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Description 

BACKGROUND  OF  THE  INVENTION 

This  invention  relates  to  magneto-optical  (or  ther- 
mo-magnetic)  recording  medium  comprising  a  three- 
layered  magnetic  film  in  accordance  with  the  prechar- 
acterizing  portion  of  the  claim.  Such  a  magneto-optical 
recording  medium  is  known  from  EP-A-0  352  548. 

In  general,  thermo-magnetic  (or  magneto-optical) 
recording  of  information  on  a  recording  medium  de- 
signed  for  reading  the  information  bits  (magnetic  do- 
mains)  through  a  magneto-optical  interaction  is  carried 
out  as  follows.  The  recording  medium,  having  a  mag- 
netic  thin  film  capable  of  perpendicular  magnetization, 
is  preliminarily  subjected  to  a  so-called  initializing  treat- 
ment,  namely,  a  treatment  for  aligning  the  magnetization 
directions  into  one  sense  perpendicular  to  the  film  plane. 
Thereafter,  the  magnetic  thin  film  is  locally  heated  by 
irradiation  with  a  laser  beam  or  other  means  to  form 
magnetic  domains  which  have  a  perpendicular  magnet- 
ization  in  the  opposite  sense  to  the  initialized  magneti- 
zation  direction,  whereby  information  is  recorded  as 
two-valued  information  bits. 

In  the  thermo-magnetic  recording  method  as 
above,  rewriting  of  information  must  be  preceded  by  a 
process  for  erasing  recorded  information,  which  proc- 
ess  corresponds  to  the  aforementioned  initialization. 
According  to  the  method,  therefore,  a  certain  period  of 
time  for  erasing  is  needed  prior  to  rewriting,  and  it  is  im- 
possible  to  record  information  at  a  high  transfer  rate.  To 
overcome  this  problem,  there  have  been  proposed  a  va- 
riety  of  methods  based  on  the  so-called  overwrite  sys- 
tem  which  does  not  need  time  for  such  an  independent 
erasing  process.  Some  of  the  thermo-magnetic  record- 
ing  methods  based  on  the  overwrite  system  are  regard- 
ed  as  promising.  For  example,  a  method  in  which  a  mod- 
ulated  magnetic  field  is  externally  applied  to  the  record- 
ing  medium  (external  field  modulation  method)  and  a 
method  in  which  an  erasing  head  is  used  in  addition  to 
a  recording  head  (two-head  method)  have  been  known. 

According  to  the  external  field  modulation  method, 
as  for  instance  disclosed  in  Japanese  Patent  Applica- 
tion  Laid-Open  (KOKAI)  No.  60-48806  (1985),  a  record- 
ing  medium  comprising  an  amorphous  ferrimagnetic 
thin  film  having  an  easy  axis  of  magnetization  perpen- 
dicular  to  the  film  plane  is  irradiated  with  a  heating  beam, 
and  a  magnetic  field  with  a  polarity  corresponding  to  the 
condition  of  an  input  digital  signal  current  is  applied  to 
the  irradiated  region  of  the  recording  medium,  thereby 
recording. 

This  type  of  magneto-optical  recording  media  gen- 
erally  comprise  a  light-transmitting  substrate  formed  of 
polycarbonate  or  the  like,  a  dielectric  layer  provided  on 
the  substrate,  a  magnetic  layer  formed  on  the  dielectric 
layer,  and  a  protective  layer  or  the  like  provided  on  the 
magnetic  layer.  The  recording  medium  is  irradiated  with 
a  reading  light  from  the  transparent  substrate  side,  so 

as  to  read  the  magnetization  of  each  magnetic  domain 
in  the  irradiated  area  by  utilizing  the  Kerr  effect.  An  alu- 
minum  (Al)  layer  may  be  provided  between  the  magnetic 
layer  and  the  protective  layer,  either  as  a  film  for  reflect- 

5  ing  the  reading  light  or  in  order  to  enhance  the  Kerr  ef- 
fect. 

However,  there  has  been  a  tendency  not  to  provide 
such  aluminum  (Al)  layer  in  a  magneto-optical  recording 
medium  having  a  perpendicular  magnetization  film  as  a 

10  magnetic  layer  for  magneto-optical  recording  and  de- 
signed  for  reading  of  recorded  information  through  the 
Kerr  effect  on  the  reflection  at  the  film  itself,  or  in  a  mag- 
neto-optical  recording  medium  in  which  the  thickness  of 
a  magnetic  layer  for  magneto-optical  recording  is  large, 

is  as  in  light  intensity  modulation  overwrite  type  recording 
media,  orthe  like.  The  reason  is  that  the  aluminum  layer, 
if  provided,  would  produce  a  heat-radiating  effect  to 
thereby  lead  to  a  lowered  recording  density.  The  mag- 
neto-optical  recording  media  which  are  not  provided 

20  with  such  aluminum  layer,  on  the  other  hand,  may  suffer 
the  problem  of  corrosion  (pitting)  of  the  magnetic  layer 
due  to  erosion  from  the  protective  layer  side. 

In  order  to  solve  the  above-mentioned  problems, 
the  present  inventors  have  previously  proposed  a  mag- 

25  neto-optical  recording  medium  in  which  a  protective  lay- 
er  on  a  magnetic  layer  for  magneto-optical  recording,  i. 
e.  magneto-optical  recording  layer,  is  covered  by  a  resin 
protective  layer,  with  a  2,5  to  20  nm  (25  to  200  A)  thick 
aluminum  thin  film  interposed  therebetween,  in  Unex- 

30  amined  Japanese  Patent  Publication  HEI  3-86947.  One 
example  of  the  magneto-optical  recording  medium  is 
shown,  in  schematic  enlarged  section,  in  Figure  8.  As 
shown  in  the  figure,  the  magneto-optical  recording  me- 
dium  comprises  a  light-transmitting  substrate  1  formed 

35  of  polycarbonate  or  the  like  on  which  a  dielectric  layer 
2  of  Si3N4  or  the  like,  a  magneto-optical  recording  film 
13  formed  of  TbFeCo  or  the  like  corresponding  to  the 
aforementioned  stacked  film,  and,  further,  a  protective 
film  16  composed,  for  instance,  of  a  Si3N4  or  other  die- 

40  lectric  layer,  an  aluminum  (Al)  thin  film  17  and  a  resin 
protective  film  18,  e.g.  a  UV-curable  resin  layer,  are 
stacked. 

Thus,  the  Al  thin  film  17  with  2,5-20  nm  (25-200  A) 
thickness  is  provided  between  the  protective  film  1  6  and 

45  the  resin  protective  film  1  8,  so  as  to  obviate  the  erosion 
from  the  side  of  the  resin  protective  film  18  and  to  pre- 
vent  the  lowering  of  S/N,  thereby  ensuring  an  enhanced 
reliability. 

Besides,  high-speed  recording  with  a  high  informa- 
so  tion  transfer  rate  by  the  aforesaid  external  field  modula- 

tion  method  requires  an  electromagnet  which  operates 
at  a  frequency  of  the  order  of  MHz,  for  example.  Such 
electromagnet  is  difficult  to  prepare  and,  even  if  pre- 
pared,  is  not  suitable  for  practical  use,  because  of  the 

55  great  power  consumption  and  heat  generation  thereof. 
On  the  other  hand,  the  two-head  method  necessi- 

tates  an  extra  head  and  requires  the  two  heads  to  be 
spaced  apart.  These  requirements  lead  to  a  heavier  bur- 

2 
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den  on  drive  system,  a  poorer  economy,  a  lower  adapt- 
ability  to  mass-production,  etc. 

