35   wavelength of
the laser light of 780 nm. A disk having thickness ranging from 200 A to
800 A.             the same structure as that used for several analytic The
constraints to the respective layers neces-  operations was produced for
trial for improving the sary for achieving the above object will be
hereinafter  precision in computation by collation with the comput-
explained for the case of the above described four-  ed results. layered
magneto-optical disk.                 40       Fig. 4 shows the above
energy window and the optimum light quantity as the results of the
analyses. Constraints to the Recording Magnetic Layer        In the present
computation, the thickness of the first protective dielectric layer 11 was
set to 1000 A, while Magnetic response is extremely faster than ther-  that
of the second protective dielectric layer 13 was mal response. It is
therefore critical to raise the tem-  45  set to 500 A and that of the
reflective metal layer 14 perature quickly and to lower the temperature
simi-  was set to 700 A. The energy window was found as larly quickly to
reduce the adverse effect when re-  the range forwhich the signal to noise
ratioof notless cording is performed at the next time adjacent to the  than
45 dB could be obtained. The results are shown preceding recording. For
meeting this condition, it Is  in Fig. 4, from which it is seen that the
energy window important that the recording magnetic layer 12, which   50
Is maximum for the film thickness of the recording is both the sole heating
and recording layer, has a low  magnetic layer 12 of 200 Aand reduced
forthe larger thermal capacity, that is, the recording magnetic layer  or
lesser film thicknesses. The optimum recording 12 has a reduced film
thickness. It is because the  light quantity required is the larger, the
thicker the re- thermal conduction along the film surface is in-   cording
magnetic layer 12. The value of the energy creased, if the film has a
larger thickness, and hence  55   window is preferably not less than 0.75,
so that the the cooling is retarded. However, with a smaller film  upper
limit of the film thickness of the recording mag- thickness, the film
exhibits unstable magnetism and  netic layer 12is 280 A. If the value of
the desirable en- hence the properties of the film are not exhibited.  ergy
window is assumed to be not less than 0.80, the 5    9                   EP
0 387 420 B1                 10 



upper limit of the film thIckness of the recording mag-  gress of reactive
substances such as oxygen, water netic layer 12 is about equal to 260 A.
molecules or corrosion ionsfromthe base plate under Limitations of the
Curie point of the recording  high temperature high humidity conditions,
and the magntic layer 12 for adaptation to the working temper-  optical
function as the constituent element of the lam- ature conditions ranging
over a wide extent of 0 to   5   inated thin film. From the standpoint of
protection, [err] will be hereinafter explained.                thisfilm is
preferablythickeras long as the production Fig. 5 shows the temperature
profile in the above  efficiency is lowered. Once this requirement is met,
described computation, wherein the maximum tem-    the thickness of the
first protective dielectric layer 11 perature reached by various portions
are viwed in the  may be determined from the magneto-optically opti-
sectional plane normal to the scanning direction as   10   mum conditions.
the recording laser pulse of 10 mW and 45 nanosec-    In Figs. 6 and 7, the
values of reflectivity R, the onds were irradiated while scanning the
position of  product of the effective Kerr rotation angle [err] and the the
radius of 30 mm with the rpm of 3600. In this fig-  reflectivity R (err)
and the amount of phase com- ure, the curves (a) and (b) stand for the
inclination of  pensation have been computed for various film thick- the
temperature profiles under the environment of  15  nesses d of the first
protective dielectric layer, herein [err] while the curve (c) stands for
the in-  of silicon nitride having the refractive index n=2.05 clination of
the temperature profile. For elevating the  within the range of the above
prescribed thickness of resolution capability, it is necessary that the
inclina-  the recording magnetic layer 12. The abscissa indi- tion of the
temperature profile be in the larger range  cates the length of the optical
path through the film at the Curie point which determines the boundary of
20  thickness of the first protective dielectric layer 11, in the magnetic
domain in which the direction of magne-  terms of the ratio of the product
of the refractive index tization is inverted by recording.
n and thickness d of the film 11 to the wavelength[err] If the Curie point
Is selected to be within the range  of the laser light employed, or
n.d[err] The reproducing in which this inclination has the magnitude of not
less  signal is proportional to the product of the effective than [err] the
temperature is not less than   25   Kerr rotaiton angle [err] and the
reflectivity R, which is [err] as indicated by the line (d).
