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Description 

BACKGROUND  OF  THE  INVENTION 

5  The  present  invention  relates  to  a  magnetooptical  recording  and  playback  method  for  high  density  record- 
ing. 

The  magnetooptical  recording  system  is  based  on  the  basic  principle  that  a  magnetic  thin  film  is  locally 
heated  to  a  temperature  exceeding  the  Curie  temperature  or  a  compensation  temperature  so  that  the  coercive 
force  of  the  heated  portion  is  decreased  and  so  that  the  magnetization  direction  thereof  is  reversed  in  the  di- 

10  rection  of  the  external  recording  magnetic  field.  Thus,  the  known  magnetooptical  recording  medium  is  con- 
structed  by  forming,  on  one  main  surface  of  a  transparent  base  made  of,  for  example,  polycarbonate  resin,  a 
recording  magnetic  layer  (for  example,  rare  earth  element-transition  metal  amorphous  alloy  thin  film)  having 
an  easy  axis  of  magnetization  perpendicular  to  the  film  surface  and  an  excellent  magnetooptical  effect,  a  re- 
flecting  layer  and  a  dielectric  layer  as  a  lamination  to  provide  a  recording  portion,  the  signal  recorded  on  the 

15  recording  portion  being  read  by  the  irradiation  of  laser  light  from  the  transparent  base  side. 
By  the  way,  the  recording  density  of  not  only  the  magnetooptical  recording  medium  but  also  the  optical 

disc  such  as  the  digital  audio  disc  (the  so-called  compact  disc)  and  the  video  disc  is  determined  chiefly  by  the 
S/N  ratio  upon  playback,  and  the  amount  of  played  back  signal  is  greatly  dependent  on  the  period  of  the  se- 
quence  of  pits  of  the  recorded  signal  and  on  the  laser  wavelength  and  the  numerical  aperture  of  the  objective 

20  lens  of  the  playback  optical  system. 
In  the  present  circumstances,  the  pit  period  f  of  the  detection  limit  is  determined  by  the  laser  wavelength 

X  of  the  playback  optical  system  and  the  numerical  aperture  N.A.  of  the  object  lens  thereof.  That  is, 
f  =  W2-N.A. 

On  the  other  hand,  the  track  density  is  limited  chiefly  by  the  crosstalk.  The  crosstalk  is  still  determined 
25  chiefly  by  the  distribution  (profile)  of  the  laser  beam  on  the  medium  and  can  be  expressed  substantially  by 

the  function  of  U2-N.A.  as  the  pit  period. 
Therefore,  in  orderto  realize  the  high-density  recording  on  the  conventional  optical  disc,  it  is  fundamentally 

necessary  to  reduce  the  laser  wavelength  X  of  the  playback  optical  system  and  increase  the  numerical  aperture 
N.A.  of  the  object  lens  thereof. 

30  However,  there  is  a  limit  in  the  improvement  of  the  laser  wavelength  and  the  numerical  aperture  of  object 
lens.  On  the  other  hand,  the  technique  for  improving  the  recording  density  by  devising  the  structure  of  the  re- 
cording  medium  and  the  method  of  reading  has  been  developed. 

For  example,  this  applicant  proposed  the  system  for  improving  the  reproduction  resolution  by  making  re- 
production  while  the  recorded  pits  (magnetic  domains)  are  being  magnified  or  extinguished  as  disclosed  in 

35  Japanese  Patent  Laid-open  Gazettes  Nos.  143041  and  143042/1989.  In  this  system,  a  recording  medium  of 
an  exchange-coupled  multilayer  film  including  a  playback  layer,  an  intermediate  layer  and  a  recording  layer  is 
used,  and  upon  playback,  the  magnetic  domains  of  the  playback  layer  are  magnified  or  extinguished  by  heating 
it  with  a  playback  light  beam,  so  that  the  intercode  interference  upon  reproduction  can  be  reduced,  thus  ena- 
bling  the  reproduction  of  the  signal  of  the  period  under  the  limit  of  light  diffraction. 

40  In  the  above  system,  however,  the  crosstalk  is  not  improved  as  in  the  normal  optical  disc  although  the  linear 
recording  density  is  improved,  and  thus  it  is  difficult  to  improve  the  track  density. 

In  the  above  system,  however,  the  resolution  of  recording  is  not  considered  although  the  resolution  of  play- 
back  is  improved. 

For  example,  in  the  light  power  modulation  system  in  which  the  laser  light  is  modulated  in  its  intensity  and 
45  forms  pits,  the  pits  of  the  size  substantially  equal  to  the  laser  beam  diameter  can  be  easily  formed,  but  smaller 

pits  for  higher  recording  density  are  not  formed  satisfactorily  by  the  fore  end  of  the  intensity  distribution  of  the 
laser  light  because  the  recording  power  is  difficult  to  control.  In  other  words,  in  the  optical  power  modulation 
recording,  the  laser  light  intensity  has  the  Gaussian  distribution,  and  considering  the  temperature  diffusion  of 
the  magnetooptical  recording  medium,  the  tolerance  of  the  laser  power  for  forming  small-diameter  magnetic 

50  domains  as  compared  with  the  beam  diameter  must  be  remarkably  narrowed. 
Moreover,  in  the  optical  power  modulation  system,  when  the  magnetic  domain  spacing  (pit  interval)  is  re- 

duced  for  increasing  the  density,  the  temperature  increase  of  the  medium  due  to  the  laser  light  irradiated  im- 
mediately  before  affects  the  recording  power  for  the  next  magnetic  domain.  In  otherwords,  when  random  data 
are  recorded,  the  optimum  value  of  the  recording  power  is  changed  by  the  pattern  thereof. 

55  Thus,  the  optical  modulation  system  has  a  limit  in  the  recording  density,  or  the  resolution  of  reproduction 
cannot  be  improved  despite  the  endeavor  to  the  improvement. 

The  known  recording  system  for  recording  signals  on  the  magnetooptical  recording  medium  includes  the 
light  power  modulation  system  and  the  magnetic  field  modulation  system.  Particularly,  the  magnetic  field  mod- 
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ulation  system  is  regarded  as  being  more  advantageous  in  that  the  so-called  over-write  (overlapped  writing) 
is  possible. 

When  a  signal  is  recorded  by  the  magnetic  field  modulation  system,  however,  the  shape  of  the  recorded 
magnetic  domains  normally  tends  to  be  like  an  arrow  feather  (or  crescent  shape)  because  the  boundary  line 

5  in  the  magnetizing  direction  is  determined  by  the  isothermal  line  when  the  recording  magnetic  layer  cools. 
When  the  domains  are  formed  in  such  a  shape,  the  carrier  is  reduced  and  the  jitter  increases,  resulting  in  the 
linear  density  being  limited,  as  the  signal  period  becomes  short. 