In  order  to  overcome  the  above  difficulties,  the 
present  inventors  have  previously  proposed  a  magneto- 
optical  (or  thermo-magnetic)  recording  method  which 
enables  rewriting,  or  overwriting,  to  be  easily  accom- 
plished  by  only  switching  in  a  controlled  manner  the 
heating  temperature  for  a  recording  medium  in  heating 
the  medium  by  a  laser  light  or  the  like,  as  for  example 
in  Japanese  Patent  Application  Laid-Open  (KOKAI) 
Nos.  63-52354  (1988)  and  63-52355  (1988).  According 
to  the  magneto-optical  (or  thermo-magnetic)  recording 
method  proposed  by  the  patent  applications,  as  illustrat- 
ed  in  Figure  6,  a  magneto-optical  (or  thermo-magnetic) 
recording  medium  having  a  stacked  structure  of  a  first 
and  a  second  rare  earth-transition  metal  magnetic  thin 
film  is  used,  and  a  condition  in  which  overwrite  recording 
can  be  performed  is  obtained  as  follows.  A  first  thermal 
condition  which  is  obtained  by  heating  to  a  first  temper- 
ature  Ti  approximate  to  or  higher  than  the  Curie  tem- 
perature  Tc-|  of  a  memory  layer  and  not  so  high  as  to 
cause  inversion  of  sublattice  magnetization  in  a  record- 
ing  layer,  under  a  first  magnetic  field  applied  externally, 
and  a  second  thermal  condition  which  is  obtained  by 
heating  to  a  second  temperature  T2  equal  to  or  higher 
than  the  Curie  temperature  Tc-,  and  high  enough  to 
cause  inversion  of  the  sublattice  magnetization  in  the 
recording  layer,  are  modulated  in  a  switching  manner 
according  the  information  to  be  recorded,  for  example, 
"0"  and  "1".  In  the  subsequent  cooling  process,  the 
senses  of  sublattice  magnetizations  in  the  memory  layer 
are  aligned  to  the  senses  of  sublattice  magnetizations 
in  the  recording  layer  due  to  exchange  coupling  forces 
between  the  memory  layer  and  the  recording  layer, 
whereby  record  bits  (magnetic  domains)  of,  for  exam- 
ple,  "0"  and  "1  "  are  produced  in  the  memory  layer.  Fur- 
thermore,  by  a  second  external  magnetic  field  or  by  se- 
lecting  the  composition  of  the  recording  layer  so  that  the 
compensation  temperature  of  the  recording  layer  lies 
between  room  temperature  and  the  second  temperature 
T2,  it  is  ensured  that  the  sublattice  magnetization  in  the 
recording  layer  can  be  inverted  by  only  the  first  magnetic 
field  applied  at  room  temperature. 

In  this  case,  no  special  process  (time)  for  erasing  is 
required,  and  it  is  possible  to  attain  a  higher  transfer  rate 
and  to  solve  the  aforementioned  problems  involved  in 
the  two-head  system  or  the  external  field  modulation 
system. 

The  present  inventors,  in  EP-A-0  352  548  and  in 
Unexamined  Japanese  Patent  Publication  HEI 
2-121103,  have  made  proposals  for  controlling  the  do- 
main  wall  energy  density  ow  at  room  temperature  of 
magnetic  domain  walls  generated  between  magnetic 
thin  films  in  the  thermo-magnetic  recording  method. 
That  is,  the  present  inventors  have  proposed  a  magne- 
to-optical  recording  medium  in  which  an  intermediate 
layer  having  either  in-plane  magnetic  anisotropy  or 
slight  perpendicualr  magnetic  anisotropy  is  provided  be- 

tween  a  memory  layer  and  a  recording  layer,  so  as  to 
stabilize  the  condition  in  which  the  interfacial  domain 
walls  exist. 

Figure  9  shows,  in  schematic  enlarged  section,  one 
5  example  of  the  magneto-optical  recording  medium  ac- 

cording  to  EP-A-0  352  548,  mentioned  above. 
As  shown  in  the  Figure  9,  the  magneto-optical  re- 

cording  medium  comprises  a  light-transmissive  sub- 
strate  1  of  polycarbonate  or  the  like  on  which  a  dielectric 

10  layer  2,  a  stacked  film  9  of  magnetic  thin  films,  and  a 
protective  layer  6  composed  of  a  dielectric  or  metal  layer 
are  stacked  in  succession,  the  stacked  film  9  being  com- 
posed  of  a  first  magnetic  thin  film,  or  memory  layer  3, 
an  intermediate  layer  4  and  a  second  magnetic  thin  film, 

is  or  recording  layer  5. 
Recording  and  reproduction  on  the  recording  medi- 

um  10  are  carried  out  as  follows.  Recording  of  informa- 
tion  is  carried  out  by  heating  to  first  and  second  temper- 
atures  Ti  andT2,  similarly  to  the  recording  inthethermo- 

20  magnetic  (or  magneto-optical)  recording  method  ac- 
cording  to  the  above  Japanese  Patent  Application  Laid- 
Open  (KOKAI)  No.  63-52354  (1  988).  The  magnetization 
states  of  the  above  memory  layer  3  and  recording  layer 
5,  corresponding  to  temperature  T,  are  schematically  in- 

25  dicated  by  arrows  in  the  memory  layer  3  and  recording 
layer  5  in  Figure  7.  As  shown  in  the  figure,  information 
bits,  for  example  "0"  and  "1",  are  recorded  in  the  form 
of  state  A  wherein  the  senses  of  magnetization  in  the 
memory  layer  3  and  the  recording  layer  5  are  the  same 

30  at  room  temperature  TR  and  state  B  wherein  the  senses 
of  magnetization  are  opposite,  respectively. 

This  recording  method  will  now  be  explained  in 
more  detail.  First,  an  area  being  in  the  state  A,  for  ex- 
ample,  is  irradiated  with  a  laser  light,  while  the  intensity 

35  of  the  laser  light  or  the  irradiation  time  is  modulated  un- 
der  control  according  to  a  recording  signal  so  that  the 
temperature  T  of  the  area  is  raised  to  a  first  heating  tem- 
perature  Ti  approximate  toorhigherthan  the  Curie  tem- 
perature  Tc-i  of  the  memory  layer  3  and  not  high  enough 

40  to  cause  inversion  of  the  magnetization  in  the  recording 
layer  5  under  a  desired  recording  field  (external  mag- 
netic  field)  Hex.  The  heating  brings  the  memory  layer  3 
into  a  demagnetized  state  C.  However,  when  the 
stacked  film  9  is  cooled  to  or  below  the  temperature  Tc-, 

45  after  the  heating  is  finished,  the  memory  layer  3  comes 
to  exhibit  magnetization.  The  stacked  film  9  is  so  de- 
signed  that,  in  this  instance,  the  exchange  coupling 
force  between  the  memory  layer  3  and  the  recording  lay- 
er  5  predominates,  thereby  conforming  the  sense  of 

so  magnetization  of  the  memory  layer  3  to  the  sense  of 
magnetization  of  the  recording  layer  5.  That  is,  the  state 
A  is  generated,  whereby  an  information  bit,  for  example 
"0",  is  recorded. 

