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(57)  The  magneto-optical  recording  medium  is 
provided  with  a  readout  layer  which  shows  the 
in-plane  magnetization  and  which  changes 
from  the  in-plane  magnetization  to  the  vertical 
magnetization  when  its  temperature  rises  high- 
er  than  a  predetermined  temperature  by  irradia- 
tion  of  the  light  beam,  a  memory  layer  which 
records  information  thereon  magneto-optically, 
an  intermediate  layer  which  keeps  in-plane 
magnetization  from  room  temperatures  to  its 
Curie  temperature,  and  an  writing  layer  which 
has  a  Curie  temperature  higher  than  that  of  the 
memory  layer  and  has  coercive  force  lower  than 
that  of  the  memory  layer.  Since  the  intermediate 
layer  becomes  a  domain  wall  in  optical  modu- 
lation  recording,  it  prevents  the  memory  layer 
and  the  writing  layer  from  forming  a  domain 
wall,  so  information  can  be  recorded  in  good 
condition.  Moreover,  a  portion  of  the  readout 
layer  besides  a  center  portion  of  the  light  beam 
shows  the  in-plane  magnetization  and  masks 
the  memory  layer  at  playback.  Therefore,  a 
recording  bit  can  be  made  small  and  recording 
density  can  be  improved  without  increasing 
interference  of  signals  from  neighboring  re- 
cording  bits,  which  causes  noises. 
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FIELD  OF  THE  INVENTION 

The  present  invention  relates  to  a  magneto-opti- 
cal  medium,  for  use  in  a  magneto-optical  recording 
device,  such  as  a  magneto-optical  recording  disk,  a 
magneto-optical  tape,  and  a  magneto-optical  card. 

BACKGROUND  OF  THE  INVENTION 

Recently  a  method  is  proposed  to  record  and  play 
back  a  recording  bit  smaller  than  the  size  of  a  light 
beam  on  a  recording  medium  (hereinafter  referred  to 
as  a  spot  diameter)  in  order  to  improve  recording  den- 
sity  of  the  recording  medium  such  as  a  magneto-opt- 
ical  recording  disk. 

Usually  intensity  of  the  light  beam  has  Gaussian 
distribution  since  the  light  beam  is  converged  to  a  dif- 
fraction  limit  by  a  condenser  lens  in  optical  recording, 
so  the  temperature  of  the  recording  medium  also  has 
Gaussian  distribution.  Therefore,  a  portion  having 
higher  temperature  than  a  predetermined  tempera- 
ture  is  smaller  than  the  spot  diameter.  Then,  if  only 
the  portion  having  higher  temperature  than  the  pre- 
determined  temperature  can  be  concerned  with  re- 
cording  and  playback,  the  recording  density  will  be 
improved  remarkably. 

However,  the  recording  density  in  a  conventional 
magneto-optical  recording  medium  depends  on  the 
spot  diameter  used  for  recording  and  playback.  That 
is,  in  the  conventional  magneto-optical  recording  me- 
dium,  if  a  recording  bit  is  smaller  than  a  spot  diameter 
of  a  light  beam,  there  are  plural  recording  bits  in  the 
spot.  Therefore,  signals  from  the  recording  bits  can- 
not  be  separated.  Then,  if  the  recording  bit  is  smaller 
than  the  spot  diameter,  interference  by  unwanted  sig- 
nals  due  to  neighboring  recording  bits,  which  is  the 
cause  of  generating  noises,  called  crosstalk,  grows 
large  at  playback.  That  limits  improvement  of  the  re- 
cording  density  due  to  making  the  recording  bits 
smaller. 

SUMMARY  OF  THE  INVENTION 

An  object  of  the  present  invention  is  to  provide  a 
magneto-optical  recording  medium  which  improves 
the  recording  density  by  making  a  recording  bit  small- 
er,  without  increasing  interference  by  unwanted  sig- 
nals  due  to  the  neighboring  recording  bits,  which 
causes  a  noise. 

To  achieve  the  above  described  object,  a  magne- 
to-optical  recording  medium  in  accordance  with  the 
present  invention  comprises:  (1)  a  readout  layer 
which  shows  in-plane  magnetization  at  room  temper- 
atures  while  changes  from  the  in-plane  magnetiza- 
tion  to  vertical  magnetization  when  the  temperature 
of  a  portion  irradiated  with  a  light  beam  is  over  a  pre- 
determined  temperature;  (2)  a  memory  layer  which 
records  information  magneto-optically;  (3)  an  inter- 

mediate  layer  showing  in-plane  magnetization  from 
room  temperatures  to  its  Curie  temperature;  and  (4) 
an  writing  layer  having  a  Curie  temperature  higher 
than  that  of  the  memory  layer,  its  coercive  force  at 

5  room  temperatures  being  lower  than  coercive  force  at 
room  temperatures  of  the  memory  layer. 

Another  magneto-optical  recording  medium  in 
accordance  with  the  present  invention  comprises  the 
same  structure  except  that  an  intermediate  layer 

10  showing  in-plane  magnetization  at  room  tempera- 
tures  and  changes  from  in-plane  magnetization  to 
vertical  magnetization  according  to  rising  of  its  tem- 
perature  substitutes  for  the  intermediate  layer  of  the 
first  described  magneto-optical  recording  medium. 

15  When  recording  on  the  magneto-optical  record- 
ing  medium  having  the  above  described  arrangement 
by  the  optical  modulation  overwriting,  for  example, 
first,  initializing  magnetic  field  which  is  smaller  than 
the  coercive  force  of  the  memory  layer  at  room  tem- 

20  perature  is  applied,  so  as  to  initialize  the  magnetiza- 
tion  direction  of  the  writing  layer  in  one  direction.  Nev- 
ertheless,  the  magnetization  of  the  memory  layer 
does  not  turn  over  since  coercive  force  of  the  memory 
layer  is  greater  than  the  initializing  magnetic  field. 

25  Next,  a  recording  magnetic  field  which  is  enough 
smaller  than  the  initializing  magnetic  field  is  applied 
on  the  recording  medium.  At  the  same  time,  a  light 
beam  modulated  so  as  to  have  both  high  and  low  level 
intensity  is  irradiated  onto  the  recording  medium  in 

30  the  following  manner. 
When  the  modulated  light  beam  of  high  level  in- 

tensity  is  irradiated  onto  the  recording  medium,  both 
the  temperature  of  the  memory  layer  and  that  of  the 
writing  layer  rise  near  or  above  their  own  Curie  tem- 

35  peratures  respectively.  Then,  the  magnetizations  of 
the  both  layers  once  become  0.  Consequently,  the 
magnetization  of  the  writing  layer  turns  over  due  to 
the  recording  magnetic  field.  When  the  cooling  proc- 
ess  begins  after  the  light  beam  leaves,  the  magneti- 

40  zation  of  the  writing  layer  is  copied  to  the  memory  lay- 
er  so  that  the  magnetization  direction  of  the  memory 
layer  coincides  with  that  of  the  writing  layer  by  the 
coupling  force  exerted  between  the  writing  layer  and 
the  memory  layer,  and  turns  in  the  direction  of  the  re- 

45  cording  magnetic  field. 
On  the  other  hand,  when  the  modulated  light 

beam  of  low  level  intensity  is  irradiated,  the  temper- 
ature  of  the  memory  layer  rises  near  the  Curie  tem- 
perature  or  higher  temperature,  but  that  of  the  writing 

so  layer  does  not  rise  near  the  Curie  temperature.  There- 
fore,  though  the  magnetization  of  the  memory  layer 
once  becomes  0,  that  of  the  writing  layer  does  not 
change.  Consequently,  magnetization  direction  of 
the  writing  layer  does  not  turn  over  due  to  the  record- 

55  ing  magnetic  field.  When  the  cooling  process  begins 
after  the  light  beam  leaves,  the  magnetization  of  the 
writing  layer  is  copied  to  the  memory  layer  so  that  the 
magnetization  direction  of  the  memory  layer  coin- 

2 



3 EP  0  608  134  A2 4 

cides  with  that  of  the  writing  layer  by  the  above  descri- 
bed  coupling  force,  and  turns  in  the  opposite  direction 
to  the  recording  magnetic  field. 

That  is,  the  magnetization  direction  of  the  mem- 
ory  layer  can  be  changed  by  controlling  the  level  of 
light  beam.  In  this  way,  information  can  be  recorded 
in  a  desired  portion  of  the  memory  layer,  so  the  infor- 
mation  can  be  recorded  due  to  the  optical  modulation 
overwriting. 

Meanwhile,  since  the  portion  irradiated  with  a 
light  beam  of  the  readout  layer  is  maintained  in-plane 
magnetization,  this  portion  is  not  concerned  with  re- 
cording. 

By  the  way,  both  the  memory  layer  and  the  writ- 
ing  layer  show  vertical  magnetic  anisotropy,  so  a  do- 
main  wall  would  occur  in  either  layer  so  that  the  re- 
cording  would  be  interrupted  according  to  the  mag- 
netic  condition,  if  there  were  no  measures  provided 
in  order  to  prevent  the  domain  wall  occurring.  There- 
fore,  the  magneto-optical  recording  medium  of  the 
present  invention  is  provided  with  an  intermediate 
layer,  which  shows  the  in-plane  magnetization  from 
room  temperatures  to  the  Curie  temperature  between 
the  memory  layer  and  the  writing  layer.  At  this  time, 
since  the  intermediate  layer  forms  a  domain  wall,  re- 
cording  is  carried  out  by  optical  modulation  overwrit- 
ing  without  obstacles. 

Meanwhile,  another  magneto-optical  recording 
medium  in  accordance  with  the  present  invention  pro- 
vided  with  an  intermediate  layer  between  the  memory 
layer  and  the  writing  layer  which  shows  the  in-plane 
magnetization  at  room  temperatures  and  changes 
from  the  in-plane  magnetization  to  the  vertical  mag- 
netization  according  to  rising  of  the  temperature. 
Therefore,  the  intermediate  layer  also  becomes  a  do- 
main  wall  at  room  temperatures,  thereby  making  it 
possible  to  initialize  the  writing  layer  with  lower  initial- 
izing  magnetic  field.  Additionally,  since  the  intermedi- 
ate  layer  changes  to  the  vertical  magnetization  at 
high  temperatures,,  the  coupling  force  exerted  be- 
tween  the  writing  layer  and  the  memory  layer  grows 
greater  in  the  later  cooling  process,  thereby  making  it 
easy  to  copy  the  magnetization  direction  in  the  writ- 
ing  layer  to  the  memory  layer.  Therefore,  recording  is 
carried  out  by  optical  modulation  overwriting  without 
obstacles. 