The  perpendicular  magnetic  recording  system  which  makes  recording  by  the  magnetic  head  is  advanta- 
geous  in  the  linear  recording  density  and  the  overwrite  characteristic,  and  the  shape  of  the  recorded  magnetic 

10  domains  can  be  made  substantially  rectangular.  In  this  case,  the  track  density  is  limited  by  the  restriction  of 
the  magnetic  head. 

A  new  recording  system  which  is  the  combination  of  the  magnetooptical  recording  system  and  the  perpen- 
dicular  magnetic  recording  system  was  reported  by  Otani  and  others  in  the  36th  applied  physics  related  joint 
lecture  meeting  (1a-2B-6).  In  this  recording  system,  the  magnetic  head  records  the  perpendicular  magnetiza- 

15  tion  film,  and  then  immediately  the  signal  in  the  vertical  magnetization  film  is  transferred  to  the  magnetic  re- 
cording  layer  by  the  light  beam  controlled  in  its  tracking.  Since  this  recording  is  substantially  the  magnetic  re- 
cording,  the  over  write  can  be  made  and  it  is  expected  to  have  the  track  density  and  linear  recording  density 
based  on  the  combination  of  the  advantages  of  the  magnetic  recording  and  optical  recording. 

A  magnetooptical  recording  system  is  disclosed  in  EP-A-0  291  248  and  also  in  ELECTRONICS,  vol.  59, 
20  no.  25,  June  1986,  p.  24,  25.  These  known  systems  include  a  recording  medium  with  a  recording  magnetic 

film  and  a  reproducing  magnetic  film.  In  a  write  mode,  a  magnetic  head  writes  data  magnetically  on  the  re- 
cording  magnetic  film,  and  in  a  transfer  mode,  a  laser  beam  heats  the  recording  medium  so  that  the  reproducing 
magnetic  film  looses  its  magnetic  property.  During  the  cooling  period  after  heating,  recorded  data  in  the  re- 
cording  magnetic  film  is  transferred  to  the  reproducing  magnetic  film  which  restores  its  magnetic  property. 

25  In  the  case  of  the  said  prior  art,  the  read-out  resolution  of  the  optical  medium  is  limited  by  the  wavelength 
of  the  laser  light  and  a  numerical  aperture  of  an  objective  leans,  so-called  "optical  cut-off. 

OBJECTS  AND  SUMMARY  OF  THE  INVENTION 

30  It  is  an  object  of  the  present  invention  to  provide  an  improved  magnetooptical  playback  method,  in  which 
linear  recording  density  and  track  density  are  increased. 

It  is  another  object  of  the  present  invention  to  provide  a  recording  method  on  a  magnetooptical  recording 
medium  with  increased  linear  recording  density  and  track  density. 

According  to  one  aspect  of  the  present  invention,  there  is  provided  a  method  for  playback  signal  from  a 
35  magnetooptical  recording  medium  which  comprises  the  steps  of, 

a)  preparing  a  magnetic  recording  medium  having  a  recording  hold  magnetic  layer  and  a  playback  magnetic 
layer  magnetically  coupled  with  each  other,  said  recording  hold  magnetic  layer  having  recording  informa- 
tion  in  said  layer  as  the  direction  of  magnetization, 
the  method  being  characterised  by 

40  b)  applying  an  initializing  external  magnetic  field  to  arrange  magnetization  of  said  playback  magnetic  layer 
in  one  direction  without  affecting  the  magnetization  in  said  recording  hold  magnetic  layer, 
c)  irradiating  a  focused  laser  light  to  said  magnetooptical  recording  medium  to  locally  heat  the  medium  and 
applying  an  auxiliary  external  magnetic  field  to  the  portion  where  the  laser  light  is  irradiated  to  cause  trans- 
fer  of  the  magnetization  in  said  recording  hold  magnetic  layer  to  said  playback  magnetic  layer  only  in  the 

45  range  of  the  diameter  of  the  focused  laser  light,  to  read  out  information  by  the  interaction  of  said  laser  light 
and  said  transferred  magnetization. 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

so  Fig.  1  is  an  enlarged  schematical  cross-sectional  diagram  of  one  embodiment  of  an  magnetooptical  re- 
cording  medium  used  in  the  method  of  this  invention,  Fig.  2  is  a  diagram  for  explaining  the  playback  operation, 
Fig.  3  is  a  diagram  to  which  reference  is  made  in  explaining  the  method  of  recording  and  playback  the  mag- 
netooptical  recording  medium,  Fig.  4  shows  the  transfer  magnetization  at  the  time  of  playback,  Fig.  5  shows 
a  temperature  distribution  of  the  medium  to  which  laser  light  is  irradiated,  Fig.  6  shows  a  temperature  charac- 

55  teristic  of  the  coercive  force  of  the  playback  magnetic  layer,  and  Fig.  7  shows  a  temperature  characteristic  of 
the  coercive  force  of  an  example  to  be  compared  with  the  former  characteristic. 

Fig.  8  is  a  diagram  showing  temperature  distribution  and  the  magnetization  state  of  the  magnetooptical 
recording  medium. 

3 
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Fig.  9  is  a  schematical  cross-sectional  diagram  of  an  example  of  the  magnetooptical  recording  medium 
using  magnetostatic  coupling. 

Fig.  10  is  a  schematical  cross-sectional  diagram  of  an  example  of  the  magnetooptical  recording  medium 
using  exchange  coupling,  Fig.  11  is  a  schematical  cross-sectional  diagram  of  another  example  of  the  magne- 

5  tooptical  recording  medium  using  exchange  coupling,  and  Fig.  12  is  a  schematical  cross-sectional  diagram  of 
still  another  example  of  the  magnetooptical  recording  medium  using  exchange  coupling. 

Fig.  1  3  is  a  graph  showing  the  laser  output  dependency  of  the  carrier  output  and  crosstalk  when  the  mag- 
netic  domains  are  reproduced  while  being  transferred  to  the  playback  magnetic  layer,  and  Fig.  14  is  a  graph 
showing  the  pit  period  dependency  of  the  C/N  when  the  magnetic  domains  are  played  back  while  being  trans- 

10  ferred,  together  with  that  upon  normal  playback  for  comparison  with  the  former. 
Fig.  15  is  an  enlarged  schematical  cross-sectional  diagram  of  a  main  part  of  the  magnetooptical  recording 

medium  of  the  invention. 
Fig.  16  is  a  schematical  plan  view  of  the  magnetic  domain  pattern  written  in  the  perpendicular  magnetic 

recording  layer  and  the  transfer  layer,  and  Fig.  17  is  a  schematical  diagram  showing  the  magnetized  state  at 
15  this  time. 