equivalent to the magnitude of the reproducing signal. If the Curie point
is high, the temperature at the  The amount of phase compensation means
that value time of recording is correspondingly higher. This up-  of the
amount of phase compensation which is nec- perlimit is determined at the
temperature at which the  essary to restore the laser light reflected in
the form amorphous recording magnetic layer 12 is crystal-  30  of
elliptical polarization into linear polarization. Un- lized. If this layer
12 is crystallized, perpendicular  less phase compensation is not
performed, the value magnetic anisotropy and hence the function of mag-  of
the amount of phase compensation is desirably as netization are lost. The
differential thermal analysis  small as possible, since then the
reproducing signal has revealed that the static crystallization tempera-
is reduced. ture of the TbFeCo film is approximately 400C. If the   35  As
Illustrated, the contribution of the thickness of temperature is raised to
a temperature higher than  the first protective dielectric layer 11 to the
magneto- [err] in a shorter time interval of 100 nanoseconds  optical
properties is lesser than that of the thickness during recording,
crystallization does notoccurimme-  of the recording magnetic layer 12 or
of the second diately. However, when it is required to perform re-
protective dielectric layer 13 subsequently to be de- cording and erasure
over [err] times, crystallization   40  scribed. However, with the length
of the optical path proceeds gradually, so that the increase of the tem-
of the film thickness in the range of 0.2 to 0.3 wave- perature above the
crystallization temperature is not  length, the product of the effective
Kerr rotation angle desirable. Fig. 5 shows the temperature profile In  and
the reflectivity is larger and the value of the which the optimum recording
state is reached at the  amount of phase compensation is lesser, so that
the Curie point of [err] the maximum temperature at  45  thickness of the
first protective dielectric layer 11 is this time being approximately [err]
If the Curie tem-  preferably within this range. perature exceeds [err] the
maximum temperature under the optimum recording state is increased by a
Constraints to the Second Protective Dielectric value corresponding to the
ratio of the Curie point.  Layer Thus, when the Crie point set within the
range in  50 which the maximum temperature does not exceed the      Figs. 8
and 9 illustrate the results of computation crystallization temperature of
[err] the upper limit  of how the laser light absorption efficiency, the
prod- temperature is [err]                              uct of the
reflectivity R and the effective Kerr rotation angle [err] and the amount
of phase compensa- Constraints to the First Protective Dielectric Layer
55  tion are changed when the thickness of the second protective dielectric
film 13 of silicon nitride with the As described hereinabove, the first
protective di-  refractive index n of 2.05 is changed within the range
electric layer 11 has the function of prohibiting the In-  of above
described constraints on the film thickness- 6    11                  EP 0
387 420 B1                 12 



es of the first protective dielectric film 11 and the re-  ing laser light
by the recording magnetic layer 12 is cording magnetic layer 12. Similarly
to Figs. 6 and 7,  improved in the optical aspect. On the otherhand, the
the abscissa indicates the ratio of the product of the  scanning linear
velocity dependency of the optimum film thickness d and the refractive
index n to the wa-  recording sensitivity is reduced in the thermal aspect,
velength[err] of the laser light. As illustrated, the thick-   5   whereas
the corrosion resistant effect Is improved In ness of this second
protective dielectric layer 13 af-  the chemical aspect. These functions
are the more fects the magneto-optical properties tremendously.