For  the  respective  magneto-optical  recording 
media,  the  light  beam  is  irradiated  to  the  readout  layer 
at  playback.  The  temperature  of  the  irradiated  portion 
on  the  magneto-optical  recording  medium  shows 
Gaussian  distribution  because  the  light  beam  inten- 
sity  shows  Gaussian  distribution.  Therefore,  the  tem- 
perature  rises  only  in  the  portion  smaller  than  the  di- 
ameter  of  the  light  beam.  According  as  the  tempera- 
ture  rises,  the  temperature-risen  portion  of  the  read- 
out  layer  changes  from  the  in-plane  magnetization  to 
the  vertical  magnetization.  At  this  time,  the  magneti- 
zation  direction  of  the  memory  layer  is  copied  to  the 

readout  layer  from  the  portion  of  the  memory  layer 
corresponding  to  the  temperature-risen  portion  of  the 
readout  layer  by  the  coupling  force  exerted  between 
the  readout  layer  and  the  memory  layer.  Therefore, 

5  the  magnetization  direction  of  the  readout  layer  coin- 
cides  with  that  of  a  corresponding  portion  of  the  mem- 
ory  layer. 

Then,  information  recorded  in  the  memory  layer 
is  played  back,  based  on  the  reflected  light  from  the 

10  portion  of  the  readout  layer  where  the  temperature 
rises. 

When  the  next  recording  bit  is  played  back  with 
a  shift  of  the  light  beam,  the  temperature  of  the  por- 
tion  where  the  temperature  previously  rose  in  the 

15  readout  layer  falls,  and  its  magnetization  changes 
from  the  vertical  magnetization  to  the  in-plane  mag- 
netization.  Then,  the  magnetization  recorded  in  the 
portion  of  the  memory  layer  corresponding  to  the 
portion  of  the  readout  layer  where  the  temperature 

20  rose  is  masked  by  the  in-plane  magnetization  of  the 
readout  layer,  so  it  comes  not  to  be  read  out.  It  results 
in  that  interference  by  unwanted  signals  due  to  neigh- 
boring  recording  bits  which  causes  noises,  or  cross- 
talk,  is  vanished. 

25  As  described,  since  only  the  portion  having  a 
temperature  higher  than  the  predetermined  tempera- 
ture  in  the  readout  layer  is  used  at  playback,  a  record- 
ing  bit  smaller  than  the  spot  diameter  of  the  light  beam 
can  be  played  back  so  that  recording  density  im- 

30  proves  remarkably. 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

Fig.  1  is  an  explanatory  view  showing  a  structure 
35  of  a  magneto-optical  disk  in  a  first  and  a  second  em- 

bodiments  of  the  present  invention. 
Fig.  2  is  an  explanatory  view  showing  magnetic 

condition  in  a  readout  layer  of.  the  magneto-optical 
recording  disk. 

40  Fig.  3  is  an  explanatory  view  showing  relation- 
ship  between  the  Magnetic  Kerr  Rotating  Angle  and 
the  external  magnetic  field  applied  to  the  readout  lay- 
er  in  a  range  between  room  temperatures  and  the 
temperature  T1. 

45  Fig.  4  is  an  explanatory  view  showing  relation- 
ship  between  the  Magnetic  Kerr  Rotating  Angle  and 
the  external  magnetic  field  applied  to  the  readout  lay- 
er  in  a  range  between  the  temperature  T1  and  the 
temperature  T2. 

so  Fig.  5  is  an  explanatory  view  showing  relation- 
ship  between  the  Magnetic  Kerr  Rotating  Angle  and 
the  external  magnetic  field  applied  to  the  readout  lay- 
er  in  a  range  between  the  temperature  T2  and  the 
temperature  T3. 

55  Fig.  6  is  an  explanatory  view  showing  relation- 
ship  between  the  Magnetic  Kerr  Rotating  Angle  and 
the  external  magnetic  field  applied  to  the  readout  lay- 
er  in  a  range  between  the  temperature  T3  and  the  a 
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Curie  temperature  Tc. 
Fig.  7  is  an  explanatory  view  showing  a  graph  of 

relationship  between  the  Magnetic  Kerr  Rotating  An- 
gle  and  the  external  magnetic  field  applied  to  the 
readout  layer  having  the  property  of  Fig.  2  at  room 
temperatures. 

Fig.  8  is  an  explanatory  view  showing  a  graph  of 
relationship  between  the  Magnetic  Kerr  Rotating  An- 
gle  and  the  external  magnetic  field  applied  to  the 
readout  layer  having  the  property  of  Fig.  2  at  120°C. 

Fig.  9  is  an  explanatory  view  showing  a  graph  of 
relationship  between  intensity  of  the  playback  light 
beam  and  the  amplitude  of  the  playback  signals  in  the 
readout  layer  having  the  property  of  Fig.  2. 

Fig.  1  0  is  an  explanatory  view  showing  a  graph  of 
relationship  between  length  of  the  recording  bit  and 
the  signal  quality  of  the  playback  signals  in  the  read- 
out  layer  having  the  property  of  Fig.  2. 

Fig.  11  is  an  explanatory  view  showing  a  graph  of 
relationship  between  intensity  of  the  playback  light 
beam  and  quantity  of  the  crosstalk  in  the  readout  lay- 
er  having  the  property  of  Fig.  2. 

Fig.  12  is  an  explanatory  view  showing  the  con- 
dition  that  the  light  beam  is  irradiated  on  the  magneto- 
optical  recording  disk  in  Fig.  1. 

Fig.  13  is  an  explanatory  view  showing  the  com- 
position  dependency  of  a  Curie  temperature  Tc  and 
the  composition  dependency  of  the  compensation 
temperature  Tcomp  of  Gdx(Fe0.82COo.i8)i-x- 

Fig.  14  is  an  explanatory  view  showing  the  com- 
position  dependency  of  a  Curie  temperature  Tc  and 
the  composition  dependency  of  the  compensation 
temperature  Tcomp  of  GdxFe^x- 

Fig.  15  is  an  explanatory  view  showing  the  com- 
position  dependency  of  a  Curie  temperature  Tc  and 
the  composition  dependency  of  the  compensation 
temperature  Tcomp  of  GdxCo^x. 

Fig.  16  (a)  and  (b)  are  the  explanatory  views 
showing  an  example  of  shape  of  both  the  lands  and 
the  grooves  provided  on  a  substrate  of  the  magneto- 
optical  recording  disk. 

Fig.  17  (a)  and  (b)  are  the  explanatory  views 
showing  another  example  of  shape  of  both  the  lands 
and  the  grooves  provided  on  a  substrate  of  the  mag- 
neto-optical  recording  disk. 

Fig.  18  (a)  and  (b)  are  the  explanatory  views 
showing  an  example  of  shape  of  both  the  lands  and 
the  wobbling  grooves  provided  on  a  substrate  of  the 
magneto-optical  recording  disk. 

Fig.  19  is  an  explanatory  view  showing  an  exam- 
ple  of  arrangement  of  wobbled  bits  provided  on  a  sub- 
strate  of  the  magneto-optical  recording  disk. 

Fig.  20  is  an  explanatory  view  showing  another 
example  of  the  arrangement  of  the  wobbled  bits  pro- 
vided  on  a  substrate  of  the  magneto-optical  recording 
disk. 

Fig.  21  (a)  and  (b)  are  the  explanatory  views 
showing  still  another  example  of  the  arrangement  of 

the  wobbled  bits  provided  on  a  substrate  of  the  mag- 
neto-optical  recording  disk. 

Fig.  22  is  an  explanatory  view  showing  recording 
for  the  magneto-optical  recording  disk  in  Fig.  1. 

5  Fig.  23  is  an  explanatory  view  showing  a  struc- 
ture  of  one  side  type  magneto-optical  recording  disk. 

Fig.  24  is  an  explanatory  view  showing  a  struc- 
ture  of  both  side  type  magneto-optical  recording  disk. 

10  DESCRIPTION  OF  THE  EMBODIMENTS 

The  following  description  explains  an  embodi- 
ment  of  the  present  invention  with  reference  to  Figs. 
1  to  24,  taking  a  magneto-optical  recording  disk  as  an 

15  example  of  a  magneto-optical  recording  medium. 
As  shown  in  Fig.  1,  a  magneto-optical  recording 

disk  in  accordance  with  the  present  embodiment  is 
composed  of  a  substrate  1,  a  transparent  dielectric 
layer  2,  a  readout  layer  3,  a  memory  layer  4,  an  inter- 

20  mediate  layer  7,  a  writing  layer  8,  a  protection  layer 
5,  and  an  overcoating  layer  6.  The  layers  are  lamin- 
ated  in  the  above  described  order. 

The  rare  earth-transition  metal  alloys  are  used 
for  the  readout  layer  3  having  compositions  described 

25  later  in  detail.  First,  the  magnetic  property  is  ex- 
plained  conceptually. 

Fig.  2  shows  conceptually  the  condition  of  the 
magnetization  in  the  rare  earth-transition  metal  alloy 
used  for  the  readout  layer  3.  The  horizontal  axis 

30  shows  the  content  of  the  rare  earth  metals,  and  the 
vertical  one  shows  the  temperature.  A  curve  inclined 
upwards  towards  the  right  shows  a  compensation 
temperature  Tcomp,  and  a  curve  inclined  downwards 
towards  the  right  shows  a  Curie  temperature  Tcurie.  At 

35  each  temperature,  it  is  only  in  a  narrow  composition 
range  (compensation  composition)  nearthe  compen- 
sation  temperature  curve  that  a  magnetic  moment  of 
the  rare  earth  metals  and  that  of  the  the  transition 
metals  balance,  and  the  alloy  shows  the  vertical  mag- 

40  netization  as  a  whole.  The  alloy  shows  the  in-plane 
magnetization  in  other  compositions.  In  the  figure, 
"A"  shows  a  range  of  the  compensation  composition 
at  room  temperatures. 

By  the  way,  the  temperature  property  of  the  mag- 
45  netic  moment  differs  between  the  rare  earth  metals 

and  the  transition  metals.  The  magnetic  moment  of 
the  transition  metals  is  greater  than  that  of  rare  earth 
metals  at  high  temperatures.  Therefore,  in  the  em- 
bodiment,  content  of  the  rare  earth  metals  is  made 

so  greater  than  the  compensation  composition  at  room 
temperatures  so  that  the  alloy  may  show  not  vertical 
but  the  in-plane  magnetization  at  room  temperatures. 
Then,  when  the  light  beam  is  projected  so  as  to  rise 
the  temperature  of  a  portion,  the  magnetic  moment 

55  of  the  transition  metals  grows  greater  relatively  so  as 
to  balance  with  the  magnetic  moment  of  the  rare 
earth  metals.  Therefore,  the  alloy  shows  the  vertical 
magnetization  as  a  whole. 

4 
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Next,  Figs.  3  to  6  conceptually  show  the  relation- 
ship,  i.e.,  hysteresis  property,  between  the  external 
magnetic  field  Hex  (the  horizontal  axis  in  the  figure) 
applied  vertically  onto  the  surface  of  the  readout  layer 
3,  and  the  Magnetic  Kerr  Rotating  Angle  9K  (the  vert- 
ical  axis  in  the  figure),  when  the  light  beam  is  irradi- 
ated  vertically  on  the  surface.  Fig.  3  shows  the  hys- 
teresis  property  of  a  composition  P  in  Fig.  2,  from 
room  temperatures  to  the  temperature  T1.  Similarly, 
Figs.  4,  5,  and  6  show  the  hysteresis  property  from 
the  temperature  T1  to  T2,  from  T2  to  T3,  and  from  T3 
to  the  Curie  temperature  Tc,  respectively. 