Another  heating  is  to  bring  the  temperature  of  an 
55  area  to  a  second  heating  temperature  T2  higher  than  the 

above-described  temperature  T-,  and  high  enough  to 
cause  inversion  of  the  magnetization  in  the  recording 
layer  5  under  the  recording  magnetic  field  (external 

3 
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magnetic  field)  Hex.  By  such  heating,  the  memory  layer 
3  loses  its  magnetization,  whereas  the  magnetization  of 
the  recording  layer  5  is  inverted  by  the  recording  field 
Hex,  resulting  in  state  D.  When  the  stacked  film  9  is 
cooled  to  the  temperature  Tc1  after  the  heating  is  fin- 
ished,  the  exchange  coupling  force  between  the  mem- 
ory  layer  3  and  the  recording  layer  5  brings  the  memory 
layer  3  into  state  E  where  the  magnetization  of  the  mem- 
ory  layer  3  is  opposite  to  the  magnetization  in  the  initial 
state.  At  this  point,  an  external  sub-field  Hsub  as  an  in- 
itializing  magnetic  field  or  sub-field  is  applied  to  the  re- 
cording  layer  5  so  as  to  invert  the  sense  of  magnetiza- 
tion  in  only  the  recording  layer  5,  which  is  designed  to 
have  a  comparatively  low  coercive  force  at  or  around 
room  temperature  TR.  The  result  is  a  magnetization 
state  B  wherein  a  magnetic  domain  wall  is  present  be- 
tween  the  memory  layer  3  and  the  recording  layer  5;  that 
is,  the  sense  of  magnetization  in  the  memory  layer  3  is 
solely  inverted,  as  compared  to  the  magnetization  state 
A,  whereby  an  information  bit,  for  example  "1  ",  is  record- 
ed. 

Thus,  in  the  magneto-optical  recording  medium 
having  the  above-described  construction,  the  bits  of  in- 
formation  "0"  and  "1"  are  recorded  in  the  form  of  state 
A  and  state  B,  respectively.  The  magnetization  direc- 
tions  (or  senses)  can  be  detected  through  the  Kerr  ro- 
tation  upon  irradiation  with  a  reading  laser  light. 

Both  of  the  state  A  and  state  B  are  capable  of  being 
overwritten  by  a  light  intensity  modulation  system.  That 
is,  a  given  area  of  the  magneto-optical  recording  medi- 
um  is  capable  of  being  overwritten  with  any  one  of  the 
state  A  and  the  state  B  according  to  the  information  bits 
"0"  and  "1  ",  by  the  process  of  selectively  heating  the  ar- 
ea  to  the  temperature  T-,  or  T2  for  causing  the  area  to 
pass  through  at  least  the  state  C,  in  the  same  manner 
as  described  above,  irrespective  of  whether  the  initial 
state  of  the  given  area  is  the  state  A  or  the  state  B. 

In  the  magneto-optical  recording  medium  con- 
structed  as  above,  an  exchange  energy  is  acting  at  the 
interface  between  the  memory  layer  3  and  the  recording 
layer  5  stacked  on  each  other;  therefore,  a  magnetic  do- 
main  wall  MW  is  generated  in  the  first  state  B.  The  do- 
main  wall  energy  ow  is  given  by  the  following  formula  (1  ): 

ow-2((A1K1)1/2  +  (A2K2)1/2)  (1) 

where  A1  and  A2  are  the  exchange  constants,  and  K-, 
and  K2  the  perpendicular  magnetic  anisotropy  con- 
stants,  of  the  memory  layer  3  and  the  recording  layer  5, 
respectively. 

The  conditions  necessary  for  overwriting  are  repre- 
sented  by  the  following  formulas.  First,  the  condition 
necessary  for  preventing  a  transition  from  state  B  to 
state  A  at  room  temperature  (-20°C  to  60°C)  is  given  by 
the  following  formula  (2): 

Hc1  >  Hw1  =  ow/2Ms1h1  (2) 

Next,  the  condition  of  the  following  formula  (3)  must 
5  be  satisfied,  in  order  to  prevent  a  transition  from  state  B 

to  state  E. 

Hc2  >  Hw2  =  ow/2Ms2h2  (3) 
10 

Further,  in  order  that  the  magnetization  of  the  mem- 
ory  layer  3  in  state  E  may  not  be  inverted  by  the  external 
sub-field  Hsub,  the  following  formula  (4)  must  be  satis- 
fied: 

15 

Hc1  +  Hw1  >  Hsub  (4) 

where  the  plus-or-minus  sign  (+)  on  the  left  side  is  "+" 
20 for  the  case  where  the  memory  layer  3  is  a  rare  earth 

metal-dominant  film  and  the  recording  layer  5  is  a  tran- 
sition  metal-dominant  film,  and  "-"  for  the  case  where 
both  the  memory  layer  3  and  the  recording  layer  5  are 
transition  metal-dominant  films. 

25 On  the  other  hand,  in  order  to  cause  a  transition 
from  state  E  to  state  B,  the  following  formula  (5)  must 
be  satisfied. 

30  Hsub  >  Hc2  +  Hw2  =  Hc2  +  ow/2Ms2h2  (5) 

For  a  transition  from  state  C  to  state  A,  namely,  for 
alignment  of  the  sense  of  magnetization  of  the  memory 

35  layer  3  into  the  sense  of  magnetization  of  the  recording 
layer  5,  under  a  heating  temperature  in  the  vicinity  of  the 
Curie  temperature  Tc1  of  the  memory  layer  3,  the  con- 
dition  of  the  following  formula  (6)  must  be  fulfilled. 

40  Hw1  >  Hc1  +  Hex  (6) 

Further,  in  order  for  a  transition  from  state  C  to  state 
E  to  be  inhibited,  the  condition  of  the  following  formula 

45  (7)  must  be  satisfied. 

Hc2  -  Hw2  >  Hex  (7) 

50  Moreover,  in  order  that  the  magnetization  of  the 
memory  layer  3  may  not  be  inverted  by  the  external  sub- 
field  Hsub  at  the  time  of  the  transition  from  state  E  to 
state  B,  the  condition  of  the  following  formula  (8)  must 
be  fulfilled. 

55 
Hsub  <  Hc1  -  Hw1  =  Hc1  -  ow/(2Ms1  h1  )  (8) 

10 

15 

20 

40 

4 
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In  each  of  the  above  formulas,  Hw-,  and  Hw2  are 
effective  magnetic  fields  due  to  the  exchange  coupling 
forces  as  defined  in  the  above  formulas  (1  )  and  (2);  He-, 
and  Hc2,  Ms-,  and  Ms2,  and  h-,  and  h2  represent  the  co- 
ercive  force,  the  saturation  magnetization  and  the  thick- 
ness  of  the  memory  layer  3  and  the  recording  layer  5, 
respectively. 

As  is  clearly  understood  from  the  above,  it  is  desir- 
able  for  the  domain  wall  energy  ow  to  have  a  lower  value 
in  order  to  satisfy  the  above  formulas  (2)  and  (3), 
through  actual  values  of  the  domain  wall  energy  ow  are 
considerably  high.  Also,  it  is  seen  from  the  above  for- 
mulas  (5)  and  (7)  that  the  external  sub-field  Hsub  in- 
creases  with  an  increase  in  the  film  thickness  h2  of  the 
recording  layer  5. 

According  to  this  method,  in  which  information  is  re- 
corded  in  terms  of  magnetization  state  of  the  memory 
layer  3,  the  magnetostatic  coupling  between  the  mem- 
ory  layer  3  and  the  recording  layer  5  through  the  inter- 
mediate  layer  4  having  in-plane  magnetic  anisotropy  or 
slight  perpendicular  magnetic  anisotropy  reduces  the 
domain  wall  energy  ow  between  the  memory  layer  3  and 
the  recording  layer  5.  It  is  therefore  possible  to  reduce 
the  external  sub-field  Hsub  necessary  for  the  transition 
from  state  E  to  state  B,  namely,  for  initialization  of  the 
recording  layer  5,  and  to  reduce  the  total  thickness  of 
the  stacked  film  9. 

In  carrying  out  the  two-valued  information  recording 
as  above,  it  is  necessary  to  heat  selectively  to  the  first 
temperature  T1  and  second  temperature  T2  according 
to  the  information  to  be  recorded.  In  the  light  intensity 
modulation  system,  therefore,  the  temperature  distribu- 
tion  in  the  area  heated  should  be  controlled  appropri- 
ately.  The  control  has  been  made  in  the  prior  art  by  reg- 
ulating  the  irradiating  laser  power  only.  With  the  magne- 
to-optical  recording  medium,  however,  there  has  been 
the  drawback  that  the  tolerance  or  margin  for  a  high- 
output-level  laser  power  PH  and  a  low-output-level  laser 
powert  PL  set  for  individual  recording  of  each  informa- 
tion  bit  in  two-valued  information  recording  is  compara- 
tively  small. 