outstanding, the larger the film thickness, and are in- The range of this
thickness is critical.           sufficient for the film thickness of not
more than 400 The laser light absorption efficiency of the re-  A. However,
the thermal capacity is increased with in- cording magnetic layer 12 does
not depend appreci-  10  crease in the film thickness so thatthe recording
sen- ably on the thickness of the second protective dielec-  sitivity Is
lowered. Therefore, for achieving the prac- tric layer 13. The Kerr signal,
which is the product of  tical utilities in accordance with the objective
of the the effective Kerr rotation angle [err] equivalent to the  present
invention, the film thickness of the reflective magnitude of the
reproducing signal and the reflectiv-  metal layer 14 of not less than 500
A and not more ity R, becomes the layer, the lesser the thickness of  15
than 1000 A is preferred. the second protective dielectric layer 13. Since
the   In order that the reflective metal layer 14 will be value of the
amount of phase compensation Is also  provided with the function of
preventing the corrosion lesser for the lesser thickness of the layer 13,
more  of the recording magnetic layer 12, it is necessary favorable
reproducing signal characteristics may be  that the reflective metal layer
14 be less norble elec- obtained magneto-optically for the lesser thickness
20  tro-chemically than the recording magnetic layer 12, range of the
second protective dielectric layer 13.  in orderto preventthe situation in
which the recording However, the more favorable function of the film
magnetic layer 12 Is corroded preferentially when a 13 as the protective
film may be obtained for the  local cell is formed in the presence of pin
holes or the thicker thickness of the film 13, and the optical path  like
defects.Although aluminum meets this condition, of the film 13 less than
0.1 wavelength is insufficient.  25   metals such as platinum, gold,
silverorcopperare not Moreover, the insulating effects between the record-
preferred since they promote the corrosion of the re- ing magnetic layer 12
and the heat conductive reflec-  cording magnetic layer 12. tive metal
layer 14 become insufficient with the re- duced film thickness so that not
only the recording sensitivity is lowered but also the resolution capabil-
30   Claims ity is also lowered since the heat Is spread trans- versely
through the reflective metal layer 14.     1. A magneto-optical disc
comprising a first protec- In Fig. 10, computation has been made of the en-
tive dielectric layer (11) formed of nitride, an ergy window, as the
critical recording characteristics,  amourphous recording magnetic layer
(12) hav- with the thickness of the second protective dielectric  35  ing
perpendicular magnetic anisotropy, a second layer 13 being changed, as in
Fig. 4. As shown, the    protective dielectric layer (13) formed ofa
nitride, energy window becomes maximum for the film thick-      and a
reflective metal layer (14) formed of a metal ness of 0.14 in terms of the
length of the optical path.  electro-chemically less noble than said
recording The energy window becomes the smaller, the lesser      magnetic
layer (12), the film thickness, although the magneto-optical  40
said recording magnetic layer (12) being a properties are improved for the
range of the smaller   magnetic layer mainly containing TbFeCo and film
thicknesses. The value of the energy window of    having a film thickness
of not less than 18 nm and not less than 0.75 is desirable, as In the case
of Fig.  not mor than 28 nm, 4, the preferred range of the thickness of the
second       said first protective dieelectric layer (11) protective
dielectric layer 13 being 0.1 to 0.15 wave-  45  having a film thickness
such that the product of length in terms of the length of the optical path.
If the  its refractive index and the film thickness thereof value of the
desirable energy window is assumed to     of not less than 0.2 and not more
than 0.35 times be not less than 0.80, the lower limit of the length of
the wavelength of the employed laser light, the optical path Is about
0.108.                            said second protective dieelectric layer
50     (13) having a film thickness such that he product Constraints to the
Reflective Metal Layer              of its refractive index and the film
thickness thereof of not less than 0.1 and not more than This reflective
metal layer 14 is endowed with the  0.15 times the wavelength of the
employed laser optical function as the reflective layer, the thermal
light, function as the heat sink and the function of prevent-  55  said
reflective metal layer (14) having a ing the corrosion of the recording
magnetic layer that  film thickness of not less than 50 nm and not may be
corroded readily. If the reflective metal layer  more than 100 nm and a
reflectivity at the bound- 14 is present, the absorption efficiency of the
record-  ary with the second protective dielectric layer 7    11
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es of the first protective dielectric film 11 and the re-  ing laser light
by the recording magnetic layer 12 is cording magnetic layer 12. Similarly
to Figs. 6 and 7,  improved in the optical aspect. On the other hand, the
the abscissa indicates the ratio of the product of the  scanning linear
velocity dependency of the optimum film thickness d and the refractive
index n to the wa-  recording sensitivity is reduced in the thermal aspect,
velength [err] of the laser light. As illustrated, the thick-   5   whereas
the corrosion resistant effect is improved in ness of this second
protective dielectric layer 13 af-  the chemical aspect. These functions
are the more fects the magneto-optical properties tremendously.