As  shown  in  Figs.  4  and  5,  the  Magnetic  Kerr  Ro- 
tating  Angle  9K  rises  abruptly  for  external  magnetic 
field  Hex  in  the  range  from  the  temperature  T1  to  T3, 
and  is  not  0  even  when  the  external  magnetic  field 
Hex  is  0.  Meanwhile,  Figs.  3  and  6  show  the  Magnetic 
Kerr  Rotating  Angle  9K  is  almost  0  when  the  external 
magnetic  field  Hex  is  0,  in  the  range  from  room  tem- 
peratures  to  the  temperature  T1  and  from  the  temper- 
ature  T3  to  the  Curie  temperature  Tc. 

For  the  readout  layer  3,  with  the  above  described 
magnetic  property,  where  the  content  of  the  rare 
earth  metals  is  more  than  the  compensation  compo- 
sition  at  room  temperatures,  Gdo.26(Fe0.82Co0.i8)o.74  is 
used,  having  a  membrane  thickness  of  50nm  and  a 
Curie  temperature  Tc  of  about  300°C,  for  example  in 
this  embodiment. 

Dyo.23(Feo.78Co0.22)o.77  is  used  for  the  memory  lay- 
er  4  with  a  membrane  thickness  of  50nm  and  a  Curie 
temperature  Tc  of  about  200°C,  for  example  in  this 
embodiment.  DyFeCo  has  small  vertical  magnetic 
anisotropy,  so  the  external  magnetic  field  Hex  used 
at  recording  can  be  reduced. 

When  the  readout  layer  3  and  the  reading  layer  4 
are  combined,  the  magnetization  of  the  readout  layer 
3  shows  the  in-plane  magnetization  at  room  temper- 
atures  and  changes  from  the  in-plane  magnetization 
to  the  vertical  magnetization  in  the  temperatures  be- 
tween  100°Cand  125°C. 

Gdo.3o(Fe0.78Co0.22)o.7o  is  used  for  the  intermedi- 
ate  layer  7  with  a  membrane  thickness  of  20nm  and 
a  Curie  temperature  Tc  of  about  200°C,  for  example. 

(Gdo.5Dyo.5)o.25(Feo.78Coo.22)o.75  is  used  for  the 
writing  layer  8  with  a  membrane  thickness  of  50nm 
and  a  Curie  temperature  of  about  300°C,  for  example. 

For  the  substrate  1  ,  a  disk  made  of  glass  having 
an  outer  diameter  of  86mm,  an  inner  diameter  of 
1  5mm,  and  a  thickness  of  1  .2mm  is  used  for  example, 
and  a  surface  of  the  transparent  dielectric  layer  2  side 
is  provided  with  guide  tracks,  having  a  pitch  of  1.6nm 
(a  groove  with  width  of  0.8nm  and  a  land  with  width 
of  0.8nm),  for  guiding  the  light  beam.  The  guide  tracks 
are  made  in  accordance  with  the  reactive  ion  etching 
method. 

Transparent  AIN,  with  an  index  of  refraction  of  2.0 
and  a  membrane  thickness  of  80nm  is  used  as  the 
transparent  dielectric  layer  2.  AIN  is  a  kind  of  nitride 

membrane  and  has  high  humidity  resistance. 
AIN  with  an  index  of  refraction  of  2.0  and  a  mem- 

brane  thickness  of  20  nm  is  used  as  the  protection 
layer  5. 

5  Ultraviolet  radiation  hardened  resin  belonging  to 
the  polyurethane  acrylate  family  is  used  as  the  over- 
coating  layer  6,  having  a  membrane  thickness  of 
5p.m.  This  ultraviolet  radiation  hardened  resin  is  hard- 
ened  by  irradiation  of  ultraviolet  radiation  light  from 

10  an  ultraviolet  radiation  light  irradiating  device  after 
being  coating  the  protection  layer  5  with  a  spin  coater 
for  example. 

Note  that  the  transparent  dielectric  layer  2,  the 
readout  layer  3,  the  memory  layer  4,  the  intermediate 

15  layer  7,  the  writing  layer  8,  and  the  protection  layer  5 
are  formed  by  sputtering  for  example:  the  transparent 
dielectric  layer  2  and  the  protection  layer  5  are 
formed  by  sputtering  Al  targets  with  N2  gas  atmos- 
phere  or  mixture  gas  atmosphere  of  Ar  gas  and  N2 

20  gas,  which  is  called  reactive  DC  sputtering.  The  read- 
out  layer  3,  the  memory  layer  4,  the  intermediate  lay- 
er  7,  and  the  writing  layer  8  are  formed  by  sputtering 
(1)  complex  targets  wherein  Gd  tips  or  Dy  tips  are 
aligned  on  FeCo  alloy  targets  or  (2)  alloy  targets  of 

25  GdFeCo,  DyFeCo  and  GdDyFeCo  with  Argas  atmos- 
phere. 

The  following  is  an  explanation  of  features  of  the 
above  described  magneto-optical  disk  of  this  embodi- 
ment  by  use  of  a  concrete  example  of  recording  and 

30  playback  of  information  with  respect  to  the  magneto- 
optical  disk. 

The  first  explanation  is  about  the  magnetic  prop- 
erty  of  the  magneto-optical  recording  disk  in  this  ar- 
rangement.  Figs.  7  and  8  show  the  results  of  meas- 

35  uring  the  hysteresis  property  of  the  readout  layer  3 
with  changing  temperatures.  The  figures  correspond 
to  conceptual  Fig.  3  and  Fig.  4  respectively.  Fig.  7 
shows  the  hysteresis  property  of  the  readout  layer  3 
at  the  room  temperature  (25°C),  showing  that  the 

40  Magnetic  Kerr  Rotating  Angle  9K  is  almost  0  when  ex- 
ternal  magnetic  field  Hex  is  0  at  room  temperatures 
as  already  described.  It  tells  that  the  readout  layer  3 
has  the  in-plane  magnetization.  Fig.  8  shows  the  hys- 
teresis  property  at  120°C,  showing  that  the  Magnetic 

45  Kerr  Rotating  Angle  9K  is  about  0.5  degrees  when  the 
external  magnetic  field  Hex  is  0  at  120°C.  It  tells  that 
the  magnetization  of  the  readout  layer  3  has  changed 
to  the  vertical  magnetization. 

That  fact  is  also  shown  by  the  following  measure- 
so  ment.  It  is  the  measurement  in  the  magneto-optical 

disk  of  the  embodiment  about  the  relationship  be- 
tween  the  amplitude  of  the  playback  signals  and  the 
playback-use  light  beam  intensity. 

An  optical  head  is  used  here  wherein  the  light 
55  beam  has  a  wave  length  of  780nm  and  an  objective 

lens  has  a  numerical  aperture  (N.A.)  of  0.55  which 
converges  the  light  beam  on  the  predetermined  por- 
tion  of  the  magneto-optical  disk.  First,  the  single  fre- 

5 
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quency  recording  bits  having  a  length  of  0.765nm  was 
recorded  at  a  rotation  speed  of  1800rpm  (the  linear 
speed  of  5m/s)  beforehand  on  a  land  formed  at 
26.5mm  far  from  the  center  of  the  magneto-optical 
disk.  This  was  recorded  as  follows:  The  memory  layer 
4  was  made  of  erased  condition  by  arranging  the 
magnetization  direction  of  the  memory  layer  4  in  one 
direction.  Afterwards,  a  direction  of  the  external  mag- 
netic  field  was  fixed  in  the  reverse  direction.  Then, 
the  bits  were  recorded  by  modulating  the  light  beam 
with  recording  frequency  (about  3.3  MHz)  corre- 
sponding  to  0.765  urn.  Intensity  of  the  recording  light 
beam  was  about  8mW.  The  next  described  magneto- 
optical  disk  was  used  as  a  comparative  disk. 

The  comparative  magneto-optical  disk  is  made 
by  laminating  an  AIN  layer  of  80nm,  with  a  magnetic 
layer  of  20nm  made  of  DyFeCo,  an  AIN  layer  of  25nm, 
an  AINi  layer  of  30nm,  and  the  overcoating  layer  6,  in 
that  order,  on  the  substrate  1.  That  is,  the  AIN  layer 
of  a  dielectric  layer  is  formed  on  both  sides  of  a  thin 
magnetic  layer  of  DyFeCo  (the  rare  earth-transition 
metal  alloy),  and  the  AINi  layer  of  a  reflecting  layer  is 
formed  on  it.  The  structure  is  called  reflecting  mem- 
brane  structure.  The  magnetic  layer  shows  the  vert- 
ical  magnetization  between  room  temperatures  and 
high  temperatures. 

The  recorded  bit  string  was  played  back  in  vari- 
ous  intensity  of  the  playback  light  beam.  Fig.  9  shows 
the  results  of  measurement  of  the  amplitude  of  the 
playback  signals.  The  horizontal  axis  is  intensity  of 
the  playback  light  beam,  and  the  vertical  axis  is  the 
amplitude  of  the  playback  signals.  The  amplitude  of 
playback  signals  was  measured  in  the  range  of  the  in- 
tensity  of  the  playback  light  beam  of  0.5mW  to  3mW 
and  was  normalized  with  the  amplitude  at  0.5mW. 
The  curve  Ashows  the  results  of  the  magneto-optical 
recording  disk  of  this  embodiment,  and  the  curve  B 
shows  the  results  in  the  comparative  magneto-opti- 
cal  recording  disk.  The  straight  line  C  passes  an  origin 
and  a  point  of  the  amplitude  at  0.5mW,  showing  pro- 
portional  relationship  between  the  playback  light 
beam  intensity  and  the  amplitude  of  the  playback  sig- 
nals.  The  relationship  is  as  follows: 

The  amplitude  of  the  playback  signals  is  in  pro- 
portion  to  both  the  amount  of  reflected  light  from  the 
recording  medium  and  the  Magnetic  Kerr  Rotating 
Angle  9K,  wherein  the  amount  of  reflected  light  from 
the  recording  medium  is  in  proportion  to  the  playback 
light  beam  intensity. 

As  shown  in  the  figure,  the  amplitude  of  playback 
signals  in  the  magneto-optical  recording  disk  in  the 
embodiment  increases  according  to  the  increase  of 
the  playback  light  beam  intensity  to  be  maximum  at 
2mW  to  2.25mW  and  is  above  the  straight  line  C.  It 
proves  that  the  amplitude  of  the  playback  signals  in- 
creases  more  than  increasing  of  the  playback  light 
beam  intensity,  that  is,  more  than  increasing  of  the 
amount  of  reflected  light  from  the  recording  medium. 

It  also  tells  that  the  Magnetic  Kerr  Rotating  Angle  9K 
is  almost  0  at  low  temperatures  but  changes  abruptly 
from  the  in-plane  magnetization  to  the  vertical  mag- 
netization  according  to  the  temperature  rising  due  to 

5  the  irradiation  of  the  playback  light  beam  in  the  read- 
out  layer  3. 