Meanwhile,  as  to  the  light  modulation  type  magne- 
to-optical  recording  media,  a  construction  has  been  pro- 
posed  in  which  a  metal  layer  is  provided  on  a  dielectric 
protective  film  covering  a  magneto-optical  recording  film 
on  the  side  opposite  to  the  substrate  side,  and  further  a 
dielectric  layer  and  a  UV-curable  resin  film  are  stacked 
on  the  metal  layer  [A.  Okamuro,  et  al.,  MORIS  (MO  Re- 
cording  International  Symposium),  18-T-13,  1991].  This 
magneto-optical  recording  medium,  as  shown  in  sche- 
matic  enlarged  section  in  Figure  10,  comprises  a  light- 
transmitting  substrate  1  on  which  a  dielectric  layer  2,  a 
magneto-optical  recording  film  1  3,  a  dielectric  layer  6A, 
a  metal  layer  7,  a  dielectric  layer  6B  and  a  protective 
layer  8  are  provided  in  a  sequentially  stacked  form. 

In  the  magneto-optical  recording  medium,  the  metal 
layer  7  formed  on  the  magneto-optical  recording  film  1  3, 
with  the  dielectric  layer  6A  interposed  therebetween, 

serves  for  heat  radiation  to  thereby  moderate  the  tem- 
perature  variation  in  the  recording  film  1  3  at  the  time  of 
irradiation  with  laser  light,  and  to  enlarge  the  margin  in 
setting  the  power  of  the  irradiating  laser  light.  According 

5  to  the  proposed  construction,  the  thickness  of  the  mag- 
neto-optical  recording  film  13  is  100  nm  (1000  A),  the 
thickness  of  the  metal  layer  7  is  20  nm  (200  A),  and  the 
thicknesses  t-,  and  t2  of  the  dielectric  layers  6A  and  6B 
are  1  0  nm  (1  00  A)  each,  so  as  to  achieve  efficient  trans- 

10  fer  of  the  heat  generated  in  the  recording  film  13  by  ir- 
radiation  with  laser  light  to  the  metal  layer  7.  As  a  con- 
sequence  of  the  construcion,  however,  there  is  a  possi- 
bility  that  the  laser  light  power  necessary  for  heating  to 
the  desired  temperature  T-,  or  T2  in  the  two-valued  in- 

15  formation  recording  may  be  increased. 
Besides,  because  this  type  of  thermo-magnetic  re- 

cording  medium  is  irradiated  with  laser  light  from  the 
side  of  the  memory  layer  3,  unintended  observation  of 
the  recording  layer  5  through  the  memory  layer  3  can 

20  occur,  according  to  the  film  thickness  of  the  memory  lay- 
er  3.  Therefore,  it  has  been  necessary  to  select  the  thick- 
ness  of  the  memory  layer  3  so  as  to  enable  assured  dis- 
crimination  between  the  above-described  state  E  and 
state  B. 

25  The  above  mentioned  EP-A-0  352  548  proposes  a 
total  thickness  of  the  three  magnetic  layers  3,  4,  5  for 
one  embodiment  of  1  20  nm  and  for  another  embodiment 
of  152  nm.  This  document  does  not  specify  the  thick- 
ness  of  a  protection  film  or  a  non-magnetic  metallic  film 

30  which  is  covering  the  laminated  film  of  the  three  mag- 
netic  layers.  Instead  of  this,  this  document  mentions  that 
this  metallic  film  or  the  protecting  film  may  be  omitted. 

SUMMARY  OF  THE  INVENTION 
35 

It  is  accordingly  an  object  of  this  invention  to  provide 
a  magneto-optical  recording  medium  which  overcomes 
the  aforementioned  problems  associated  with  the  prior 
art. 

40  The  magneto-optical  recording  medium  according 
to  the  invention  comprises  the  features  of  the  appended 
claim. 

Accordingly,  a  magneto-optical  recording  medium 
comprising: 

45 
a  light-transparent  substrate, 
a  first  transparent  dielectric  layer, 
a  memory  layer  having  perpendicular  magnetic  an- 
isotropy, 

so  -  an  intermediate  magnetic  layer  having  in-plane 
magnetic  anisotropy  or  slight  perpendicular  mag- 
netic  anisotropy, 
a  recording  layer  having  perpendicular  magnetic 
anisotropy,  and 

55  -  a  second  dielectric  layer 

in  a  successively  stacked  form,  wherein 
the  stacked  film  composed  of  said  memory  layer,  said 

5 
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intermediate  layer  and  said  recording  layer  has  a  total 
thickness  from  1  00  nm  to  1  50  nm,  and 
said  magneto-optical  recording  medium  being  adapted 
to  being  magnetized  for  recording  information  signals 
by  a  process  comprising  the  steps  of: 

modulating  a  first  thermal  condition  and  a  second 
thermal  condition  according  to  information  signals  to  be 
recorded, 
said  first  thermal  condition  obtained  by  heating  to  a  tem- 
perature  Ti  approximate  to  or  higher  than  a  Curie  tem- 
perature  Tc1  of  a  memory  layer  but  not  so  high  as  to 
cause  inversion  of  magnetic  moment  in  said  recording 
layer,  and 

said  second  thermal  condition  obtained  by  heating 
to  a  temperature  T2  equal  to  or  higher  than  said  Curie 
temperature  Tc-,  and  high  enough  to  cause  inversion  of 
magnetic  moment  in  said  recording  layer, 
characterized  in  that 
a  metal  layer  is  provided  on  said  second  dielectric  layer 
and  a  protective  layer  is  provided  on  said  metal  layer, 
wherein 
said  second  dielectric  layer  has  a  thickness  from  50  nm 
to  150  nm,  and 
said  metal  layer  has  a  thickness  from  25  nm  to  150  nm. 

Since  in  the  magneto-optical  recording  medium  ac- 
cording  to  the  invention,  the  total  thickness  of  the 
stacked  film  9  is  from  100  nm  to  150  nm,  the  thickness 
of  the  dielectric  layer  6  is  from  50  to  150  nm  and  the 
thickness  of  the  metal  layer  7  is  from  25  to  1  50  nm.  It  is 
possible  to  enlarge  the  margin  or  tolerance  for  the  laser 
light  power  levels  set  for  recording  of  two-valued  infor- 
mation,  for  example  "0"  and  "1  ",  as  described  above. 

In  the  light  intensity  modulation  type  recording 
methods  according  to  the  prior  art,  the  metal  layer  of 
high  thermal  conductivity,  if  provided,  has  been  made  to 
have  a  comparatively  small  thickness,  for  assured  con- 
trol  of  temperature  setting  according  to  two-valued  in- 
formation  by  irradiation  with  laser  light  as  described 
above.  As  a  result  of  the  present  inventors'  studies,  how- 
ever,  it  has  been  found  possible  to  set  the  thickness  of 
the  metal  layer  at  a  comparatively  large  value,  without 
causing  an  increase  in  the  laser  power  required,  by  suit- 
ably  selecting  the  total  thickness  of  the  stacked  magnet- 
ic  film  for  magneto-optical  recording  as  well  as  the  thick- 
ness  of  the  dielectric  layer  interposed  between  the 
stacked  film  and  the  metal  layer. 