outstanding, the larger the film thickness, and are in- The range of this
thickness is critical.            sufficient for the film thickness of not
more than 400 The laser light absorption efficiency of the re-  A. However,
the thermal capacity is increased with in- cording magnetic layer 12 does
not depend appreci-  10  crease in the film thickness so that the recording
sen- ably on the thickness of the second protective dielec-  sitivity is
lowered. Therefore, for achieving the prac- tric layer 13. The Kerr signal,
which is the product of  tical utilities in accordance with the objective
of the the effective Kerr rotation angle [err] equivalent to the  present
invention, the film thickness of the reflective magnitude of the
reproducing signal and the reflectiv-  metal layer 14 of not less than 500
A and not more ity R, becomes the layer, the lesser the thickness of  15
than 1000 A is preferred. the second protective dielectric layer 13. Since
the    In order that the reflective metal layer 14 will be value of the
amount of phase compensation is also   provided with the function of
preventing the corrosion lesser for the lesser thickness of the layer 13,
more  of the recording magnetic layer 12, it is necessary favorable
reproducing signal characteristics may be  that the reflective metal layer
14 be less norble elec- obtained magneto-optically for the lesser thickness
20  tro-chemically than the recording magnetic layer 12, range of the
second protective dielectric layer 13.  in order to prevent the situation
in which the recording However, the more favorable function of the film
magnetic layer 12 is corroded preferentially when a 13 as the protective
film may be obtained for the   local cell is formed in the presence of pin
holes or the thicker thickness of the film 13, and the optical path  like
defects. Although aluminum meets this condition, of the film 13 less than
0.1 wavelength is insufficient.  25   metals such as platinum, gold,
silveror copper are not Moreover, the insulating effects between the
record-  preferred since they promote the corrosion of the re- ing magnetic
layer 12 and the heat conductive reflec-  cording magnetic layer 12. tive
metal layer 14 become insufficient with the re- duced film thickness so
that not only the recording sensitivity is lowered but also the resolution
capabil-  30   Claims ity is also lowered since the heat is spread trans-
versely through the reflective metal layer 14.      1. A magneto-optical
disc comprising a first protec- In Fig. 10, computation has been made of
the en-    tive dielectric layer (11) formed of nitride, an ergy window, as
the critical recording characteristics,  amourphous recording magnetic
layer (12) hav- with the thickness of the second protective dielectric  35
Ing perpendicular magnetic anisotropy, a second layer 13 being changed, as
in Fig. 4. As shown, the     protective dielectric layer(13)formed of a
nitride, energy window becomes maximum for the film thick-       and a
reflective metal layer (14) formed of a metal ness of 0.14 in terms of the
length of the optical path.  electro-chemically less noble than said
recording The energy window becomes the smaller, the lesser       magnetic
layer (12), the film thickness, although the magneto-optical  40
said recording magnetic layer (12) being a properties are improved for the
range of the smaller    magnetic layer mainly containing TbFeCo and film
thicknesses. The value of the energy window of     having a film thickness
of not less than 18 nm and not less than 0.75 is desirable, as in the case
of Fig.  not mor than 28 nm, 4, the preferred range of the thickness of the
second         said first protective dieelectric layer (11) protective
dielectric layer 13 being 0.1 to 0.15 wave-  45  having a film thickness
such that the product of length in terms of the length of the optical path.
If the  its refractive index and the film thickness thereof value of the
desirable energy window is assumed to      of not less than 0.2 and not
more than 0.35 times be not less than 0.80, the lower limit of the length
of  the wavelength of the employed laser light, the optical path is about
0.108.                              said second protective dieelectric
layer 50      (13) having a film thickness such that he product Constraints
to the Reflective Metal Layer               of is refractive index and the
film thickness thereof of not less than 0.1 and not more than This
reflective metal layer 14 is endowed with the  0.15 times the wavelength of
the employed laser optical function as the reflective layer, the thermal
light, function as the heat sink and the function of prevent-  55    said
reflective metal layer (14) having a ing the corrosion of the recording
magnetic layer that  film thickness of not less than 50 nm and not may be
corroded readily. If the reflective metal layer  more than 100 nm and a
reflectivity at the bound- 14 is present, the absorption efficiency of the
record-  ary with the second protective dielectric layer 7    (13) of not
less than 70%.                              Ober 28 nm verflgt; 



- wobel die erste schutzende dielektrische 2. The magneto-optical disk
according to claim 1           Schicht (11) elne solche Filmdicke auf-
wherein the recording magnetic layer (12) has a         weist, daB des
Produkt aus ihrem Bre- thickness of not less than 18 nm and not more   5
chungsindex und ihrer Filmdicke nicht klei- than 26 nm.