The  curve  B  indicating  the  amplitude  of  the  play- 
back  signals  in  the  comparative  magneto-optical  disk 
is  below  the  straight  line  C.  The  reason  is  as  follows: 

10  When  the  playback  light  beam  intensity  increases, 
the  temperature  of  the  magnetic  layer  increases  as 
well  as  the  amount  of  reflected  light  from  the  record- 
ing  medium.  Generally,  the  magnetization  of  the 
magnetic  layer  decreases  according  to  the  tempera- 

15  ture  rising  so  as  to  be  0  at  a  Curie  temperature.  There- 
fore,  in  the  comparative  magneto-optical  recording 
disk,  the  Magnetic  Kerr  Rotating  Angle  9K  decreases 
according  to  the  temperature  rising,  resulting  in  that 
the  curve  B  is  always  below  the  straight  line  C. 

20  Next,  it  is  explained  from  points  of  view  of  the  sig- 
nal  quality  C/N,  which  shows  the  quality  of  playback 
signals,  and  the  crosstalk  amount,  how  to  increase 
the  recording  density  in  magneto-optical  recording  by 
using  material  which  has  the  above  described  mag- 

25  netic  property  for  the  readout  layer  3. 
First,  the  relationship  between  a  length  of  the  re- 

cording  bit  and  the  signal  quality  C/N  in  playback  sig- 
nals  was  researched  by  recording  under  the  same 
condition  and  the  same  device  as  the  foregoing  case 

30  but  with  the  different  recording  frequency.  The  optical 
resolution  of  an  optical  head  is  shown  as  follows,  by 
a  length  of  the  recording  bit  as  a  standard  of  the 
measurement.  More  specifically,  a  cut  off  space  fre- 
quency  is  used  as  an  indicator  of  the  optical  resolu- 

35  tion  in  an  optical  head,  and  is  determined  by  both  the 
wave  length  of  a  light  beam  and  a  numerical  aperture 
N.A.  of  an  objective  lens.  For  example,  when  the 
wave  length  is  780nm  and  N.A.  is  0.55,  which  are  the 
values  of  the  optical  head  used  in  this  measurement, 

40  the  cut  off  space  frequency  is  calculated  and  convert- 
ed  to  the  length  of  recording  bit  as  below: 

780nm/(2x0.55)  12  =  0.355nm 
That  is,  the  optical  resolution  of  the  optical  head  in 
this  example  is  limited  so  as  to  have  a  recording  bit 

45  length  of  0.355nm. 
The  result  is  shown  in  Fig.  10.  The  curve  A  indi- 

cates  the  measurement  in  the  magneto-optical  disk  of 
this  embodiment  with  a  playback  light  beam  intensity 
of  2.25mW.  The  curve  B  indicates  the  measurement 

so  in  the  comparative  magneto-optical  disk  with  a  play- 
back  light  beam  intensity  of  1mW.  There  is  little  dif- 
ference  between  the  both  curves  in  a  recording  bit 
longer  than  0.6nm,  but  the  curve  A  is  above  the  curve 
B  in  a  recording  bit  shorter  than  0.6nm.  That  shows 

55  the  quality  of  playback  signals  in  the  magneto-optical 
disk  of  this  embodiment  is  good.  Especially,  it  is 
proved  that  the  magneto-optical  disk  of  this  embodi- 
ment  has  a  good  signal  quality  C/N  of  about  30  dB 

6 
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even  in  a  recording  bit  shorter  than  0.355nm,  which 
is  the  limit  of  the  optical  resolution. 

In  contrast,  in  the  comparative  magneto-optical 
recording  disk,  the  signal  quality  decreases  abruptly 
at  a  recording  bit  shorter  than  0.6nm.  This  is  because 
the  number  or  the  area  of  the  recording  bits  existing 
in  the  playback  light  beam  spot  increases  according 
to  decrease  of  length  of  the  recording  bit,  resulting  in 
that  each  recording  bit  cannot  be  distinguished.  More- 
over,  the  signal  quality  C/N  is  about  0  at  the  recording 
bit  length  of  0.355nm  which  is  the  limit  of  optical  re- 
solution. 

Therefore,  from  a  point  of  view  of  signal  quality  in 
the  magneto-optical  disk  of  this  embodiment,  a  re- 
cording  bitsmallerthan  an  optical  diffraction  limit  can 
be  played  back,  which  improves  the  recording  densi- 
ty- 

Next,  an  explanation  is  described  about  the 
measurement  of  the  relationship  between  the  record- 
ing  bit  length  and  the  crosstalk  amount. 

Generally,  in  a  land-type  magneto-optical  disk 
which  has  grooves  not  used  for  recording  and  has 
lands  used  for  recording,  guide  tracks  with  wide  lands 
and  narrow  grooves  are  provided.  The  crosstalk  oc- 
curs  because  information  played  back  from  both 
neighboring  lands  are  contaminated  when  playing 
back  information  from  an  arbitrary  land.  For  example, 
in  IS  10089  Standard,  it  is  required  that  the  crosstalk 
is  less  than  -26dB  fora  recording  bit  of  0.765nm  in  the 
guide  track  with  a  pitch  of  1  .6p.m.  Then,  the  crosstalk 
for  the  recording  bit  of  0.765nm  was  measured  by  us- 
ing  a  substrate  1  of  which  width  of  a  groove  was 
0.8p.m  and  width  of  a  land  was  0.8nm,  based  upon 
measuring  method  of  the  crosstalk  determined  in  the 
IS  10089  Standard. 

Fig.  11  shows  the  result  of  the  measurement.  In 
the  figure,  the  curve  A  indicates  the  measurement  of 
the  magneto-optical  disk  in  this  embodiment,  and  the 
curve  B  indicates  that  of  the  comparative  magneto- 
optical  disk.  The  crosstalkof  the  magneto-optical  disk 
of  this  embodiment  was  about  -30dB  and  this  value 
satisfies  the  IS  10089  Standard,  while  that  of  the 
comparative  magneto-optical  disk  was  about  -15dB 
and  this  value  did  not  satisfy  the  IS  10089  Standard. 
The  following  is  an  explanation  for  that. 

Recording  bits  73  are  provided  at  lands  71  and 
grooves  72  respectively  in  the  magneto-optical  re- 
cording  disk,  as  shown  in  Fig.  1  2.  When  recording  bits 
73  on  a  land  71  are  playing  back  and  the  playback 
light  beam  is  servo  controlled,  there  are  seven  re- 
cording  bits  73  in  a  spot  74  of  the  playback  light  beam, 
assuming  that  the  diameter  of  the  spot  74  is  1  .73nm 
(the  ary  disk  diameter:  1.22x780nm/0.55)  and  that, 
because  of  convenience  for  explanation,  a  diameter 
of  the  recording  bits  73  is  0.355nm. 

The  spot  74  has  a  portion  74a  around  the  center 
of  the  spot  74  and  a  surrounding  74b  of  the  portion 
74a:  the  former  is  hotter  than  the  latter.  In  the  mag- 

neto-optical  disk  of  this  embodiment,  the  magnetiza- 
tion  becomes  vertical  magnetization  only  in  a  record- 
ing  bit  73a  which  is  irradiated  by  the  portion  74a, 
while  the  magnetization  keeps  in-plane  magnetiza- 

5  tion  in  the  recording  bits  73  which  are  irradiated  by 
the  surroundings  74b.  Therefore,  only  the  recording 
bit  73a  is  played  back  even  though  there  are  more 
than  one  recording  bit  in  the  spot  74.  That  is  why  the 
crosstalk  amount  can  be  reduced  though  a  recording 

10  bit  73  is  smaller  than  the  spot  74. 
In  the  comparative  magneto-optical  recording 

disk,  all  recording  bits  73  irradiated  by  the  spot  74 
have  vertical  magnetization  and  show  the  Magnetic 
Kerr  Effect.  Therefore,  played  back  signals  from  the 

15  recording  bits  73  cannot  be  separated.  That  is  why 
the  crosstalk  amount  increases  in  the  recording  bits 
73  smaller  than  the  spot  74. 

This  measurement  proves,  from  a  point  of  view  of 
crosstalk,  that  the  recording  density  is  improved  in 

20  the  magneto-optical  recording  disk  of  this  embodi- 
ment  by  more  than  double  of  the  comparative  magne- 
to-optical  recording  disk. 

That  is,  the  measurement  proves,  from  points  of 
view  of  both  the  signal  quality  and  the  crosstalk,  that 

25  the  recording  density  is  improved  in  the  magneto-opt- 
ical  disk  of  this  embodiment  by  more  than  double  of 
the  comparative  magneto-optical  disk. 

Note  that  the  numerical  aperture  (N.A.)  of  the  ob- 
jective  lens  in  the  optical  head  is  0.55  and  wave 

30  length  of  the  light  beam  is  780nm  in  these  various 
measurement,  but  that  they  are  not  limited  to  such 
values.  By  using  N.A.  of  0.6  to  0.95  and  the  semicon- 
ductor  laser  beam  of  wave  length  of  670nm  to  680nm, 
the  Ar  laser  beam  of  wave  length  of  480nm,  and  the 

35  Second  Higher  Harmonics  Generating  Elements 
(SHG  Elements)  laser  beam  of  wave  length  of  335nm 
to  600nm,  the  spot  diameter  of  the  light  beam  can  be 
reduced,  resulting  in  that  the  recording  density  of  the 
magneto-optical  recording  disk  can  be  improved  fur- 

40  ther. 
The  next  explanation  is  about  that  the  magneto- 

optical  disk  of  this  embodiment  improves  the  record- 
ing  density  for  various  systems  to  guide  the  light 
beam  condensed  by  an  objective  lens  to  a  desired 

45  position  on  the  magneto-optical  disk. 
As  above  mentioned  systems,  the  following  are 

general:  (1  )  a  consecutive  servo  system,  wherein  spi- 
ral  or  concentric  guide  tracks  are  used;  and  (2)  a  sam- 
ple  servo  system,  wherein  spiral  or  concentric  bit 

so  rows  are  used. 
As  shown  in  Fig.  16  (a)  and  (b),  the  consecutive 

servo  type  magneto-optical  disk  is  usually  provided 
with,  for  example,  guide  tracks  with  a  pitch  d  of  1  .2p.m 
to  1  .6p.m  on  the  substrate  1  .  The  guide  track  includes 

55  the  grooves  82,  for  example,  with  width  of  0.2nm  to 
0.6nm  and  depth  of  X/(8n)  and  the  lands  81  with  the 
recording  bits  73.  Here,  X  is  the  wave  length  of  the 
light  beam  and  n  is  the  index  of  refraction  of  the  sub- 

7 
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strate  1.  However,  since  the  magneto-optical  record- 
ing  disk  of  this  embodiment  has  small  crosstalk 
amount  by  the  neighboring  recording  bits  73  in  the 
spot  74,  the  recording/playback  condition  is  still  good 
even  thoug  h  the  width  of  the  groove  82  is  set  to  0.  1 
to  0.4p.m  and  the  pitch  d  of  the  guide  track  is  set  to 
0.5nm  to  1  .2p.m.  Therefore,  the  recording  density  can 
be  increased. 