Fig.  18  is  a  schematical  diagram  showing  the  initially  magnetized  state  of  the  magnetooptical  recording 
layer,  Fig.  1  9  is  a  schematical  diagram  of  the  magnetic  domain  pattern  of  the  playback  magnetic  layer  at  this 
time. 

Fig.  20  is  a  characteristic  diagram  showing  the  temperature  profile  of  the  laser  spot  upon  reproduction, 
20  Fig.  21  is  a  schematical  diagram  showing  the  magnetized  state  of  the  magnetooptical  recording  layer  at  this 

time,  and  Fig.  22  is  a  schematical  diagram  of  the  magnetic  domain  pattern  of  the  playback  recording  layer. 
Fig.  23  is  a  characteristic  diagram  showing  the  recording  frequency  dependency  of  S/N  ratio  in  the  actually 

produced  magnetooptical  recording  medium  together  with  that  in  the  example  for  comparison. 
Fig.  24  is  a  cross-sectional  diagram  for  explaining  the  method  of  recording  on  the  magnetooptical  recording 

25  medium  wherein  the  playback  is  made  while  the  recorded  magnetic  domains  of  the  playback  layer  are  being 
deformed. 

Fig.  25  is  a  schematic  diagram  showing  the  inversion  timing  of  the  external  magnetic  field,  and  the  mag- 
netic  domain  pattern  formed  thereby,  and 

Fig.  26  is  a  graph  showing  the  relation  between  the  recording  power  and  C/N  in  the  case  of  the  magnetic 
30  field  modulation  recording. 

DESCRIPTION  OF  THE  PREFERRED  EMBODIMENTS 

According  to  this  invention,  as  illustrated  in  Fig.  1  which  is  a  enlarged  schematical  cross-sectional  diagram, 
35  a  magnetooptical  recording  medium  3  is  prepared  which  is  the  lamination  of  a  playback  magnetic  layer  1  and 

a  recording  hold  magnetic  layer  2  magnetostatically  or  exchange  coupled  thereto.  Playback  of  signal  from  the 
magnetooptical  recording  medium  3  is  explained  as  follows.  As  the  magnetization  direction  in  each  of  the  mag- 
netic  layers  1  and  2  is  indicated  by  the  arrow  in  Fig.  2,  the  playback  magnetic  layer  1  is  first  magnetized  in 
one  direction,  as  shown  by  the  region  I,  by  applying  an  upward  initializing  external  magnetic  field  Hi,  and  upon 

40  playback,  the  recorded  information  of  the  recording  hold  magnetic  layer  2  is  transferred  to  the  playback  mag- 
netic  layer  1  by  the  magnetostatic  field  from  the  recorded  magnetization  as  indicated  by  the  region  II  under 
the  heated  condition,  or  under  the  condition  in  which  it  is  irradiated  with  light,  for  example,  semiconductor  laser 
light  L.  Then,  the  magnetized  information  transferred  onto  the  playback  magnetic  layer  1  is  read  by  the  mag- 
netooptical  interaction,  or  Kerr  effect. 

45  In  this  case,  when  the  recorded  magnetization  of  the  recording  hold  magnetic  layer  2  is  transferred  onto 
the  playback  magnetic  layer  1  ,  a  transfer  auxiliary  magnetic  field  Hr  of  a  relatively  weak  intensity,  or  such  an 
intensity  as  not  to  cause  the  transfer  by  itself,  is  applied  to  the  portion  where  playback  light  L  is  irradiated  in 
the  opposite  direction  to  the  initializing  external  magnetic  field  Hi,  thereby  reinforcing  the  magnetostatic  field 
for  the  transfer  of  the  recorded  magnetization  of  the  recording  hold  magnetic  layer  2  onto  the  playback  magnetic 

so  layer  1  ,  to  assure  the  transfer. 
According  to  this  invention,  since  upon  playback  the  playback  magnetic  layer  1  is  once  initialized  to  align 

its  magnetization  in  one  direction,  the  information  magnetization  recorded  on  the  recording  hold  magnetic  layer 
2  at  the  specified  area  irradiated  with  the  playback  light  L  is  transferred  and  read,  the  information  can  be  read 
from  the  magnetization  transferred  from  the  specified  area  to  be  read  under  a  proper  selection  of  the  temper- 

55  ature  distribution  on  the  magnetic  recording  medium  3  irradiated  with  the  playback  light,  and  the  magnetic  char- 
acteristic  and  temperature  characteristic  of  each  of  the  recording  hold  magnetic  Iayer2  and  the  playback  mag- 
netic  layer  1  of  the  magnetic  recording  medium  3.  At  this  time,  no  transferred  magnetization'  can  be  formed 
on  the  adjacent  tracks  of  the  reproducing  magnetic  layer  1  ,  and  under  this  condition,  the  reproduction  is  made, 
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so  that  the  cross-talk  between  the  tracks  can  be  effectively  avoided,  thus  leading  to  super-high  density  re- 
cording  and  improvement  of  S/N  ratio. 

First,  one  example  of  the  magnetooptical  recording  medium  3  to  be  used  in  the  method  of  this  invention 
will  be  described  with  reference  to  Fig.  1.  In  this  example,  a  transparent  substrate  4  is  prepared  which  has  a 

5  high  transparency  to  light  of  the  wavelength  for  optical  recording  and  playback,  for  example,  semiconductor 
laser  light.  This  substrate  is,  for  example,  in  a  magnetooptical  disc,  made  of  glass  or  a  resin  such  as  polycar- 
bonate  resin  or  acrylic  resin.  On  the  substrate,  is  formed  a  dielectric  layer  5  which  is,  for  example,  made  of 
SiN  and  functions  to  enhance  Kerr  rotation  or  as  a  protective  film.  Then,  the  reproducing  magnetic  layer  1  ,  or 
a  first  perpendicular  magnetization  film  is  formed  on  the  dielectric  layer,  and  the  recording  hold  magnetic  layer 

10  2,  or  a  second  perpendicular  magnetization  film  is  formed  thereon  through  a  nonmagnetic  thin  film  6  made  of 
Si02  for  magnetostatic  coupling  to  the  playback  magnetic  layer  1  .  In  case,  the  playback  magnetic  layer  1  and 
the  recording  hold  magnetic  layer  2  are  exchange  coupled,  no  non-magnetic  thin  film  6  is  provided.  Also,  a 
protective  layer  7  made  of  an  ultraviolet  ray  cured  resin  is  deposited  on  the  magnetic  layer. 