With  the  magneto-optical  recording  medium  ac- 
cording  to  the  invention,  therefore,  it  is  possible  to  en- 
large  the  power  margins  for  high-output-level  and  low- 
output-level  laser  powers  PH  and  PL  necessary  for  in- 
dividual  recording  of  two-valued  information,  without 
need  to  increase  the  laser  powers  themselves. 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

Figure  1  is  a  schematic,  enlarged  sectional  view  of 
a  magneto-optical  recording  medium  according  to 
this  invention; 

Figure  2  is  a  diagram  showing  a  power  margin  for 
a  recording  laser  used  with  the  magneto-optical  re- 
cording  medium; 
Figure  3  is  a  diagram  showing  variations  in  the  low- 

5  level  power  of  a  laser  with  the  thickness  of  a  metal 
layer; 
Figure  4  is  a  diagram  showing  variations  in  the  pow- 
er  margin  for  the  low-level  laser  with  the  thickness 
of  the  metal  layer; 

10  Figure  5  is  a  diagram  showing  the  relationship  be- 
tween  the  thickness  of  the  memory  layer  in  another 
magneto-optical  recording  medium  and  the  Kerr  ro- 
tation  angle; 
Figure  6  is  a  diagrammatic  illustration  of  magneti- 

cs  zation  states  of  the  magneto-optical  recording  me- 
dium  according  to  this  invention; 
Figure  7  is  a  diagrammatic  illustration  of  magneti- 
zation  states  of  a  stacked  film  in  a  magneto-optical 
recording  medium  according  to  the  prior  art; 

20  Figure  8  is  a  schematic,  enlarged  sectional  view  of 
a  magneto-optical  recording  medium  according  to 
the  prior  art; 
Figure  9  is  a  schematic,  enlarged  sectional  view  of 
another  magneto-optical  recording  medium  accord- 

25  ing  to  the  prior  art;  and 
Figure  10  is  a  schematic,  enlarged  sectional  view 
of  a  further  magneto-optical  recording  medium  ac- 
cording  to  the  prior  art. 

30  DETAILED  DESCRIPTION  OF  THE  PREFERRED 
EMBODIMENT 

The  magneto-optical  recording  medium  according 
to  the  embodiment  of  this  invention  will  now  be  ex- 

35  plained  in  detail.  This  embodiment  is  applied  to  a  mag- 
neto-optical  recording  medium  for  overwrite  magnetic 
recording  of  the  light  intensity  modulation  type  as  de- 
scribed  with  reference  to  Figure  7  above.  In  this  embod- 
iment,  as  shown  in  Figure  1,  a  light-transmitting  sub- 

40  strate  1  formed  in  the  shape  of  a  disk  from  polycar- 
bonate  or  the  like  is  coated  successively  with  a  dielectric 
layer  2  of  SiN  or  the  like,  a  memory  layer  3  of  TbFeCoCr 
or  the  like,  an  intermediate  layer  4  of  GdFeCoCr  or  the 
like,  a  recording  layer  5  of  GdTbFeCoCr  or  the  like,  a 

45  dielectric  layer  6  of  SiN  or  the  like,  and  a  metal  layer  7 
of  Al  or  the  like,  for  example  by  sputtering  techniques, 
and  further  a  protective  layer  8  of  a  UV-curable  resin  or 
the  like  is  provided  on  the  metal  layer  7.  A  magneto- 
optical  recording  medium  with  such  construction  was 

so  produced  in  which  the  dielectric  layer  2  was  made  to  be 
80  nm  (800  A)  in  thickness,  the  memory  layer  3  was  30 
nm  (300  A),  the  intermediate  layer  4  was  30  nm  (300  A), 
the  recording  layer  5  was  70  nm  (700  A),  the  dielectric 
layer  6  was  80  nm  (800  A),  and  the  metal  layer  7  was 

55  30  nm  (300  A)  in  thickness. 
Figure  2  shows  the  region  in  which  the  power  at  the 

time  of  recording  on  a  light  intensity  modulation  type 
magneto-optical  recording  medium  can  be  set,  namely, 

6 
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the  power  margin.  The  term  "power  margin"  used  herein 
means  the  region  in  which  direct  overwriting  can  be  per- 
formed  with  an  error  rate  of  1  x  10"4or  below.  In  the  light 
intensity  modulation  recording  system,  as  has  been  de- 
scribed  above,  recording  of  two-valued  information  is 
carried  out  by  setting  two  laser  power  levels  suitable  for 
heating  to  different  temperatures  T-,  andT2,  respectively 
The  higher-level  laser  power  will  be  referred  to  as  PH, 
and  the  lower-level  laser  power  as  PL. 

In  Figure  2,  the  region  surrounded  by  solid  line  a 
represents  the  power  margin  for  the  magneto-optical  re- 
cording  medium  according  to  this  invention,  having  the 
construction  as  described  above.  The  region  surround- 
ed  by  broken  line  b,  on  the  other  hand,  represents  the 
power  margin  for  a  magneto-optical  recording  medium 
presented  as  a  comparative  example,  having  the  same 
construction  as  above  except  that  the  protective  layer  8 
is  provided  directly  on  the  dielectric  layer  6,  with  no  met- 
al  layer  therebetween.  For  each  of  the  examples,  re- 
cording  of  random  pattern  data  according  to  ISO  stand- 
ards  (2.7)  RLL  (Run  Length  Limited),  or  so-called  2.7 
modulation  system,  was  carried  out  under  the  condi- 
tions  of  a  recording  magnetic  field  Hex  of  32  kA/m  (400 
Oe),  an  external  magnetic  sub-field  Hsub  of  200  kA/m 
(2.5  kOe),  and  a  linear  velocity  of  7.5  m/s  on  a  track  at 
a  30-mm  distance  from  the  center  of  the  disk-form  mag- 
neto-optical  recording  medium. 

As  seen  from  Figure  2,  the  allowable  range  of  low- 
level  power  PL  in  the  embodiment  of  this  invention,  sur- 
rounded  by  the  line  a,  is  broader  than  that  in  the  com- 
parative  example,  surrounded  by  the  line  b.  Therefore, 
with  the  magneto-optical  recording  medium  according 
to  this  embodiment,  a  comparatively  large  power  margin 
can  be  provided  for  the  low-level  power  PL,  similarly  to 
that  for  the  high-level  power  PH.  In  the  comparative  ex- 
ample  lacking  the  metal  layer  7,  on  the  other  hand,  the 
allowable  range  of  the  low-level  power  PL  is  small  and, 
accordingly,  a  large  power  margin  cannot  be  provided. 

The  dependence  of  the  margin  for  low-level  power 
PL  on  film  thickness  is  shown  in  Figure  3.  Figure  3 
shows  marginal  values  of  low-level  power  PL  measured 
on  the  magneto-optical  recording  media  as  shown  in 
Figure  1  ,  with  the  thickness  of  the  metal  layer  7  varied. 
For  the  measurement,  the  same  recording  method  as 
described  with  reference  to  Figure  2  above  was  used. 
The  region  bounded  by  the  lines  c  and  d  in  the  figure 
represents  the  PL  power  margin.  As  seen  from  Figure 
3,  when  the  metal  layer  7  was  not  provided,  the  allowa- 
ble  range  of  low-level  power  PL  was  from  3.8  to  6.3  mW, 
so  that  the  PL  power  margin  was  about  2  mW.  When  an 
Al  metal  layer  7  was  formed  in  a  thickness  of  30  nm  (300 
A),  on  the  other  hand,  the  allowable  range  of  low-level 
power  PL  was  from  4.3  to  8.2  mW,  giving  a  PL  power 
margin  of  about  5  mW.  The  power  margin  gradually  in- 
creased  in  proportion  to  the  thickness  of  the  metal  layer 
7,  as  seen  from  Figure  3. 