Similarly,  as  shown  in  Fig.  17  (a)  and  (b),  in  the 
case  where,  for  example,  (1)  the  pitch  of  a  guide  track 
is  0.8  pm  to  1  .6  pm,  both  width  of  the  grooves  84  and 
width  of  the  lands  83  being  the  same  and  (2)  both  the 
grooves  84  and  the  lands  83  have  the  recording  bits 
73  respectively,  the  recording/playback  condition  is 
still  good  and  the  recording  density  can  be  increased. 

Moreover,  as  shown  in  Fig.  18  (a)  and  (b),  in  case 
where  the  position  information  of  the  disk  is  obtained 
by  wobbling  grooves  88,  the  crosstalk  does  not  occur 
from  a  recording  bit  in  the  neighboring  grooves  88 
having  reverse  phase  of  wobbling  against  the  land  87 
in  the  magneto-optical  disk  of  this  embodiment. 
Therefore,  the  recording/playback  condition  is  still 
good  and  the  recording  density  can  be  increased. 

As  shown  in  Fig.  1  9,  sample  servo  type  magneto- 
optical  disk  usually  has  wobbled  bits  85  of  positive 
polarity  with  the  pitch  of  1.2nm  to  1.6nm  and  the 
depth  of  X/(4n)  on  the  substrate  1,  and  a  light  beam 
always  scans  on  the  alternate  long  and  short  dash 
line  in  the  figure.  However,  since  the  magneto-optical 
disk  of  this  embodiment  has  small  crosstalk  by  the 
neighboring  recording  bits  73  in  the  spot  74,  the  re- 
cording/playback  condition  is  still  good  even  though 
width  of  the  pitch  of  the  wobbled  bit  is  set  to  0.5nm  to 
1  .2pm.  Therefore,  the  recording  density  can  be  in- 
creased. 

Fig.  20  shows  a  magneto-optical  disk  which  has, 
for  example,  wobbled  bits  85  with  the  pitch  of  0.8nm 
to  1  .6pm  and  the  recording  bits  73  are  provided  on 
both  a  line  wherein  the  wobbled  bits  85  exist  in  the 
positive  polarity  and  a  line  wherein  the  wobbled  bits 
85  exist  in  the  negative  polarity.  When  the  light  beam 
is  irradiated  to  the  recording  bits  73  positioned  in  pos- 
itive  polarity,  the  surrounding  of  the  spot  74  include 
neighboring  recording  bits  73  positioned  in  negative 
polarity.  However,  in  such  case,  since  the  magneto- 
optical  disk  of  this  embodiment  has  small  crosstalk  by 
the  neighboring  recording  bits  73  in  the  spot  74,  the 
recording/playback  condition  is  still  good  and  the  re- 
cording  density  can  be  increased. 

Further,  for  example,  a  multibeam  type  optical 
pickup  with  plural  light  beams  may  be  used  for  record- 
ing  and  playback  of  the  magneto-optical  disk  of  this 
embodiment.  As  shown  in  Fig.  21  (a)  and  (b),  in  the 
optical  pickup,  positioning  of  the  light  beam  spots  is 
held  by  the  light  beams  74d  which  are  at  the  both  ends 
of  a  linear  row  of  the  plural  light  beams  scanning 
grooves  92,  while  the  light  beams  74e  positioned  be- 
tween  the  light  beams  74d  record  and  play  back  the 

recording  bits  73  provided  on  the  land  91.  However, 
since  the  magneto-optical  disk  in  this  embodiment 
has  small  crosstalk  by  the  neighboring  recording  bits 
73,  the  recording/playback  condition  is  still  good 

5  even  though  interval  of  the  light  beam  74e  orwidth  of 
the  land  91  is  set  narrow.  Therefore,  the  recording 
density  can  be  increased. 

The  following  is  an  explanation  about  recording 
method  of  the  magneto-optical  disk  in  this  embodi- 

10  ment.  The  magneto-optical  disk  makes  recording  by 
optical  modulation  overwriting. 

First,  as  shown  in  Fig.  22,  an  initializing  magnetic 
field  Hini  which  is  smaller  than  the  coercive  force  He 
of  the  memory  layer  4  at  room  temperatures  is  ap- 

is  plied  to  the  magneto-optical  recording  disk  in  this  em- 
bodiment,  so  the  magnetization  direction  of  the  writ- 
ing  layer  8  is  initialized  so  as  to  direct  in  one  direction, 
for  example,  upwards.  Nevertheless,  the  magnetiza- 
tion  of  the  memory  layer  4  does  not  turn  over  since 

20  the  coercive  force  He  of  the  memory  layer  4  is  greater 
than  the  initializing  magnetic  field  Hini. 

Next,  a  recording  magnetic  field  Hw  which  is 
enough  smaller  than  the  initializing  magnetic  field 
Hini  is  applied.  At  the  same  time,  the  light  beam  con- 

25  densed  by  the  objective  lens  55  and  modulated  at 
high  and  low  level  intensity,  is  irradiated  on  the  disk. 
Then,  information  is  recorded  on  the  desired  position 
of  the  memory  layer  4  as  follows. 

When  the  light  beam  modulated  at  high  level  in- 
30  tensity,  which  is  hereinafter  referred  to  as  high  level 

light  beam,  is  irradiated,  both  temperatures  of  the 
memory  layer  4  and  that  of  the  writing  layer  8  rise 
near  their  own  Curie  temperature  or  higher  tempera- 
ture  respectively.  Then,  each  magnetization  of  the 

35  layers  4  and  8  once  becomes  0.  Consequently,  the 
magnetization  of  the  writing  layer  8  turns  over  down- 
wards  by  the  recording  magnetic  field  Hw.  There  is 
coupling  force  exerted  between  the  writing  layer  8 
and  the  memory  layer  4  through  the  intermediate  lay- 

40  er  7.  When  the  cooling  process  begins  after  the  light 
beam  leaves,  the  magnetization  of  the  writing  layer  8 
is  copied  to  the  memory  layer  4  so  that  the  magneti- 
zation  direction  of  the  memory  layer  4  coincides  with 
that  of  the  writing  layer  8  by  the  coupling  force,  direct- 

45  ing  downwards. 
On  the  other  hand,  when  the  light  beam  modulat- 

ed  at  low  level  intensity,  which  is  hereinafter  referred 
to  as  low  level  light  beam,  is  irradiated,  the  tempera- 
ture  of  the  memory  layer  4  rises  to  near  its  Curie  tem- 

50  perature  or  higher  temperature,  but  the  temperature 
of  the  writing  layer  8  does  not  rise  to  near  its  Curie 
temperature.  Therefore,  though  the  magnetization  of 
the  memory  layer  4  once  becomes  0,  the  magnetiza- 
tion  of  the  writing  layer  8  does  not  change.  Conse- 

55  quently,  the  magnetization  of  the  writing  layer  8  does 
not  turn  over  by  the  recording  magnetic  field  Hw  but 
keeps  upwards.  When  the  cooling  process  begins  af- 
ter  the  light  beam  leaves,  the  magnetization  of  the 

8 
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writing  layer  8  is  copied  to  the  memory  layer  4  so  that 
the  magnetization  direction  of  the  memory  Iayer4  co- 
incides  with  the  magnetization  direction  of  the  writing 
layer  8  by  the  above  described  coupling  force,  direct- 
ing  upwards. 

That  is,  the  magnetization  direction  of  the  mem- 
ory  layer  4  can  be  changed  by  controlling  the  level  of 
light  beam.  In  this  way,  information  can  be  recorded 
at  a  desired  position  of  the  memory  layer  4. 

Meanwhile,  since  the  readout  layer  3  keeps  the 
in-plane  magnetization,  it  does  not  contribute  to  re- 
cording. 

By  the  way,  optical  modulation  overwrite  record- 
ing  is  carried  out  between  the  memory  Iayer4  and  the 
writing  layer  8.  However,  both  layers  4  and  8  show  the 
vertical  magnetic  anisotropy,  so  a  domain  wall  would 
occur  in  either  layer  and  recording  would  be  interrupt- 
ed  according  to  magnetic  condition  if  there  were  no 
measures  provided  in  order  to  prevent  a  domain  wall 
occurring.  Therefore,  the  magneto-optical  disk  of  this 
embodiment  is  provided  with  the  intermediate  layer  7 
which  shows  the  in-plane  magnetization  from  room 
temperatures  to  its  Curie  temperature.  At  this  time, 
since  the  intermediate  layer  7  forms  a  domain  wall, 
optical  modulation  overwrite  recording  is  carried  out 
without  obstacles. 

When  recorded  information  is  played  back,  the 
playback  light  beam  is  irradiated  to  the  readout  layer 
3  of  the  magneto-optical  disk  in  this  embodiment.  As 
already  described,  the  temperature  distribution  of  the 
irradiated  portion  shows  Gaussian  distribution  be- 
cause  the  intensity  distribution  of  the  playback  light 
beam  shows  Gaussian  distribution.  Therefore,  the 
temperature  rises  only  at  a  portion  smaller  than  the 
diameter  of  the  playback  light  beam  spot.  The  mag- 
netization  changes  from  the  in-plane  magnetization 
to  the  vertical  magnetization  at  the  portion  where  the 
temperature  rises  in  the  readout  layer  3  according  to 
the  temperature  rising.  At  this  time,  since  the  record- 
ing  magnetic  field  Hw  is  not  applied  or  is  applied 
enough  lower  than  the  coercive  force  He  of  the  mem- 
ory  layer  4,  the  magnetization  direction  is  copied 
from  the  portion  of  the  memory  layer  4  to  the  corre- 
sponding  portion  where  the  temperature  rises  in  the 
readout  Iayer3  by  the  coupling  force  exerted  between 
the  readout  layer  3  and  the  memory  layer  4.  There- 
fore,  the  magnetization  direction  of  the  readout  layer 
3  coincides  with  the  magnetization  direction  of  a  cor- 
responding  portion  of  the  memory  layer  4. 

Then,  the  recorded  information  in  the  memory 
layer  4  is  played  back,  based  on  the  reflected  light 
from  the  portion  where  the  temperature  rises  in  the 
readout  layer  3. 

When  the  next  recording  bit  is  played  back  with  a 
shift  of  playback  light  beam,  the  temperature  at  the 
portion  previously  irradiated  with  the  playback  light 
beam  falls,  and  the  magnetization  of  the  portion 
changes  from  the  vertical  magnetization  to  the  in- 

plane  magnetization.  Then,  the  magnetization  re- 
corded  at  the  portion  of  the  memory  layer  4  corre- 
sponding  to  the  portion  where  the  temperature  was 
high  in  the  readout  layer  3  is  masked  by  the  in-plane 

5  magnetization  of  the  readout  layer  3  so  as  not  to  be 
read  out,  thereby  preventing  entering  of  signals  from 
neighboring  recording  bits,  which  is  the  cause  of  gen- 
eration  of  a  noise,  i.e.,  crosstalk. 