On  the  magnetooptical  recording  medium  3  are  provided  magnetic  field  generating  means  11  and  12,  as 
15  shown  in  Fig.  2,  for  generating  external  magnetic  fields  Hi  and  Hr  in  the  thickness  direction  of  the  medium  3 

against  the  surface  of  the  medium  3.  To  be  concrete,  the  first  field  generating  means  11  generates  the  initial- 
izing  external  magnetic  field  Hi  and  applies  it  to  the  magnetooptical  recording  medium  3  in  the  thickness  di- 
rection  of  the  medium  3  so  that  the  field  can  be  applied  to  the  track  area  including  a  track  being  played-back 
and  for  example,  both  tracks  adjacent  to  that  track  by  the  time  when  it  is  irradiated  with  light  for  playback.  There- 

20  after,  the  second  magnetic  field  generating  means  12  generates  the  transfer  auxiliary  magnetic  field  Hr  op- 
posite  to  the  initializing  external  field,  and  applies  it  to  the  area  being  irradiated  with  light  for  playback.  In  other 
words,  when  the  magnetooptical  recording  medium  3  is  a  disk  shape,  the  first  magnetic  field  generating  means 
11  is  disposed  on  the  side  preceding  the  area  which  includes  the  track  being  played-back  and  which  is  to  be 
irradiated  with  playback  laser  light  L,  with  respect  to  the  rotation  direction  of  the  disc  indicated  by  the  arrow-a 

25  in  Fig.  3.  The  initializing  external  magnetic  field  Hi  is  applied  from  the  first  magnetic  field  generating  means 
11  to  the  area  which  it  faces,  and  the  transfer  auxiliary  magnetic  field  Hr  opposite  to  the  field  Hi  is  applied 
from  the  second  magnetic  field  generating  means  12  to  the  area  being  irradiated  with  playback  light  L.  The 
recording  of  information  on  the  optical  magnetic  recording  medium  3  is  made  as  usual.  For  example,  the  mag- 
netization  by  the  information  being  recorded,  or  magnetic  domains  based  on  the  information  are  formed  in  the 

30  recording  hold  magnetic  layer  2  by  the  usual  method.  In  other  words,  under  the  condition  that  for  example,  a 
necessary  external  bias  field  is  applied  to  that  portion,  semiconductor  laser  light  is  irradiated  in  accordance 
with  the  information  being  recorded,  to  that  portion,  so  that  the  magnetized  region  is  locally  magnetically  in- 
verted  to  record  the  information.  Alternatively,  the  magnetic  field  modulation  recording  method  is  used  to  make 
the  recording. 

35  Upon  playback,  the  region  to  be  read  is  passed  by  the  first  magnetic  field  generating  means  11,  so  that 
initial  magnetization  is  made  in  one  thickness  direction,  for  example,  in  the  upward  direction  as  indicated  in 
Fig.  2  by  the  region  I. 

In  this  case,  if  the  coercive  force  of  the  playback  magnetic  layer  1  is  represented  by  Hc1  ,  and  the  coercive 
force  of  the  recording  hold  magnetic  layer  2  by  Hc2,  the  following  condition  at  room  temperature  is  given: 

40  Hc1  <  Hi  <  Hc2  (1) 
Also,  when  the  temperature  of  the  magnetic  recording  medium  3  is  raised  by  the  irradiation  of  the  playback 
light  L,  the  following  condition  at  a  predetermined  temperature  Tth  is  given: 

Hr  +  Hs2  +  Hd1  =  Hc1  (2) 
When  the  temperature  T  satisfies  the  condition  of  T  >  Tth,  and  Hs2  is  in  the  same  direction  as  Hr,  the  following 

45  condition  is  satisfied: 
Hr  +  Hs2  +  Hd1  >  Hc1  (3a) 

When  Hs2  is  in  the  direction  opposite  to  Hr,  the  following  condition  is  satisfied: 
Hr  +  Hd1  <  Hc1  +  Hs2  (3b) 

where  Hs2  is  the  stray  magneticfield  derived  by  the  magnetization  of  the  recording  hold  magnetic  layer  2  which 
so  is  applied  to  the  playback  magnetic  layer  1  ,  or  the  static  magnetic  field  applied  to  the  playback  magnetic  layer 

1,  and  Hd1  is  the  demagnetizing  field  of  the  playback  magnetic  layer  1. 
Fig.  4  shows  the  magnetization  states  of  the  first,  second  and  third  adjacent  tracks  t1  ,  t2,  t3  of  the  magnetic 

recording  medium  3.  The  circle  indicated  by  reference  character  b  shows  the  irradiated  area  irradiated  with 
playback  light  L.  We  will  now  consider  the  playback  of  the  central  track  t2.  When  the  magnetic  recording  me- 

55  dium  3  is  moved  in  the  direction  indicated  by  the  arrow-a  in  Fig.  4,  or  from  left  to  right  in  the  figure,  the  first 
magneticfield  generating  means  11  applies  the  magnetic  field  Hi  so  that  the  playback  magnetic  layer  1  is  mag- 
netized  for  the  initialization  shown  in  Fig.  2  by  region  I  on  the  basis  of  the  condition  (1).  Thereafter,  the  playback 
light  L  advances  to  the  irradiated  area  b.  At  this  time,  the  magnetic  recording  medium  3  is  locally  increased  in 
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temperature  by  the  irradiation  of  playback  light  L,  or  for  example,  semiconductor  laser  light.  If  the  temperature 
is  raised  to  Tth  or  above,  the  magnetization  of  the  recording  hold  magnetic  layer  2  is  transferred  to  the  playback 
magnetic  layer  1  as  indicated  by  regions  II  and  III  in  Fig.  2  in  accordance  with  the  expression  (3a)  or  (3b)  de- 
pending  on  the  direction  of  the  recording  magnetization  in  the  recording  hold  magnetic  layer  2,  that  is,  in  ac- 

5  cordance  with  the  expression  (3a)  when  the  recording  magnetization  of  the  recording  hold  magnetic  layer  2  is 
in  the  same  direction  as  the  second  external  magnetic  field  Hror  in  accordance  with  the  expression  (3b)  when 
the  recording  magnetization  of  the  recording  hold  magnetic  layer  2  is  in  the  direction  opposite  to  the  field  Hr. 
In  other  words,  as  indicated  by  the  shaded  area  in  Fig.  4,  the  information  magnetization  of  the  recording  hold 
magnetic  layer  2  is  transferred  to  a  predetermined  site  on  one  side  of  the  spot  of  the  reproducing  light  L  on 

10  the  magnetic  recording  medium  3,  as  a  transferred  domain  d.  Fig.  8  shows  the  temperature  profile  and  mag- 
netization  condition  of  the  magnetooptical  recording  medium. 