For  each  given  value  of  the  film  thickness,  the  av- 
erage  of  the  marginal  PL  power  values  was  calculated, 

to  determine  the  margin  provided  above  and  below  the 
average  of  low-level  power  PL.  The  results  are  shown 
in  Figure  4.  As  seen  from  Figure  4,  only  a  power  margin 
of  about  20%  was  obtained  when  the  metal  layer  was 

5  absent.  It  is  also  seen  that  the  metal  layer  7  should  have 
a  film  thickness  of  more  than  about  25  nm  (250  A),  in 
order  to  provide  a  practically  required  power  margin  of 
more  than  about  30%. 

If  the  thickness  of  the  metal  layer  7  exceeds  1  50  nm 
10  (1  500  A),  on  the  other  hand,  the  heating  to  a  predeter- 

mined  temperature  may  be  impossible  to  achieve  in  re- 
cording,  for  example,  on  an  outer  circumference  portion 
of  a  disk-shaped  magneto-optical  recording  medium, 
because  of  the  high  linear  velocity  at  that  portion;  con- 

's  sequently,  sensitivity  may  be  lowered.  Therefore,  the 
thickness  of  the  metal  layer  should  be  from  about  25  nm 
(250  A)  to  about  1  50  nm  (1  500  A). 

Incidentally,  according  to  the  above-mentioned  Un- 
examined  Japanese  Patent  Publication  HEI  3-86947,  it 

20  was  difficult  to  enlarge  the  power  margin  and  it  was  im- 
possible  to  obtain  the  practically  needed  power  margin 
of  more  than  about  30%. 

In  the  above  embodiment,  the  film  thickness  of  the 
dielectric  layer  6  was  80  nm  (800  A).  If  the  film  thickness 

25  is  less  than  50  nm  (500  A),  the  resulting  small  spacing 
between  the  stacked  film  9  (composed  of  the  memory 
layer  3,  intermediate  layer  4  and  recording  layer  5)  and 
the  metal  layer  7  may  develop  a  lowering  in  sensitivity, 
due  to  radiation  of  heat  by  the  metal  layer  7,  and  may 

30  cause  oxidation  of  the  stacked  film  9.  Where  the  film 
thickness  is  more  than  150  nm  (1500  A),  it  may  be  im- 
possible  to  obtain  the  effect  of  enlarging  the  power  mar- 
gin  by  the  metal  layer  7.  Therefore,  the  thickness  of  the 
dielectric  layer  6  is  set  in  the  range  from  50  to  150  nm 

35  (500  to  1500  A). 
Although  the  thickness  of  the  stacked  film  9  was  1  30 

nm  (1300  A)  in  the  above  embodiment,  the  film  thick- 
ness  may  have  any  value  in  the  range  from  about  100 
nm  (1  000  A)  to  about  1  50  nm  (1  500  A). 

40  Besides,  the  intermediate  layer  4  was  formed  by 
use  of  GdFeCoCr  in  the  above  embodiment.  Where  the 
material  for  the  intermediate  layer  4  is  so  selected  as  to 
provide  a  low  domain  wall  energy  at  room  temperature 
and  a  high  domain  wall  energy  in  the  vicinity  of  the  Curie 

45  point  of  the  material,  the  selection  is  so  made  that  the 
saturation  magnetization  Ms  of  the  material  at  room 
temperature  may  be  in  the  range  of  0  <  Ms  <  0,57  T  (450 
emu/cm3).  Especially,  a  rare  earth-predominant  metallic 
material  which  has  a  perpendicular  magnetic  anisotropy 

so  of  0,1  J/cm3  (1  x  106  erg/cm3)  or  below  and  has  a  tem- 
perature  characteristic  curve  of  effective  magnetic  ani- 
sotropy  constant  K  showing  an  upwardly  protuberant 
form  or  a  linear  form  may  be  used.  For  example,  where 
a  GdFeCo  material  is  used,  the  material  is  so  selected 

55  as  to  have  a  composition  Gd^Fe-̂ yCOy)-,.̂   wherein  x 
and  y  are  atomic  fractions  in  the  range  of  0.25  <  x  <  0.40 
and  0  <  y  <  1  .0,  respectively.  Where  a  GdFeCo  material 
is  used,  a  variety  of  other  elements  such  as  Dy,  Tb,  Nd, 

7 
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etc.  may  be  added  to  the  material.  When  the  material 
for  the  intermediate  layer  4  is  specified  in  this  manner, 
the  magneto-optical  recording  method  described  with 
reference  to  Figure  7  above  can  be  performed  with  a 
lowered  external  sub-field  Hsub,  a  simplified  apparatus 
and  assured  rewriting  (overwrite  recording)  of  informa- 
tion. 

While  the  above  embodiment  has  been  described 
with  reference  to  the  case  of  using  Al  to  form  the  metal 
layer  7,  other  materials  having  a  comparatively  high 
thermal  conductivity,  such  as  Au,  Pt  and  Cu,  may  also 
be  used  for  forming  the  metal  layer  7. 

As  a  material  for  the  dielectric  layer  6,  various  ma- 
terials  other  than  the  above-mentioned  SiN  may  be 
used,  for  example,  SiO,  Si02,  Ti02,  TiO,  CeO,  Hf02, 
BeO,  Th02,  Si3N4,  ITO,  etc. 

As  has  been  described  above,  the  magneto-optical 
recording  medium  according  to  the  embodiment  of  this 
invention  comprises  the  stacked  film  9  for  magneto-op- 
tical  recording,  the  dielectric  layer  6  and  the  metal  layer 
7,  and  the  thickness  of  each  layer  is  selected  suitably. 
It  is  thereby  possible  to  enlarge  the  power  margins  for 
a  high-level  laser  power  PH  and  a  low-level  laser  power 
PL  used,  for  example,  according  to  two-valued  informa- 
tion  in  magneto-optical  recording,  without  increasing  the 
output  values  of  the  powers  PH,  PL. 

Afurther  magneto-optical  recording  medium  not  be- 
longing  to  this  invention  will  now  be  explained  in  detail, 
also  with  reference  to  Figure  1  .  According  to  this  mag- 
neto-optical  recording  medium  a  memory  layer  3  and  a 
recording  layer  5,  both  having  perpendicular  magnetic 
anisotropy,  together  with  an  intermediate  layer  4  there- 
between  having  in-plane  magnetic  anisotropy  or  slight 
perpendicular  magnetic  anisotropy  are  stacked  in  the 
state  of  being  magnetically  coupled  successively  to  form 
a  stacked  film  9. 

As  shown  in  Figure  1  ,  a  transparent  dielectric  film  2 
of  silicon  nitride  or  the  like,  a  memory  layer  3  of  Tb 
(Fe95Co5)  or  the  like,  an  intermediate  layer  4  of  Gd 
(Fe95Co5)  or  the  like,  a  recording  layer  5  of  GdTb 
(Fe70Co30)  or  the  like,  and  a  transparent  dielectric  layer 
6  of  silicon  nitride  or  the  like  were  successively  formed 
by  sputtering  or  other  techniques  on  a  disk-shaped  light- 
transmitting  substrate  1  formed  of  polycarbonate  or  the 
like,  to  fabricate  a  disk-form  magneto-optical  recording 
medium.  The  dielectric  film  2  was  formed  to  be  80  nm 
in  thickness,  the  intermediate  layer  4  was  20  nm,  the 
recording  layer  5  was  70  nm,  and  the  dielectric  layer  6 
was  50  nm  in  thickness. 