Since  only  a  portion  having  a  temperature  higher 
10  than  the  predetermined  temperature  in  the  readout 

layer  3  contributes  to  playback  in  this  way,  a  recording 
bit  smaller  than  the  spot  diameter  can  be  played  back 
so  that  the  recording  density  improves  remarkably. 

The  feature  of  the  magneto-optical  disk  in  the 
15  embodiment  is  described  as  above,  but  the  structure 

of  the  magneto-optical  disk  is  not  limited  to  the  above 
structure.  The  following  is  description  about  required 
various  conditions  and  concrete  examples. 

The  readout  layer  3  is  not  limited  to 
20  Gdo.26(Fe0.82Co0.i8)o.74-  Materials  having  the  compen- 

sation  temperature  which  is  higherthan  room  temper- 
atures  and  showing  the  vertical  magnetization  near 
the  compensation  temperature  is  preferable  as  the 
readout  layer  3.  The  rare  earth-transition  metal  alloy 

25  is  preferable.  The  rare  earth-transition  metal  amor- 
phous  alloy  having  a  predetermined  composition 
range  has  a  compensation  temperature  where  the 
magnetization  of  the  the  rare  earth  metal  and  that  of 
the  transition  metal  balance.  Accordingly,  the  follow- 

30  ing  are  explanations  about  various  rare  earth- 
transition  metal  alloys  used  for  the  readout  layer  3. 

First,  the  following  is  an  explanation  about  the 
composition  dependency  of  both  a  Curie  temperature 
Tc  and  the  compensation  temperature  Tcomp  in 

35  Gdx(Fe0.82Co0.i8)i-x  with  reference  of  Fig.  13.  The 
compensation  temperature  Tcomp  is  the  temperature 
where  the  coercive  force  He  is  infinity,  while  a  Curie 
temperature  is  the  temperature  where  the  coercive 
force  He  is  0  and  the  magnetization  disappears. 

40  According  to  Fig.  13,  it  is  when  the  composition 
xsrj.18,  preferably  0.19<x<0.29  that  the  compensa- 
tion  temperature  Tcomp  is  over  a  room  temperature 
(25°C).  If  the  composition  x  is  in  the  range,  the  mag- 
netization  changes  from  the  in-plane  magnetization 

45  to  the  vertical  magnetization  in  the  readout  layer  3  in 
the  range  from  the  room  temperature  to  200°C.  If  the 
temperature  is  higher,  the  playback  light  beam  inten- 
sity  needs  to  be  strengthened  as  high  as  the  intensity 
of  the  recording  light  beam.  However,  such  strength- 

50  ening  is  not  desirable  because  it  causes  recording  to 
the  memory  layer  4. 

The  following  is  an  explanation  about  composi- 
tion  dependency  of  a  Curie  temperature  and  compen- 
sation  temperature  Tcomp  in  Gdx(Fe1.yCoy)1.x  with  ref- 

55  erence  of  Fig.  14  and  15. 
Fig.  14  shows  the  composition  dependency  of 

both  a  Curie  temperature  and  the  compensation  tem- 
perature  Tcomp  in  a  case  where  the  composition  ratio 

9 
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of  Co  y=0,  i.e.  Ga^Fe^x,  and  the  compensation  tem- 
perature  Tcomp  is  not  less  than  room  temperatures 
when  the  composition  ratio  of  Gd  0.24<x<0.35.  For 
example,  when  x=0.3,  the  Curie  temperature  Tc  is 
about  200°C  and  the  compensation  temperature 
Tcomp  is  about  120°C. 

Fig.  15  shows  the  composition  dependency  of 
both  a  Curie  temperature  and  the  compensation  tem- 
perature  Tcomp  in  a  case  where  the  composition  ratio 
of  Fe  (1-y)=0,  i.e.  GdxCo^x  and  the  compensation 
temperature  Tcomp  is  not  less  than  room  temperatures 
when  the  composition  ratio  of  Gd  0.20<x<0.35.  For 
example,  when  x=0.3,  the  Curie  temperature  Tc  is 
about  400°C  and  the  compensation  temperature 
Tcomp  is  about  220°C. 

These  measurements  indicate  the  Curie  temper- 
ature  and  the  compensation  temperature  Tcomp  in- 
crease  as  the  composition  ratio  of  Co  y  increases 
even  though  the  composition  ratio  of  Gd  x  is  constant. 

Generally,  signal  quality  C/N  is  higher  as  the 
Magnetic  Kerr  Rotating  Angle  9K  is  greater  during  the 
playback.  Therefore,  it  is  considered  that  a  higher 
Curie  temperature  has  more  advantages  in  the  read- 
out  layer  3.  However,  these  measurements  prove  that 
increase  of  the  composition  of  Co  y  also  causes  in- 
crease  of  the  temperature  where  the  magnetization 
changes  from  in-plane  magnetization  to  vertical 
magnetization.  Taking  it  into  consideration,  the  com- 
position  ratio  of  Co0.1<y0.5  in  Gdx(Fe1.yCoy)1.xis  de- 
sirable.  Additionally,  the  property  of  the  readout  layer 
3  is  influenced  by  condition  such  as  material,  compo- 
sition,  and  membrane  thickness  of  the  memory  layer 
4,  by  the  magnetic  coupling  force  exerted  between 
the  readout  layer  3  and  the  memory  layer  4.  There- 
fore,  it  is  desirable  that  the  conditions  of  readout  layer 
3,  such  as  the  composition,  and  the  membrane  thick- 
ness,  is  preferably  determined  according  to  the  con- 
ditions  of  the  memory  layer  4. 

Similarly,  the  compensation  temperature  Tcomp 
is  not  less  than  room  temperatures  when  the  compo- 
sition  ratio  of  Tb  0.20<x<0.30  in  Tbx(FeyCo1.y)1.x. 
(Here,  the  composition  ratio  of  Co  y  is  arbitrary.)  The 
compensation  temperature  Tcomp  is  not  less  than 
room  temperatures  when  the  composition  ratio  of  Dy 
0.24<x<0.33  in  Dyx(FeyCo1.y)1.x.  (Here,  the  composi- 
tion  ratio  of  Co  y  is  arbitrary.)  The  compensation  tem- 
perature  Tcomp  is  not  less  than  room  temperatures 
when  the  composition  ratio  of  Ho  0.25<x<0.45  in 
Hox(FeyCo1.y)1.x.  (Here,  the  composition  ratio  of  Fey 
is  arbitrary.) 

Meanwhile,  the  Magnetic  Kerr  Rotating  Angle  9K 
of  the  rare  earth-transition  metal  alloy  has  wave 
length  dependency  that  the  Magnetic  Kerr  Rotating 
Angle  9K  decreases  as  the  wave  length  of  light  beam 
becomes  shorter.  However,  adding  a  trace  of  at  least 
one  kind  of  metal  of  Nd,  Pr,  Pt,  and  Pd  to  the  above 
mentioned  respective  rare  earth-transition  metal  al- 
loys,  the  Magnetic  Kerr  Rotating  Angle  9K  is  still 

enough  great  without  loss  of  the  property  of  the  rare 
earth-transition  metal  alloy  even  in  case  where  the 
light  beam  wave  length  is  short.  Moreover,  adding  a 
trace  of  at  least  one  kind  of  metal  of  Cr,  V,  Nb,  Mn,  Be, 

5  and  Ni  to  the  respective  rare  earth-transition  metal  al- 
loys,  oxidation  of  the  rare  earth-transition  metal  alloy 
by  invasion  of  moisture  and  oxygen  can  be  reduced, 
resulting  in  that  environmental  capability  of  the  rare 
earth-transition  metal  alloy  is  improved. 

10  Similarly,  the  memory  Iayer4  is  not  limited  to  the 
above  described  DyFeCo.  Materials  having  a  Curie 
temperature  lower  than  that  of  the  writing  layer  8  and 
having  the  coercive  force  He  higher  than  both  the  co- 
ercive  force  of  the  writing  layer  8  and  an  initializing 

15  magnetic  field  Hini  described  later,  and  which  directs 
in  the  magnetization  direction  of  the  writing  layer  8  at 
high  temperatures  is  preferable  as  the  memory  layer 
4.  The  rare  earth-transition  metal  alloys,  such  as, 
TbFeCo,  GdTbFe,  Nd  DyFeCo,  Gd  DyFeCo,  and 

20  GdTbFeCo  are  preferable.  Moreover,  adding  a  trace 
of  at  least  one  kind  of  metal  of  Cr,  V,  Nb,  Mn,  Be,  and 
Ni  to  the  rare  earth-transition  metal  alloy,  environ- 
mental  capability  of  the  rare  earth-transition  metal  al- 
loy  is  improved,  as  already  described. 

25  Similarly,  the  intermediate  layer  7  is  not  limited 
to  the  above  described  GdFeCo.  Materials  having  a 
Curie  temperature  higher  than  that  of  the  memory  lay- 
er  4  and  where  the  magnetization  is  in-plane  from 
room  temperatures  to  its  Curie  temperature  is  prefer- 

30  able  as  the  intermediate  layer  7.  The  rare  earth- 
transition  metal  alloys,  such  as,  TbFeCo,  GdTbFe, 
GdCo,  NdDyFeCo,  GdDyFeCo,  and  GdTbFeCo  are 
preferable.  Moreover,  adding  a  trace  of  at  least  one 
kind  of  metal  of  Cr,  V,  Nb,  Mn,  Be,  and  Ni  to  the  rare 

35  earth  element-transition  metal  alloys,  environmental 
capability  of  the  rare  earth-transition  metal  alloy  is 
improved,  as  already  described. 

Similarly,  the  writing  layer  8  is  not  limited  to  the 
above  described  GdDyFeCo.  Materials  having  a  Cur- 

40  ie  temperature  higher  than  that  of  the  memory  layer 
4  and  having  the  coercive  force  He  of  which  is  lower 
than  both  the  coercive  force  of  the  memory  layer  4 
and  the  initializing  magnetic  field  Hini,  described  later, 
are  preferable  as  the  writing  layer  8.  The  rare  earth- 

45  transition  metal  alloys,  such  as  TbFeCo,  GdTbFe, 
NdDyFeCo,  DyFeCo,  and  GdTbFeCo  are  preferable. 
Moreover,  adding  a  trace  of  at  least  one  kind  of  metal 
of  Cr,  V,  Nb,  Mn,  Be,  and  Ni  to  the  respective  rare 
earth  element-transition  metal  alloys,  environmental 

so  capability  of  the  rare  earth-transition  metal  alloy  is 
improved,  as  already  described. 