The  information  is  read  by  the  magnetooptical  interaction  in  the  playback  magnetic  layer  1  ,  or  by  detecting 
the  Kerr  rotation  angle  of  the  irradiated  light  L. 

In  this  case,  Fig.  5  shows  the  temperature  distribution  of  the  medium  caused  by  the  laser  light  irradiation. 
15  In  Fig.  5,  the  abscissa  is  the  distance  x  in  the  track  width  direction  relative  to  the  origin,  or  the  center  of  the 

track  t2  being  played-back.  If  the  boundary  between  the  track  t2  and  a  track  adjacent  to  the  track  t2,  for  ex- 
ample,  t1  or  t3  is  represented  by  Xs,  the  temperature  Tth  is  fixed  in  the  range  from  the  center  of  the  track  to 
the  boundary  Xs  of  temperature  Ts.  Under  this  condition,  the  transferred  domain  d  indicated  by  the  shaded 
area  in  Fig.  4  is  caused  within  the  position  Xs. 

20  For  the  playback  of  the  magnetic  recording  medium  3,  only  the  information  transferred  to  the  playback  mag- 
netic  layer  1  ,  or  the  domain  is  read,  and  in  this  case,  the  playback  magnetic  layer  1  is  selected  to  absorb  much 
the  playback  light  L  and  to  be  thicker  than  a  certain  value  so  that  the  signal  on  the  recording  hold  magnetic 
layer  2  is  not  played-back.  When  the  playback  magnetic  layer  1  is,  for  example,  a  rare  earth-transition  metal 
amorphous  magnetic  film,  and  when  the  playback  light  is  semiconductor  laser  of  wavelength  780  nm,  the  thick- 

25  ness  is  selected  to  be  300  A  or  above. 
On  the  other  hand,  the  field  Hs2  from  the  recording  hold  magnetic  layer  2  is  desired  to  be  large  for  satisfying 

the  expressions  (3a),  (3b),  but  practically  the  Hs2,  or  the  stray  magnetic  field  from  the  recording  hold  magnetic 
layer  2  is  limited.  Thus,  for  satisfying  the  expression  (3b),  the  coercive  force  Hc1  of  the  playback  magnetic 
layer  1  is  preferably  small.  In  addition,  to  improve  playback  S/N  ratio,  the  playback  magnetic  layer  1  is  desired 

30  to  be  made  of  a  material  having  a  high  Curie  point  and  a  large  Kerr  rotation  angle.  To  this  end,  the  playback 
magnetic  layer  1  is  desired  to  be  made  of,  for  example,  a  material  of  Gd  Fe  Co  of  which  the  Curie  point  Tc1  is 
250°C  or  above  and  of  which  the  coercive  force  Hc1  is  500  (Oe)  or  below.  In  practice,  however,  when  the  relation 
of  the  coercive  force  Hc1  with  the  temperature  T,  of  this  kind  of  material  is  flat  as  for  example  shown  in  Fig.  7, 
the  predetermined  temperature  Tth  is  difficult  to  control.  Therefore,  such  a  material  as  to  have  a  relatively  high 

35  Hc1  at  around  room  temperature,  and  decrease  the  Hc1  suddenly  at  around  Tth  is  desired,  but  in  practice, 
such  material  is  difficult  to  be  found.  Thus,  the  playback  magnetic  layer  1  is  formed  by  exchange-coupling  and 
laminating  a  first  playback  magnetic  layer  having  the  Curie  point  at  around  Tth  and  a  relatively  large  coercive 
force  at  room  temperature  as  for  example  shown  in  Fig.  6  by  a  broken  line  61  ,  and  a  second  playback  magnetic 
layer  having  a  large  Kerr  rotation  angle  and  a  flat  temperature-coercive  characteristic  curve,  or  which  is  made 

40  of,  for  example,  Gd  Fe  Co,  as  indicated  by  a  broken  line  62,  so  that  the  total  characteristic  of  the  laminated 
playback  magnetic  layer  1  exhibits  a  high  coercive  force  at  room  temperature  and  a  low  coercive  force  at  around 
Tth  as  indicated  by  a  solid  curve  63  in  Fig.  6.  In  this  case,  the  second  playback  magnetic  layer  having  a  large 
Kerr  rotation  angle  is  formed  on  the  side  near  the  substrate  4  in  Fig.  1  . 

Moreover,  the  recording  hold  magnetic  layer  2  can  be  formed  of  a  Tb  Fe  Co  magnetic  thin  film  magnetic 
45  layer  having  a  large  coercive  force  Hc2  for  its  magnetization  not  to  be  changed  by  the  first  external  magnetic 

field  Hi  at  room  temperature,  and  a  relatively  high  Curie  point,  for  example,  200°C  for  no  deformation  at  around 
the  temperature  Tth.  In  this  case,  since  the  Hs2  is  desired  to  be  as  large  as  possible  upon  playback,  the  Fe 
Co  is  predominant  at  room  temperature,  or  the  transition  metal  sublattice  magnetization  predominant  film 
structure  is  desired  to  be  effected. 

50 
Example  1 

This  embodiment  employs  the  magnetostatic  coupling  between  the  recording  hold  magnetic  layer  and  the 
playback  magnetic  layer. 

55  The  magnetooptical  recording  medium  of  this  embodiment  is  produced  by  laminating,  on  a  transparent  sub- 
strate  111  formed  of  polycarbonate  resin,  glass  or  the  like  a  first  playback  magnetic  layer  112,  a  second  play- 
back  magnetic  layer  113,  and  a  recording  hold  magnetic  layer  114  through  dielectric  films  115,  116,  and  forming 
a  dielectric  film  117  as  the  outermost  layer  as  shown  in  Fig.  9.  The  dielectric  film  115,  116,  117  may  be  made 
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of  a  transparent  dielectric  material  such  as  silicon  nitride,  silicon  oxide  or  aluminum  nitride. 
The  first  playback  magnetic  layer  112  is  a  perpendicular  magnetization  film  having  a  high  value  of  Curie 

point  (for  example,  200°C  or  above),  a  large  Kerr  rotation  angle  and  a  coercive  force  of  several  hundreds  Oe 
or  below. 