The  magneto-optical  recording  medium  thus  ob- 
tained  was  rotated  at  a  rate  of  2400  rpm,  and  a  repro- 
duction  output  at  a  radial  distance  of  40  mm  from  the 
center  of  the  substrate  1  was  measured.  Prior  to  the 
measurement  of  the  reproduction  output,  a  signal  with 
a  frequency  of  5.0  MHz  was  recorded  on  the  magneto- 
optical  recording  medium  under  the  conditions  of  a  re- 
cording  external  magnetic  field  Hex  of  40  kA/m  (500 
Oe),  an  external  magnetic  sub-field  Hsub  of  320  kA/m 

(4.0  kOe),  a  high-level  laser  power  of  16.0  mW,  and  a 
low-level  laser  light  power  of  6.0  mW.  The  magneto-op- 
tical  recording  medium  in  a  totally  erased  condition, 
namely,  the  state  A  in  Figures  6  and  7  was  subjected  to 

5  recording  without  application  of  an  initializing  field,  i.e. 
the  external  sub-field  Hsub.  As  a  result,  the  state  E  was 
generated.  Also,  recording  accompanied  by  application 
of  the  external  sub-field  Hsub  was  carried  out  to  give  the 
state  B.  The  measurement  of  reproduction  output  was 

10  carried  out  on  both  the  recorded  signals  in  state  E  and 
the  recorded  signals  in  state  B,  to  compare  the  repro- 
duction  outputs  from  the  two  kinds  of  recording. 

In  the  above  magneto-optical  recording  medium, 
the  thickness  d  of  the  memory  layer  3  was  30  nm.  This 

is  magneto-optical  recording  medium  gave  a  reproduction 
output  from  the  state  E  with  a  C/N  of  50.77  dB,  and  a 
reproduction  output  from  the  state  B  with  a  C/N  of  51  .20 
dB.  Thus,  an  about  0.5  dB  improvement  in  C/N  was 
achieved. 

20  A  further  magneto-optical  recording  medium  was 
produced  in  the  same  manner  as  above  except  that  the 
thickness  d  of  the  memory  layer  3  was  60  nm.  This  re- 
cording  medium  gave  a  reproduction  output  from  the 
state  E  with  a  C/N  of  49.37  dB,  and  a  reproduction  output 

25  from  the  state  B  with  a  C/N  of  49.47  dB,  which  indicates 
an  about  0.1  dB  improvement  in  C/N. 

As  is  clear  from  these  results,  by  setting  the  thick- 
ness  of  the  memory  layer  3  in  the  range  from  about  20 
to  about  70  nm  it  is  possible  to  produce  a  greater  repro- 

30  duction  output  from  the  state  B.  Accordingly,  it  is  possi- 
ble  to  enlarge  the  difference  between  the  reproduction 
output  from  the  state  B  and  the  reproduction  output  from 
the  state  A,  which  exhibits  a  Kerr  rotation  angle  equal 
in  magnitude  and  opposite  only  in  polarity  to  the  Kerr 

35  rotation  angle  on  the  state  E. 
The  magneto-optical  recording  media  according  to 

the  prior  art  have  not  been  given  a  limitation  or  specifi- 
cation  as  to  the  thickness  of  the  memory  layer  but  have 
been  restricted  only  by  the  condition  for  transition  from 

40  state  C  to  state  A  in  Figure  7,  as  represented  by  the 
above  formula  (2),  and  by  the  condition  for  the  memory 
layer  3  at  the  time  of  transition  from  state  E  to  state  B, 
as  represented  by  the  above  formula  (8).  The  latter  mag- 
neto-optical  recording  medium  as  described  above,  is 

45  based  on  the  consideration  of  the  dependency  of  Kerr 
rotation  angle  on  the  thickness  of  the  memory  layer  3. 
Consequently,  this  magneto-optical  recording  medium 
enables  an  optimized  selection  of  the  thickness  of  the 
memory  layer  3,  thereby  leading  to  a  greater  reproduc- 

50  tion  output. 
In  the  latter  magneto-optical  recording  medium,  al- 

so,  the  recording  of  two-valued  information  "1  "  and  "0", 
for  example,  is  carried  out  by  forming  the  state  A  and 
state  B,  as  has  been  described  above  with  reference  to 

55  Figures  6  and  7. 
In  the  latter  magneto-optical  recording  medium  ac- 

cording  to  the  second  aspect  of  this  invention,  the  thick- 
ness  d  of  the  memory  layer  3  is  set  in  the  range  from  20 

8 



15 EP  0  513  668  B1 16 

to  70  nm.  By  selecting  the  film  thickness  in  this  range, 
it  has  become  possible  to  enlarge  the  Kerr  rotation  angle 
of  a  reproducing  laser  light  in  the  state  B  shown  in  Fig- 
ures  6  and  7.  Thus,  it  has  become  possible  to  increase 
the  difference  in  Kerr  rotation  angle  between  the  state  s 
A  and  the  state  B;  in  other  words,  it  is  possible  to  enlarge 
the  reproduction  outputs  of,  for  example,  "1  "  and  "0". 

Figure  5  shows  the  calculated  variations  in  Kerr  ro- 
tation  angle  with  varying  film  thickness  of  the  memory 
layer  3  in  the  magneto-optical  recording  medium.  In  the  10 
figure,  the  solid  curve  B  represents  the  variation  in  the 
case  where  the  memory  layer  3  is  in  the  aforementioned 
state  B;  and  the  dotted  curve  E,  in  the  aforementioned 
state  E,  for  comparison.  The  magneto-optical  recording 
medium  under  consideration  here  had  been  produced  15 
to  have  a  light-transmitting  substrate  1  ,  a  dielectric  layer 
2  thereon,  a  stacked  film  of  memory,  intermediate  and 
recording  layers  3,  4  and  5  provided  on  the  dielectric 
layer  2,  and  a  dielectric  layer  6  formed  on  the  stacked 
film,  as  shown  in  Figure  1  (except  that  protective  layer  20 
8  and  metal  layer  7  were  omitted),  and  the  Kerr  rotation 
angle  observed  through  the  substrate  1  and  the  dielec- 
tric  layer  2  was  calculated. 

As  is  seen  from  Figure  5,  the  Kerr  rotation  angle 
measured  through  the  memory  layer  3  in  state  E  is  sub-  25 
stantially  constant,  independent  of  the  thickness  of  the 
memory  layer  3,  for  thickness  values  above  a  certain 
value.  On  the  other  hand,  the  Kerr  rotation  angle  meas- 
ured  through  the  memory  layer  3  in  state  B  varies  de- 
pending  on  the  thickness  of  the  memory  layer  3,  with  30 
high  angle  values  beingobtainedforthethickness  range 
from  20  to  70  nm,  and  a  maximum  angle  being  obtained 
at  a  thickness  of  about  40  nm. 

Here,  the  magnetization  direction  in  the  state  A  is 
opposite  to  the  magnetization  direction  in  the  state  E,  35 
and  the  Kerr  rotation  angle  observed  in  the  state  A  can 
be  regarded  as  of  equal  magnitude  but  opposite  polarity 
to  the  Kerr  rotation  angle  in  the  state  E.  Therefore, 
wherein  this  magneto-optical  recording  medium  the 
thickness  of  the  memory  layer  is  set  in  the  range  from  40 
20  to  70  nm  so  that  the  Kerr  rotation  angle  in  state  B 
represented  by  the  solid  curve  B  in  Figure  5  is  greater 
than  the  Kerr  rotation  angle  in  state  E  represented  by 
the  dotted  curve  E,  it  is  possible  to  obtain  a  large  differ- 
ence  between  the  level  of  signal  "1  "  and  the  level  of  sig-  45 
nal  "0",  resulting  in  a  greater  magneto-optical  reproduc- 
tion  signal. 