The  membrane  thickness  of  the  readout  layer  3 
is  not  limited  to  50nm.  The  membrane  thickness  of 
20nm  to  1  0Onm  is  desirable,  and  the  membrane  thick- 

55  er  than  50nm  is  more  desirable.  It  is  not  desirable  that 
the  membrane  of  the  readout  layer  3  is  thinner  than 
20nm,  because  it  reduces  the  mask  effect  to  the 
memory  layer  4  by  the  in-plane  magnetization  of  the 

10 
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readout  layer  3.  It  is  not  desirable  either  that  the  mem- 
brane  of  the  readout  layer  3  is  thicker  than  100nm  be- 
cause  it  makes  transcription  of  information  from  the 
memory  layer  4  difficult. 

The  membrane  thickness  of  the  memory  layer  4 
is  not  limited  to  50nm,  and  the  membrane  thickness 
of  20nm  to  100nm  is  desirable. 

The  index  of  refraction  of  the  transparent  dielec- 
tric  layer  2,  which  can  be  changed  by  changing  pres- 
sure  of  gas  atmosphere  during  sputtering  and  chang- 
ing  such  as  mixing  rate  of  Ar  gas  and  N2  gas,  is  pre- 
ferably  1.8  to  2.1. 

The  membrane  thickness  of  the  transparent  di- 
electric  layer  2  is  not  limited  to  80nm,  but  is  preferably 
set  according  to  such  as  its  index  of  refraction  and  the 
playback  light  beam  wave  length.  The  membrane  of 
the  transparent  dielectric  layer  2  is  determined,  con- 
sidering  so-called  Kerr  effect  enhancement  which  in- 
creases  the  Magnetic  Kerr  Rotating  Angle  9K  by  the 
interference  effect  of  the  light  beam.  Generally,  the 
Magnetic  Kerr  Rotating  Angle  9K  is  preferably  set  in 
order  to  increase  signal  quality  C/N  during  the  play- 
back.  For  example,  the  membrane  thickness  of  the 
transparentdielectriclayer2  is  preferably  set  to  30nm 
to  120nmfor  playback  light  beam  of  780nm,  more  pre- 
ferably  to  70nm  to  100nm.  The  thickness  of  the  trans- 
parent  dielectric  layer  2  is  preferably  set  about  half  of 
the  above  described  thickness  for  the  playback  light 
beam  of  400nm.  Moreover,  in  case  that  material  or  in- 
dex  of  refraction  of  the  transparent  dielectric  layer  2 
is  different,  the  membrane  thickness  is  so  set  that 
light  path  length  which  is  the  product  of  the  index  of 
refraction  and  the  membrane  thickness  (for  example, 
it  is  160nm  when  the  index  of  refraction  is  2.0  and  the 
membrane  thickness  is  80nm)  may  be  equal  to  the 
above  described  membrane  thickness.  Note  that  the 
membrane  thickness  can  be  made  thinner  as  greater 
index  of  refraction  is  used,  and  Kerr  effect  enhance- 
ment  can  be  greater. 

The  thickness  of  the  protection  layer  5  is  not  lim- 
ited  to  20nm  and  can  be  set  in  a  range  of  1nm  to 
200nm.  Since  both  heat  conductivity  and  thermal  ca- 
pacities  (specific  heat)  of  the  respective  protection 
layer  5  and  the  transparent  dielectric  Iayer2  influence 
the  recording  sensitivity  of  the  memory  layer  4,  it  is 
preferable  to  make  the  membrane  thickness  of  the 
protection  layer  5  thin  for  example,  in  order  to  in- 
crease  the  recording  sensitivity. 

The  transparent  dielectric  layer  2  and  the  protec- 
tion  layer  5  is  not  limited  to  the  above  described  AIN, 
but,  for  example,  Sin,  AISiN,  AITaN,  SiAION,  TiN, 
TiON,  BN,  ZnS,  Ti02,  BaTi03,  SrTi03,  and  so  on  are 
desirable.  If  the  same  material  is  used  for  the  trans- 
parent  dielectric  layer  2  and  the  protection  layer  5, 
productivity  of  the  magneto-optical  disk  can  be  im- 
proved. 

Similarly,  the  substrate  1  is  not  limited  to  the 
above  described  glass,  but,  for  example,  chemically 

tempered  glass,  glass  with  2P  layers  on  which  glass 
an  ultraviolet  radiation  hardened  resin  layer  is 
formed,  polycarbonate(PC),  polymethylmethacryn- 
ate(PMMA),  amorphous  polyolefin(APO),  polystyr- 

5  ene(PS),  polyvinylchloride(PVC),  and  epoxy  resin 
may  be  used.  If  chemically  tempered  glass  is  used  as 
a  material  for  the  substrate  1,  reliability  of  the  mag- 
neto-optical  recording  disk  is  improved  because  of 
the  following  advantages:  (a)  The  glass  is  hard  to  be 

10  scratched  and  to  crack  due  to  its  hardness;  (b)  It  is 
chemically  stable  and  insoluble  to  various  solvents; 
(c)  It  is  hard  to  adhere  dusts  to  the  substrate  because 
it  is  hard  to  be  charged;  (d)  It  is  excellent  in  mechan- 
ical  property  such  as  face  vibration,  eccentricity, 

15  warping,  and  inclination,  and  also  excellent  in  humid- 
ity  resistance,  oxidation  resistance,  and  heat  resis- 
tance.  Thus,  reliability  of  the  magneto-optical  disk 
can  be  improved.  Moreover,  if  the  chemically  hard- 
ened  glass  is  used,  high  signal  quality  C/N  can  be 

20  achieved  due  to  its  excellent  optical  property.  Addi- 
tionally,  reactive  dry  etching  method  is  used  for  ex- 
ample,  in  order  to  form  guide  tracks  for  guiding  a  light 
beam  and  to  form  pre-pits  on  the  chemically  rein- 
forced  glass  in  advance.  In  order  to  form  them  on  the 

25  glass  with  2P  layers,  a  stamper  is  stacked  on  an  ul- 
traviolet  radiation  hardened  resin  layer,  and  after 
that,  the  layer  is  hardened  by  irradiation  of  ultraviolet 
ray.  When  the  above  described  various  plastics  are 
used  as  the  substrate  1,  the  productivity  is  improved 

30  because  injection  molding  is  permitted  and  mass  pro- 
duction  of  the  same  substrate  is  enabled. 

The  material  used  in  the  substrate  1  is  not  limited 
to  the  above  described  material  provided  that  the  fol- 
lowing  various  optical  and  mechanical  properties  are 

35  satisfied:  (a)  the  index  of  refraction  is  1  .44  to  1  .62;  (b) 
birefringence  (Reciprocating  birefringence  measured 
by  parallel  light)  is  less  than  100nm;  (c)  permeability 
is  more  than  90%;  (d)  dispersion  in  thickness  is  + 
0.1mm;  (e)  inclination  is  less  than  10mrad,  preferably 

40  less  than  5mrad;  (f)  face  vibration  acceleration  is  less 
than  10m/s2;  and  (g)  radial  direction  acceleration  is 
less  than  3m/s2. 

Furthermore,  the  above  described  various  re- 
cordings  can  be  adapted  to  the  following  magneto- 

45  optical  recording  disks:  (a)  a  disk  with  a  hard  coating 
layer  laminated  on  the  front  surface  of  the  overcoat- 
ing  layer  6;  (b)  a  disk  with  hard  coating  layers  lamin- 
ated  both  on  the  rear  surface  (the  surface  irradiated 
by  the  light  beam)  of  the  substrate  1  and  on  the  front 

so  surface  of  the  overcoating  layer  6;  (c)  a  disk  with  a 
charge  preventing  layer  laminated  on  the  hard  coat- 
ing  layers  formed  in  the  above  (a)  and  (b);  and  (d)  a 
disk  with  a  moisture  penetration  preventing  layer 
laminated  on  the  rear  surface  of  the  substrate  1  and 

55  with  an  additional  overcoating  layer  laminated  there- 
on. 

The  hard  coating  layer  of  the  above  described 
structure  (a)  is  made  of  acrylate  family  of  ultraviolet 

11 
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radiation  hardened  resin  with  a  membrane  thickness 
of  3p.m  for  example,  exceeding  in  hardness  and  abra- 
sion  resistance.  Therefore,  the  hard  coating  layer 
makes  the  disk  harder  to  be  damaged.  It  is  also  pos- 
sible  to  add  the  hard  coating  function  to  the  overcoat- 
ing  layer  6  instead  of  providing  the  hard  coating  layer, 
resulting  in  that  the  overcoating  layer  6  and  the  hard 
coating  layer  become  one  layer.  Since  the  magneto- 
optical  disk  of  the  above  described  structure  (b)  is 
provided  with  another  hard  coating  layer  on  the  rear 
surface  of  the  substrate  1  of  the  magneto-optical  disk 
of  the  above  described  structure  (a),  the  hard  coating 
layer  makes  the  disk  much  harder  to  be  damaged. 

The  charge  preventing  layer  of  the  above  descri- 
bed  structure  (c)  is  made  of  acryl  family  of  hard  coat 
resin  of  membrane  thickness  of  2p.m  to  3p.m  with  con- 
ductance  filler  included  for  example,  thereby  reduc- 
ing  the  superficial  resistivity.  The  charge  preventing 
layer  makes  dust  hard  to  adhere  to  the  disk.  It  is  also 
possible  to  add  charge  preventing  function  to  the 
hard  coating  layer  instead  of  providing  with  the  sep- 
arate  charge  preventing  layer,  resulting  in  that  the 
charge  preventing  layer  and  the  hard  coating  layer 
become  one  layer. 

The  moisture  penetration  preventing  layer  of  the 
above  described  structure  (d)  is  made  of  the  same 
material  as  that  of  the  transparent  dielectric  layer  2, 
and  with  a  membrane  thickness  of  Snm  for  example. 
The  additional  overcoating  layer  is  made  of  the  same 
material  as  that  of  the  overcoating  layer  6.  The  mois- 
ture  preventing  layerreduces  moisture  penetration  to 
the  substrate  1,  thereby  reducing  the  warping  of  the 
magneto-optical  recording  disk  due  to  the  change  of 
humidity.  It  is  also  possible  to  add  hard  coating  func- 
tion  and  charge  preventing  function  to  the  additional 
overcoating  layer. 

As  shown  in  Fig.  23,  the  foregoing  explanation 
was  for  a  so-called  one-side  magneto-optical  record- 
ing  disk  which  is  provided  with  the  substrate  1  ,  the  re- 
cording  medium  layer  30  (which  is  composed  of  the 
transparent  dielectric  layer  2,  the  readout  layer  3,  the 
memory  layer  4,  the  intermediate  layer  7,  the  writing 
layer  8,  and  the  protection  layer  5),  and  the  overcoat- 
ing  layer  6  laminated  in  this  order.  However,  the  ex- 
planation  can  also  be  adapted  to  a  so-called  both- 
side  magneto-optical  recording  disk,  which  is  provid- 
ed,  as  shown  in  Fig.  24,  with  the  substrate  1,  the  re- 
cording  medium  layer  30,  a  bonding  layer  31,  the  re- 
cording  medium  layer  30,  and  the  substrate  1  lamin- 
ated  in  this  order.  Here,  each  layer  which  forms  the 
recording  medium  layer  30  is  arranged  symmetrically 
for  the  bonding  layer  31. 