5  The  second  playback  magnetic  layer  113  is  a  perpendicular  magnetization  film  having  a  large  perpendic- 
ular  magnetic  anisotropy,  a  low  value  of  Curie  point  (for  example,  200°C)  and  a  coercive  force  of  about  159,2 
KA/m  (2  kilooersted  (kOe))  at  room  temperature. 

These  first  playback  magnetic  layer  112  and  the  second  playback  magnetic  layer  113  are  exchange-cou- 
pled. 

10  The  two-layer  structure  of  the  playback  magnetic  layer  enables  the  temperature  dependency  of  its  mag- 
netization  inversion  magnetic  field  to  suddenly  change  at  a  certain  temperature,  and  the  inversion  magnetic 
field  to  be  reduced  to  as  low  as  about  1  00  Oe  at  the  Curie  point  of  the  second  reproducing  layer  1  1  3  or  above, 
thus  making  it  possible  to  stably  transfer  very  small  pits,  as  previously  explained  in  connection  with  Fig.  6. 

On  the  other  hand,  the  recording  hold  magnetic  layer  114  is  made  of  a  material  having  a  large  perpendicular 
15  magnetic  anisotropy  and  a  large  value  of  Curie  point  higher  than  that  of  the  second  playback  magnetic  layer 

113.  The  Curie  point  of  the  recording  hold  magnetic  layer  114  becomes  the  standard  for  setting  the  margin 
between  the  recording  and  playback  laser  light  outputs  and  is  required  to  be  50°C  or  above  higher  than  the 
Curie  point  of  the  second  playback  magnetic  layer  113. 

In  practice,  the  first  playback  magnetic  layer  112  is  made  of  GdFeCo,  the  second  playback  magnetic  layer 
20  113  is  made  of  TbFe,  and  the  recording  hold  magnetic  layer  114  is  made  of  TbFeCo,  particularly  the  Curie  point 

of  the  recording  hold  magnetic  layer  114  being  set  to  280°C,  the  coercive  force  being  set  to  1  0  kOe  or  above. 
When  this  magnetooptical  recording  medium  was  used,  the  the  signal  recorded  on  the  recording  hold  layer 

114  was  transferred  to  the  reproducing  layer  112  by  the  reproducing  light  upon  reproduction,  a  very  high  C/N 
ratio  was  obtained. 

25 
Example  2 

This  embodiment  employs  the  exchange  coupling  between  the  recording  hold  magnetic  layer  and  the  play- 
back  magnetic  layer. 

30  The  magnetooptical  recording  medium  employing  the  exchange  coupling  is  constructed  to  have  an  ex- 
change-coupled  two-layer  film  structure  (hereinafter,  referred  to  as  the  medium  A)  which  is  formed  of  a  play- 
back  magnetic  layer  121  and  a  recording  hold  magnetic  layer  122  as  shown  in  Fig.  10.  Moreover,  the  magne- 
tooptical  recording  medium  can  be  constructed  to  have  an  intermediate  layer  1  25  between  a  playback  magnetic 
layer  123  and  a  recording  hold  magnetic  layer  124  (hereinafter,  referred  to  as  the  medium  B)  as  shown  in  Fig. 

35  11,  or  to  have  a  laminate  of  a  two-layer  structure  comprising  a  first  playback  magnetic  layer  126  and  a  second 
playback  magnetic  layer  127  similar  to  the  first  embodiment,  an  intermediate  layer  128  and  a  recording  hold 
magnetic  layer  129  (hereinafter,  referred  to  as  the  medium  C)  as  shown  in  Fig.  12. 

In  the  medium  A,  to  satisfy  the  conditions  for  stable  transfer  of  domain,  the  playback  magnetic  layer  121 
and  the  recording  hold  magnetic  layer  122  must  be  made  thick,  and  there  is  a  fear  that  the  recording  and  erasing 

40  cannot  be  made  at  a  high  speed  because  of  limited  laser  power. 
Thus,  it  can  be  considered  that  the  thickness  of  each  layer  is  enabled  to  be  thin  by  interposing  intermediate 

layers  to  reduce  the  interfacial  magnetic  wall  energy  density.  However,  in  the  medium  B,  the  temperature  at 
which  the  equivalent  field  Hw1  due  to  the  exchange  force  equals  the  magnetic  domain  generating  field  Hn1 
of  the  playback  layer  is  very  sensitively  dependent  on  the  film  constituents,  film  thickness  and  so  on,  with  the 

45  result  that  the  irregular  surface  of  the  periphery  of  the  disc  tends  to  remarkably  affect  the  playback  operation, 
thus  increasing  noise  and  jitter. 

On  the  contrary,  in  the  medium  C,  the  first  playback  magnetic  layer  126  is  made  of  a  material  having  a 
large  value  of  Curie  point,  a  large  Kerr  rotation  angle,  and  a  small  coercive  force,  and  the  second  playback 
magnetic  layer  127  is  made  of  a  material  having  a  small  value  of  Curie  point  and  a  coercive  force  of  about  2 

so  kOe,  so  that  the  S/N  ratio  upon  playback  can  be  increased. 
The  inventors  produced  sample  discs  by  laminating  on  a  polycarbonate  resin  substrate,  a  dielectric  layer 

(80  nm  (800  A)  thick)  of  Si3N4,  a  first  playback  magnetic  layer  (30  nm  (300  A)  thick)  of  GdFeCo,  a  second  play- 
back  magnetic  layer  (15  nm  (150  A)  thick)  of  TbFe,  an  intermediate  layer  (10  nm  (100  A)  thick)  of  GdFeCo,  a 
recording  hold  magnetic  layer  (35  nm  (350  A)  thick)  of  TbFeCo  and  a  dielectric  layer  (80  nm  (800  A)  thick)  of 

55  Si3N4  in  turn  by  sputtering. 
Then,  a  carrier  signal  of  5  MHz  was  written  in  the  recording  hold  magnetic  layer  and  played-back  at  a  linear 

speed  of  5  m/sec,  and  at  a  playback  external  magnetic  field  Hr  of  398.1  02  A/m  (500  Oe),  and  the  laser  output 
dependency  of  the  carrier  and  noise  upon  playback  was  examined.  Also,  the  crosstalk  was  measured.  The 
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measurement  of  the  crosstalk  was  made  on  the  disc  in  which  grooves  of  0.8  nm  wide  were  formed  with  a  spacing 
of  0.8  nm  (thus,  lands  of  0.8  nm  wide  were  formed  between  the  grooves)  in  the  substrate  and  a  signal  of  4.8 
MHz  was  recorded  on  both  lands  and  grooves. 