While  the  thickness  d  of  the  memory  layer  3  may  be 
set  in  the  range  from  20  to  70  nm,  it  is  practically  desir- 
able  to  set  the  film  thickness  d  in  the  range  from  20  nm  so 
to  about  55  nm,  in  consideration  of  laser  power,  etc.  for 
achieving  assured  overwrite  recording  (or  rewriting). 

a  light-transparent  substrate  (1), 
a  first  transparent  dielectric  layer  (2), 
a  memory  layer  (3)  having  perpendicular  mag- 
netic  anisotropy, 
an  intermediate  magnetic  layer  (4)  having  in- 
plane  magnetic  anisotropy  or  slight  perpendic- 
ular  magnetic  anisotropy, 
a  recording  layer  (5)  having  perpendicular  mag- 
netic  anisotropy,  and 
a  second  dielectric  layer  (6) 

in  a  successively  stacked  form,  wherein 
the  stacked  film  composed  of  said  memory  layer 
(3),  said  intermediate  layer  (4)  and  said  recording 
layer  (5)  has  a  total  thickness  from  100  nm  to  150 
nm,  and 
said  magneto-optical  recording  medium  being 
adapted  to  being  magnetized  for  recording  informa- 
tion  signals  by  a  process  comprising  the  steps  of: 

modulating  a  first  thermal  condition  and  a  sec- 
ond  thermal  condition  according  to  information  sig- 
nals  to  be  recorded, 
said  first  thermal  condition  obtained  by  heating  to  a 
temperature  T1  approximate  to  or  higher  than  a  Cu- 
rie  temperature  Tc-,  of  a  memory  layer  (3)  but  not 
so  high  as  to  cause  inversion  of  magnetic  moment 
in  said  recording  layer,  and 

said  second  thermal  condition  obtained  by 
heating  to  a  temperature  T2  equal  to  or  higher  than 
said  Curie  temperature  Tc1  and  high  enough  to 
cause  inversion  of  magnetic  moment  in  said  record- 
ing  layer  (5), 
characterized  in  that 
a  metal  layer  (7)  is  provided  on  said  second  dielec- 
tric  layer  (6)  and  a  protective  layer  (8)  is  provided 
on  said  metal  layer  (7),  wherein 
said  second  dielectric  layer  (6)  has  a  thickness  from 
50  nm  to  150  nm,  and 
said  metal  layer  (7)  has  a  thickness  from  25  nm  to 
150  nm. 

Revendications 

1.  Support  d'enregistrement  magneto-optique 
comprenant  : 

un  substrat  transparent  pour  une  lumiere  (1), 
une  premiere  couche  dielectrique  transparente 
(2), 
une  couche  de  memoire  (3)  ayant  une  aniso- 
tropie  magnetique  perpendiculaire, 
une  couche  magnetique  intermediate  (4)  ayant 
une  anisotropie  magnetique  en  plan  ou  une  ani- 
sotropie  magnetique  perpendiculaire  legere, 
une  couche  d'enregistrement  (5)  ayant  une  ani- 
sotropie  magnetique  perpendiculaire,  et 
une  seconde  couche  dielectrique  (6) 

Claims  55 

1.  magneto-optical  recording  medium  comprising: 

9 
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sous  une  forme  successivement  empiles,  dans  le- 
quel  le  film  empile  compose  de  ladite  couche  de 
memoire  (3),  de  ladite  couche  intermediate  (4)  et 
de  ladite  couche  d'enregistrement  (5)  a  une  epais- 
seur  totale  de  100  nm  a  150  nm,  et  ledit  support  s 
d'enregistrement  magneto-optique  etant  adapte 
pour  etre  aimante  pour  un  enregistrement  de  si- 
gnaux  d'information  par  un  procede  comprenant  les 
etapes  de  : 

10 
modulation  d'une  premiere  condition  thermique 
et  d'une  seconde  condition  thermique  selon 
des  signaux  d'information  a  enregistrer, 
ladite  premiere  condition  thermique  etant  obte- 
nue  par  chauffage  a  une  temperature  T-,  ap-  15 
proximativement  egale  ou  superieure  a  une 
temperature  de  Curie  Tc1  d'une  couche  de  me- 
moire  (3)  mais  pas  assez  elevee  pour  produire 
une  inversion  d'un  moment  magnetique  dans 
ladite  couche  d'enregistrement,  et  20 
ladite  seconde  condition  tnermique  etant  obte- 
nue  par  chauffage  a  une  temperature  T2  egale 
ou  superieure  a  ladite  temperature  de  Curie  Tc1 
et  assez  elevee  pour  produire  une  inversion  du 
moment  magnetique  dans  ladite  couche  d'en-  25 
registrement  (5), 

caracterise  en  ce  qu'une  couche  de  metal  (7) 
est  prevue  sur  ladite  seconde  couche  dielectrique 
(6)  et  une  couche  protectrice  (8)  est  prevue  sur  la-  30 
dite  couche  de  metal  (7), 

dans  lequel  ladite  seconde  couche  dielectri- 
que  (6)  a  une  epaisseur  de  5C  a  150  nm,  et  ladite 
couche  de  metal  (7)  a  une  epaisseur  de  25  nm  a 
150  nm.  35 

150  nm  aufweist  und 

der  magnetooptische  Aufzeichnungstrager  so 
ausgebildet  ist,  dass  er  zum  Aufzeichnen  von 
Informationssignalen  durch  einen  Prozess  mit 
den  folgenden  Schritten  magnetisiert  wird: 

Modulieren  eines  ersten  thermischen  Zustands 
und  eines  zweiten  thermischen  Zustands  ent- 
sprechend  aufzuzeichnender  Informationssi- 
gnale; 
wobei  der  erste  thermische  Zustand  durch  Er- 
warmen  auf  eine  Temperatur  T-,  in  der  Nahe  der 
Curietemperatur  Tc-,  der  Speicherschicht  (3), 
oder  daruber,  jedoch  nicht  so  hoch,  dass  eine 
Umkehrung  des  magnetischen  Moments  in  der 
Aufzeichnungsschicht  hervorgerufen  wird,  er- 
halten  wird;  und 
wobei  der  zweite  thermische  Zustand  durch  Er- 
warmen  auf  eine  Temperatur  T2  erhalten  wird, 
die  der  Curietemperatur  Tc-,  entspricht,  oder 
hoher  ist,  und  die  ausreichend  hoch  dafur  ist, 
dass  sie  eine  Umkehrung  des  magnetischen 
Moments  in  der  Aufzeichnungsschicht  (5)  her- 
vorruft; 

dadurch  gekennzeichnet,  dass 
eine  Metallschicht  (7)  auf  der  zweiten  dielektrischen 
Schicht  (6)  vorhanden  ist  und  eine  Schutzschicht 
(8)  auf  der  Metallschicht  (7)  vorhanden  ist,  wobei 

die  zweite  dielektrische  Schicht  (6)  eine  Dicke 
von  50  nm  bis  150  nm  aufweist  und 
die  Metallschicht  (7)  eine  Dicke  von  25  nm  bis 
150  nm  aufweist. 

Patentanspriiche 

1.  Magnetooptischer  Aufzeichnungstrager  mit:  40 

einem  lichtdurchlassigen  Substrat  (1); 
einer  ersten  transparenten,  dielektrischen 
Schicht  (2); 
einer  Speicherschicht  (3)  mit  rechtwinkliger  45 
magnetischer  Anisotropie; 
einer  magnetischen  Zwischenschicht  (4)  mit  in 
der  Ebene  liegender  magnetischer  Anisotropie 
oder  leichter  rechtwinkliger  magnetischer  An- 
isotropie;  so 
einer  Aufzeichnungsschicht  (5)  mit  rechtwinkli- 
ger  magnetischer  Anisotropie  und 
einer  zweiten  dielektrischen  Schicht  (6) 

in  aufeinanderfolgend  aufgestapelter  Form,  wobei  55 
der  aus  der  Speicherschicht  (3),  der  Zwischen- 
schicht  (4)  und  der  Aufzeichnungsschicht  (5)  beste- 
hende  Stapelfilm  eine  Gesamtdicke  von  1  00  nm  bis 
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