The  bonding  layer  31  is  adhesives  of  polyur- 
ethane  acrylate  family  for  example  and  has  moisture 
resistance.  A  both  side  magneto-optical  recording 
disk  makes  it  possible  to  record  and  play  back  infor- 
mation  of  still  higher  density. 

The  following  is  an  explanation  about  a  second 

embodiment  of  the  present  invention  with  reference 
to  Fig.  1.  The  magneto-optical  recording  disk  in  this 
embodiment  is  provided  with  an  intermediate  layer  17 
described  later,  instead  of  the  intermediate  layer  7, 

5  differing  from  the  magneto-optical  recording  disk  in 
the  first  embodiment,  but  the  same  at  other  points  to 
the  first  embodiment. 

For  example,  Gdo.26(Fe0.9oCo0.io)o.74  is  used  as 
the  intermediate  layer  17,  and  its  membrane  thick- 

10  ness  is  40nm  and  its  Curie  temperature  Tc  is  about 
250°C.  Materials  having  the  Curie  temperature  higher 
than  that  of  the  memory  layer  4  and  having  the  in-pla- 
ne  magnetization  at  room  temperatures  while  change 
from  the  in-plane  magnetization  to  the  vertical  mag- 

15  netization  according  to  the  temperature  rising  are 
preferable  as  the  intermediate  layer  1  7.  As  well  as  the 
above  described  GdFeCo,  the  rare  earth-transition 
metal  alloys  such  as  TbFeCo,  GdTbFe,  GdCo,  NdDy- 
FeCo,  GdDyFeCo,  and  GdTbFeCo  are  preferable. 

20  Moreover,  adding  a  trace  of  at  least  one  kind  of  metal 
of  Cr,  V,  Nb,  Mn,  Be,  and  Ni  to  the  respective  rare 
earth-transition  metal  alloy,  environmental  capability 
of  the  rare  earth-transition  metal  alloy  is  improved 
similarly  to  the  first  embodiment. 

25  Since  the  structure,  the  membrane  thickness, 
and  various  properties  of  each  layer  of  the  substrate 
1  ,  the  transparent  dielectric  layer  2,  the  readout  layer 
3,  the  memory  layer  4,  the  writing  layer  8,  the  protec- 
tion  layer  5,  and  the  overcoating  layer  6  are  the  same 

30  as  respective  corresponding  layers  in  the  magneto- 
optical  recording  disk  in  the  first  embodiment,  de- 
tailed  explanation  about  them  are  omitted.  Similarly, 
since  the  mechanism  for  recording  and  playback  by 
the  optical  modulation  overwriting  is  also  the  same, 

35  the  detailed  explanation  is  omitted. 
Since  both  the  memory  layer  4  and  the  writing 

layer  8  show  the  vertical  magnetic  anisotropy  simi- 
larly  to  the  first  embodiment,  a  domain  wall  would  oc- 
cur  in  one  of  the  layers  according  to  the  magnetic 

40  condition  if  there  were  no  measures  in  order  to  pre- 
vent  the  domain  wall  from  occurring.  However,  the 
magneto-optical  disk  in  this  embodiment  is  provided 
with  the  intermediate  layer  1  7  which  shows  the  in-pla- 
ne  magnetization  at  room  temperatures  while 

45  changes  to  the  vertical  magnetization  according  to 
the  temperature  rising  between  the  memory  layer  4 
and  the  writing  layer  8.  Therefore,  the  intermediate 
layer  17  forms  a  domain  wall  at  room  temperatures. 
That  makes  it  possible  to  initialize  the  writing  layer  8 

so  with  a  low  initializing  magnetic  field  Hini.  Meanwhile, 
since  the  intermediate  layer  17  changes  from  the  in- 
plane  magnetization  to  the  vertical  magnetization  at 
high  temperatures,  the  coupling  force  exerted  be- 
tween  the  writing  layer  8  and  the  memory  layer  4 

55  grows  greater  in  the  cooling  process.  That  makes  it 
easy  to  copy  the  magnetization  direction  of  the  writ- 
ing  layer  8  to  the  memory  layer  4.  Therefore,  the  opt- 
ical  overwriting  recording  is  carried  out  without  obsta- 

12 
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cles. 
In  the  two  embodiments  of  the  present  invention, 

explanation  is  held  about  a  magneto-optical  record- 
ing  disk  for  a  magneto-optical  recording  medium. 
However,  the  invention  is  not  limited  to  it,  but  can  be  5 
adopted  to  other  magneto-optical  media  such  as  a 
magneto-optical  tape,  and  a  magneto-optical  card. 

The  invention  being  thus  described,  it  may  be  ob- 
vious  that  the  same  may  be  varies  in  many  ways. 
Such  variations  are  not  to  be  regarded  as  a  departure  10 
from  the  scope  of  the  invention. 

Claims 
15 

1.  A  magneto-optical  recording  medium  comprising: 
a  readout  layerwhich  shows  in-plane  mag- 

netization  at  room  temperature  and  in  which  a 
change  occurs  from  in-plane  magnetization  to 
vertical  magnetization  when  temperature  is  not  20 
less  than  a  predetermined  temperature; 

a  memory  layer,  provided  on  one  side  of 
the  readout  layer,  for  recording  thereon  informa- 
tion  magneto-optically; 

an  intermediate  layer,  formed  on  a  side  of  25 
the  memory  layer,  this  side  being  opposite  to  a 
side  provided  with  the  readout  layer,  and  having 
in-plane  magnetization  from  room  temperature 
to  its  Curie  temperature;  and 

an  writing  layer,  having  a  Curie  tempera-  30 
ture  higher  than  that  of  the  memory  layer,  and 
having  a  coercive  force  lower  than  coercive  force 
of  the  memory  layer  at  the  room  temperature, 
formed  on  a  side  of  the  intermediate  layer,  this 
side  being  opposite  to  a  side  provided  with  the  35 
memory  layer. 

2.  The  magneto-optical  recording  medium  accord- 
ing  to  claim  1  ,  wherein  the  readout  layer  includes 
a  rare  earth-transition  metal  alloy.  40 

3.  The  magneto-optical  recording  medium  accord- 
ing  to  claim  2,  wherein  the  rare  earth-transition 
metal  alloy  includes  a  Gdx(Fe1.yCoy)1.x,  where 
the  relations  0.20  <  x  <  0.35  and  0.1  <  y  <  0.5  are  45 
satisfied. 

4.  The  magneto-optical  recording  medium  accord- 
ing  to  claim  2,  wherein  the  rare  earth-transition 
metal  alloy  includes  a  Tbx(FeyCo1.  y)̂ .x,  where  the  50 
relation  0.20  <  x  <  0.30  is  satisfied. 

5.  The  magneto-optical  recording  medium  accord- 
ing  to  claim  2,  wherein  the  rare  earth-transition 
metal  alloy  includes  a  Dyx(FeyCo1.y)1.x,  where  55 
the  relation  0.24  <  x  <  0.33  is  satisfied. 

ing  to  claim  2,  wherein  the  rare  earth-transition 
metal  alloy  includes  a  Ho^FeyCo^y)^,;,  where 
the  relation  0.25  <  x  <  0.45  is  satisfied. 

7.  The  magneto-optical  recording  medium  accord- 
ing  to  claim  2,  wherein  the  rare  earth-transition 
metal  alloy  includes  a  Gdo.26(Fe0.82Co0.i8)o.74- 

8.  The  magneto-optical  recording  medium  accord- 
ing  to  claim  1  ,  wherein  the  memory  layer  includes 
a  DyFeCo. 

9.  The  magneto-optical  recording  medium  accord- 
ing  to  claim  1,  wherein  the  writing  layer  includes 
a  GdDyFeCo. 

10.  The  magneto-optical  recording  medium  accord- 
ing  to  claim  1,  wherein  the  intermediate  layer  in- 
cludes  a  GdFeCo. 

11.  A  magneto-optical  recording  medium  comprising: 
a  readout  layerwhich  shows  an  in-plane  magne- 
tization  at  the  room  temperature  and  an  vertical 
magnetization  when  temperature  is  not  less  than 
a  predetermined  temperature; 

a  memory  layer,  provided  on  one  side  of 
the  readout  layer,  for  recording  of  information 
magneto-optically; 

an  intermediate  layer,  formed  on  a  side  of 
the  memory  layer,  this  side  being  opposite  to  a 
side  provided  with  the  readout  layer,  and  having 
in-plane  magnetization  at  room  temperature  and 
vertical  magnetization  according  to  its  tempera- 
ture  rising;  and 

an  writing  layerwhich  has  a  Curie  temper- 
ature  higher  than  that  of  the  memory  layer  and 
has  a  coercive  force  lower  than  a  coercive  force 
of  the  memory  layerat  room  temperature,  formed 
on  a  side  of  the  intermediate  layer,  this  side  being 
opposite  to  a  side  provided  with  the  memory  lay- 
er. 

12.  The  magneto-optical  recording  medium  accord- 
ing  to  claim  11,  wherein  the  readout  layer  in- 
cludes  a  rare  earth-transition  metal  alloy. 

13.  The  magneto-optical  recording  medium  accord- 
ing  to  claim  12,  wherein  the  rare  earth-transition 
metal  alloy  includes  a  Gd^Fe^yCOy)^,;,  where 
the  relations  0.20  <  x  <  0.35  and  0.1  <  y  <  0.5  are 
satisfied. 

14.  The  magneto-optical  recording  medium  accord- 
ing  to  claim  12,  wherein  the  rare  earth-transition 
metal  alloy  includes  a  Tbx(FeyCo.|_y).|_  x,  where  the 
relation  0.20  <  x  <  0.30  is  satisfied. 

6.  The  magneto-optical  recording  medium  accord- 

13 

15.  The  magneto-optical  recording  medium  accord- 
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ing  to  claim  12,  wherein  the  rare  earth-transition 
metal  alloy  includes  a  Dyx(FeyCo1.y)1.x,  where 
the  relation  0.24  <  x  <  0.33  is  satisfied. 

16.  The  magneto-optical  recording  medium  accord-  5 
ing  to  claim  12,  wherein  the  rare  earth-transition 
metal  alloy  includes  a  Hox(FeyCo.|_y).|_x,  where 
the  relation  0.25  <  x  <  0.45  is  satisfied. 

17.  The  magneto-optical  recording  medium  accord-  10 
ing  to  claim  12,  wherein  the  rare  earth-transition 
metal  alloy  includes  a  Gdo.26(Fe0.82Co0.i8)o.74- 

18.  The  magneto-optical  recording  medium  accord- 
ing  to  claim  11,  wherein  the  memory  layer  in-  15 
eludes  a  DyFeCo. 

19.  The  magneto-optical  recording  medium  accord- 
ing  to  claim  11,  wherein  the  writing  layer  includes 
a  GdDyFeCo.  20 

20.  The  magneto-optical  recording  medium  accord- 
ing  to  claim  11  ,  wherein  the  intermediate  layer  in- 
cludes  a  GdFeCo. 
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