The  result  of  the  measurement  is  shown  in  Fig.  13.  In  Fig.  13,  line  i  indicates  the  playback  output  of  the 
5  carrier,  line  ii  the  playback  output  of  noise,  and  line  iii  the  crosstalk. 

Why  no  carrier  is  observed  at  a  laser  output  of  1  .6  mW  or  below  is  that  at  this  power  the  medium  temper- 
ature  does  not  reach  the  temperature  necessary  to  cause  the  transfer  of  the  signal  from  the  recording  hold 
magnetic  layer  to  the  playback  magnetic  layer. 

On  the  contrary,  at  a  laser  output  of  2.0  mW  or  above,  the  carrier  is  suddenly  observed.  The  crosstalk  is 
10  almost  not  detected  at  a  laser  output  of  2.0  mW  or  below.  Therefore,  this  sample  disc,  under  the  laser  output 

of  2.0  mW  to  2.5  mW,  can  playback  the  recorded  signal  at  a  high  C/N  ratio  without  any  crosstalk. 
Thus,  in  order  to  confirm  the  excellency  in  the  playback  according  to  the  present  invention,  we  examined 

the  pit  period  dependency  of  C/N.  The  measurement  was  performed  at  a  linear  speed  of  5  m/sec,  a  playback 
magneticfield  of  398.102  A/m  (500  Oe),  a  laser  wavelength  of  780  nm  and  a  numerical  aperture  N.A.  of  object 

15  lens,  0.53.  The  result  of  the  measurement  is  shown  in  Fig.  14. 
In  Fig.  14,  a  curve  a  shows  the  characteristic  obtained  under  the  condition  that  the  playback  magnetic  layer 

was  initialized  by  the  external  magnetic  field  of  277.1  03  A/m  (3.5  kOe)  and  that  the  playback  was  made  at  a 
laser  output  of  2.8  mW  while  the  magnetic  domains  were  transferred,  and  a  curve  b  shows  the  characteristic 
obtained  under  the  condition  that  after  the  playback  was  once  made  under  the  same  conditions,  the  playback 

20  was  made  at  a  laser  output  1  .4  mW  without  initializing.  Thus,  the  curve  b  corresponds  to  the  C/N  obtained  upon 
normal  reproduction. 

From  Fig.  14,  it  will  be  understood  that  the  C/N  can  be  greatly  improved  by  the  method  of  this  invention. 
Next,  high  density  recording  method  will  be  explained,  which  corresponds  to  and  utilizes  the  advantage 

of  the  playback  method  explained  hereinbefore. 
25  According  to  this  invention,  a  recording  medium  is  employed  having  an  magnetooptical  recording  layer  and 

a  perpendicular  magnetization  magnetic  recording  layer  laminated  on  a  substrate,  the  magnetooptical  record- 
ing  layer  including  at  least  a  transfer  magnetic  layer  onto  which  a  recorded  signal  of  the  perpendicular  mag- 
netization  magnetic  recording  layer  is  transferred,  and  a  playback  magnetic  layer  which  is  magnetically  coupled 
to  the  transfer  magnetic  layer  at  room  temperature  and  converts  the  recorded  signal  into  an  optical  signal  by 

30  the  magnetooptical  effect,  the  coercive  force  Hc1  and  Curie  point  Tc1  of  the  perpendicular  magnetization  mag- 
netic  recording  layer  and  the  coercive  force  Hc2  and  Curie  point  Tc2  of  the  transfer  magnetic  layer  having  such 
relations  as  Tc2  <  Tc1  ,  Hc1  <  Hc2,  the  playback  magnetic  layer  being  magnetically  decoupled  from  the  transfer 
magnetic  layer  by  the  temperature  rise  due  to  laser  irradiation  upon  playback  so  that  the  recorded  magnetic 
domains  are  deformed. 

35  According  to  the  magnetooptical  recording  medium  used  in  this  invention,  the  recording  of  a  signal  is  made 
on  the  perpendicular  magnetization  magnetic  recording  layer  by  a  magnetic  head.  At  this  time,  since  the  co- 
ercive  force  Hc1  of  the  magnetic  recording  layer  is  smaller  than  the  coercive  force  Hc2of  the  transfer  magnetic 
layer,  the  transfer  magnetic  layer  is  not  influenced  by  the  magnetic  field  upon  recording  on  the  magnetic  re- 
cording  layer. 

40  The  signal  recorded  in  the  magnetic  recording  layer  is  transferred  to  the  transfer  magnetic  layer  by  irra- 
diating  laser  light  onto  the  transfer  magnetic  layer  provided  in  contact  with  the  perpendicular  magnetization 
magnetic  recording  layer  to  raise  the  temperature,  or  by  using  the  exchange  coupling  or  magnetostatic  coupling 
between  the  perpendicular  magnetization  magnetic  recording  layer  and  the  transfer  magnetic  layer.  The  linear 
recording  density  of  the  magnetic  domain  pattern  to  be  transferred  is  determined  by  that  upon  recording  by 

45  the  magnetic  head,  while  the  track  width  is  determined  by  the  spot  diameter  of  the  laser  light  to  be  irradiated. 
In  the  playback  magnetic  layer  magnetically  coupled  with  the  transfer  magnetic  layer,  too,  the  magnetization 
direction  is  changed  and  a  magnetic  domain  pattern  corresponding  to  that  on  the  transfer  magnetic  layer  is 
formed. 

Upon  playback,  when  laser  light  is  irradiated  on  the  playback  magnetic  layer,  the  magnetized  signal  re- 
50  corded  on  the  playback  magnetic  layer  is  converted  into  an  optical  signal  and  read  by  the  magnetooptical  effect 

(magnetic  Kerr  effect,  Farady  effect). 
At  this  time,  the  playback  magnetic  layer  and  the  transfer  magnetic  layer  are  magnetically  and  partially 

decoupled  from  each  other  by  the  temperature  distribution  within  the  laser  beam  diameter,  and  for  example, 
an  external  magnetic  field  is  applied  to  deform  the  magnetic  domains  of  the  magnetically  decoupled  portion 

55  (magnified,  reduced  or  inverted  depending  on  the  direction  of  the  external  magneticfield).  As  a  result,  the  mag- 
netic  domain  pattern  within  the  laser  beam  diameter  is  read  in  a  partially  masked  form,  so  that  even  the  signal 
formed  at  a  pitch  smaller  than  the  laser  beam  diameter  can  be  reproduced  at  a  high  S/N  ratio. 