nerals des 0,2-fache und nichtmehrals das 0,35-fache der Wellenlinge des
verwende- 3. The magneto-optical disk according to claims I          ten
Laserllchts Ist; or2 wherein the Curie point of the recording mag-     -
wobei die zweite schOtzende dielektrische netic layer (12) is not lower
than [err] and not  io   Schicht (13) sine solche Filmdicke auf- higher
than [err]                                    weist, daB des Produkt aus
ihrem Bre- chungaindex und ihrer Filmdicke nicht klei- 4. The
magneto-optical disk according to anyone of         ner als des 0,1-fache
und nicht mehr als das claims 1 to 3 wherein the first protective dieelec-
0,15-fache derWellenlange des verwende- tric layer (11) is formed of
silicon nitride or alumi-  15  ten Laserlichts ist; num nitride.
- wobei die reflektierende Metallschicht (14) eine Filmdlcke nicht unter 50
nm und nicht 5. The magneto-optical disk according to anyone of
Ober 100 nm und ein Reflexionsvermogen claims 1 to 4 wherein the second
protective di-         an der Grenze zur zweiten schOtzenden di- electric
layer (13) is formed of silicon nitride or  20  elektrischen Schicht (13)
nicht unter 70% aluminum nitride.
aufweist. 6. The magneto-optical disk according to anyone of  2.
Magneto-optische Platte nach Anspruch 1, bei claims 1 to 5 wherein the
product of the refractive  der die magnetische Aufzeichnungsschicht (12)
index and the film thickness ofthe second protec-  25  eine Dicke nicht
unter 18 nm und nichtOber26 nm tive dielectric layer (13) is not less than
0.108 and  aufweist not more than 0.105 times the wavelength of the
employed laser light.                           3. Magneto-optische Schicht
nach einem der An- sprOche I oder2, bei derderCurie-Punkt derma- 7. The
magneto-optical disk according to anyone of  30  gnetischen
Aufzeichnungsschicht (12) nicht un- claims 1 to 8 wherein the reflective
metal layer   ter 1700C und nicht Ober 2200C liegt (14) is made of Al. 4.
Magneto-optische Platte nach einem derAnsprO- 8. The magneto-optical disk
according to claim 1       che I bis 3, be! der die erste schitzende
dielek- wherein an organic protective film (4) is formed   35  trische
Schicht (11) aus Siliciumnitrid oderAlumi- on the reflective metal layer
(14).                niumnitrid bestsht. 9. The magneto-optical disk
according to claim 8   5. Magneto-optische Platte nach einem derAnsprO-
wherein the organic protective film (4) is formed  che I bis 4, be! der die
zweite schutzende dielek- of a light curable resin.                  40
trische Schicht (13) aus Siliciumnitrid oderAlumi- niumnitrid besteht
PatentansprOche                                    6. Magneto-optische
Platte nach einem derAnspru- che I bis 5, bei der das Produkt aus dem Bre-
1. Magneto-optische Platte mit einer ersten schft-  45  chungsindex und der
Filmdicke der zwelten zenden dielektrischen Schicht (11), die aus Nitrid
schfItzenden dielektrischen Schicht (13) nicht bestsht, einer amorphen,
magnetischen Auf-        kWeiner als das 0,108-fache und nicht grOBer als
zeichnungsschicht (12) mit rechtwinkliger ma-      des 0,1 05-fache
derWellenlange des verwende- gnetlscher Anisotropie, einer zweiten
schutzen-    ten Laserilchts at. den dielektrischen Schicht (13) aus eiqem
Nitrid  5o und elner reflektierenden Metallschicht (14), die  7.
Magneto-optische Platte nach einem derAnspru- aus einem Metall besteht, das
elektrochemisch      che 1 bi 6, bei der die reflektierende Metall- weniger
edel als dasjenige der magnetischen        schicht (14) aus Al besteht.
Aufzeichnungsschicht (12) ist; - wobei die magnetische Aufzeichnungs-  55
8. Magneto-optische Platte nach Anspruch 1, be! schicht (12) eine
magnetische Schicht ist,     der ein organ lacher Schutzfilm (4) aufder
reflek- die hauptsfichlich TbFeCo enthilt und Ober    tierenden
Metallschicht (14) ausgebildet ist. eine Filmdicke nicht unter 18 nm und
nicht 8    15                 EP 0 387 420 B1                16      I
!IIl! HIIlj III 11111 II II * C  L  M4  S* 9. Magneto-optische Platte nach
Anspruch 8, be!      de nitrure de siliclum ou de nitrure d'aluminium. der
der organische Schutzfilm (4) aus einem durch Licht hartbaren Harz besteht.
6. Disque magneto-optique selon 'une quelconque 



des revendications 1 a 5 dans lequel Is produltde 5      I'indice de
r6fraction et de l'epaisseur de couche Revendlcatlons
de la second. couche dielectrique protectrice (13) n'est pas inferieure a
0,108 et pas sup6rieur 1. Disque magn6to-optique comprenant une pre-
A 0,105 fols la longueur d'onde de la lumiere du miere couche di6lectrique
protoctrice (11) form6e  laser utiliehe. de nitrure, une couche magn6tique
d'enregistre-  10 ment amorphe (12) ayant une anisotropie ma-   7. Disque
magn6to-optique salon lune quelcon- gn6tique perpendiculaire, uno seconds
couche     ques des revendications I a 6 dans lequel la cou- di6lectrique
protectrice (13) form6e d'un nitrurs,  che metallique r~flhchissante (14)
est fabriqu6e et une couche m6tallique riflichissante (14) for-  en
aluminium. m6e d'un metal 6lectro-chimiquement moins no-  15 ble que laditb
couche magnetique d'enregistre-  8. Disque magneto-optique salon la
revendication 1 ment (12),                                       dans
lequel une couche proectrice organique (4) ladito couche magnetique
d'enregistre-      est form6e sur la couche mtallique r6flichissan- ment
(12) etant une couche magn6tique conts-     ts (14). nant pfincipalement du
TbFeCo ot ayant une  20 epaisseur de couche de pas molns de 18 nm et  9.
Disque magn6to-optique solon la revendication 8 de pas plus de 28 nm,
dans loquel la couche organique protectrice (4) ladite premibre couche
dielectrique pro-    est form6e d'une resins polymerisablea la lumie-
tectrice (11) ayant une epaisseur de couche tells  re. quo son produit
d'indice de refractbon et de   25 l'epaisseurde couche de cells-cl de pas
moins de 0,2 et de pas plus de 0,35 fois la longueurd'onds de la lumiere du
laser utilisee, ladite seconde couche di6lectrique protoc- trice (13) ayant
une 6paisseur de couche tells  30 quo le produit de son Indice de
refractbon et de l'epaisseurde couche de celle-ci de pas moins de 0,1 et de
pas plus de 0,15 fois la longueurdonde de la lumiere du laser utilsiee,
ladito couche m6tallique reflechissantb  3S (14) ayant une 6paisseurde
couche de pas molns de 50 nm et de pas plus de 100 nm et une reflec- tivit6
A la limite de la secondo couche d6lelctrique protectrice (13) de pas moins
de 70%. 40 J>   2. Dibque magn6to-optique solon la revendication 1 dans
loqusl la couche magnetique d'enregistre- ment (12) a une epabsseurde pas
moinsde 18 nm et de pas plus de 26 nm. 45 3. Disque magn6tique selon les
revendications I ou 2 dans lequel le point de Curie de la couche ma-
gnetiqued'enregistroment(12) n'est pas Infirieur A 1700 C et pas sup6rieur
A 2200 C. 50 4. Disque magn6to-optique solon l'une quelconque des
revendications I A 3 dans 1equel la premiere couche di6lectrique
protectrice (11) est form6e de nitrure de silicium ou de nitrure
d'aluminium. 55 5. Disque magneto-optique selon l'une quelconque des
revendbcations I A 4 dans [equel la seconde couche dielectrique protectrice
(13) est form6e B    