An  embodiment  of  this  invention  will  be  described  with  reference  to  the  drawings. 

8 
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The  magnetooptical  recording  medium  of  this  embodiment  is  formed  of  an  magnetooptical  recording  layer 
210  having  a  playback  magnetic  layer  211  ,  an  intermediate  layer  212  and  a  transfer  magnetic  layer  213,  and 
a  perpendicular  magnetization  magnetic  recording  layer  220  laminated  on  a  transparent  substrate  201,  as 
shown  in  Fig.  15. 

5  The  perpendicular  magnetization  magnetic  recording  layer  220  may  be  made  of  any  material  if  it  has  the 
perpendicular  magnetic  anisotropy,  or  preferably  an  alloy  thin  film  of  CoCr,  PtCo,  PdCo,  TbFeCo,  or  TbFe.  The 
thickness  of  the  magnetic  recording  layer  20  may  be  10  nm  (100  A)  or  above,  and  normally  it  is  selected  in  the 
range  from  about  10  nm  (100  A)  to  30  nm  (300  A). 

On  the  other  hand,  the  playback  magnetic  layer  211,  intermediate  layer  212  and  transfer  magnetic  layer 
10  213  constituting  the  magnetooptical  recording  layer  210  are  also  the  perpendicular  magnetization  films.  Par- 

ticularly,  since  the  playback  magnetic  layer  211  is  required  to  convert  the  signal  in  the  form  of  direction  of  mag- 
netization  into  an  optical  signal  by  the  magnetooptical  effect,  a  magnetic  film  with  a  large  Kerr  rogation  angle 
or  a  large  Farady  rotation  angle  is  used,  and  in  this  case,  normally,  a  rare  earth  element-transition  metal  alloy 
film  is  used.  The  playback  magnetic  layer  211,  the  intermediate  layer  21  2  and  the  transfer  magnetic  layer  213 

15  are  preferably  magnetically  coupled  at  room  temperature  by  exchange  coupling,  and  thus,  the  intermediate 
layer  212  and  the  transfer  magnetic  layer  21  3  are  formed  of  the  same  rare  earth  element-transition  metal  alloy 
film  as  the  playback  magnetic  layer  211.  The  rare  earth  element-transition  metal  alloy  film  to  be  used  for  the 
playback  magnetic  layer  211,  intermediate  layer  212  and  transfer  magnetic  layer  213  may  be,  for  example, 
TbFeCo,  TbFe,  GdFeCo,  or  the  like  and  it  is  selected  to  meet  the  conditions  which  will  be  mentioned  later. 

20  Of  the  magnetooptical  recording  layer  210  of  the  above  structure,  the  thickness  of  the  playback  magnetic 
later  211  is  preferably  25  nm  (250  A)  or  above  considering  the  S/N  ratio  upon  playback.  The  thickness  of  the 
intermediate  layer  212  is  preferably  5  nm  (50  A)  or  above  from  the  standpoint  of  certainly  cutting  off  the  mag- 
netic  coupling  between  the  playback  magnetic  layer  211  and  the  transfer  magnetic  layer  213  upon  heating. 
The  thickness  of  the  transfer  magnetic  layer  213  is  preferably  10  nm  (100  A)  or  above  or  more  preferably  in 

25  the  range  from  20  (200)  to  50  nm  (500  A)  because  the  equivalent  magnetic  field  or  stray  field  due  to  the  ex- 
change  coupling  between  it  and  the  perpendicular  magnetization  magnetic  recording  layer  220  is  required  to 
be  smaller  than  the  coercive  force  of  the  transfer  magnetic  layer  213. 

The  magnetic  recording  Iayer220  and  the  transfer  magnetic  layer  21  3  are  required  to  be  exchange-coupled 
or  magnetostatically  coupled,  and  the  conditions,  Tc2  <  Tc1  ,  Hc1  <  Hc2  are  satisfied  where  Hc1  is  the  coercive 

30  force  of  the  perpendicular  magnetization  magnetic  recording  layer,  Tc1  is  the  Curie  point  thereof,  Hc2  is  the 
coercive  force  of  the  transfer  magnetic  layer,  and  Tc2  is  the  Curie  point  thereof. 

The  Curie  points  and  the  coercive  forces  of  the  playback  magnetic  Iayer211,  intermediate  layer  212  and 
transfer  magnetic  layer  213  of  the  magnetooptical  recording  layer  210,  Tea,  Tcb,  Tec  (=  Tc2),  Hca,  Hcb,  Hcc 
(=  Hc2),  are  selected  to  satisfy  the  conditions,  Tcb  >  Trt  (=  room  temperature),  and  Tcb  <  Tea,  Tec.  In  addition, 

35  the  coercive  force  Hca  of  the  playback  magnetic  layer  211  is  small  enough  at  near  the  Curie  point  Tcb  of  the 
intermediate  layer  212,  and  the  coercive  force  Hcc  of  the  transfer  magnetic  layer  213  is  much  larger  than  a 
predetermined  magneticfield  (magneticfield  applied  upon  playback)  necessary  in  the  temperature  range  from 
the  room  temperature  Trt  to  a  predetermined  temperature  Tpb  (the  temperature  to  be  raised  to  upon  playback) 
higher  than  the  Curie  point  Tcb  of  the  intermediate  layer  212. 

40  Adielectric  layer  may  be  formed  between  the  magnetooptical  recording  layer  210  and  the  transparent  sub- 
strate  201,  and  a  protective  film  or  the  like  may  be  formed  on  the  surface  of  the  magnetic  recording  layer  220, 
if  necessary,  although  the  illustration  will  be  omitted. 

The  principle  of  the  recording  and  playback  of  the  magnetooptical  recording  medium  of  the  above  structure 
will  be  mentioned  below. 

45  First,  upon  recording,  only  the  perpendicular  magnetization  magnetic  recording  layer  220  is  recorded  by 
a  magnetic  head  M  as  in  the  normal  perpendicular  magnetic  recording  system.  At  this  time,  the  transfer  mag- 
netic  layer  21  3  provided  in  contact  with  the  magnetic  recording  layer  220  is  prevented  from  being  affected  by 
the  recording  operation.  For  example,  the  coercive  force  Hc2  of  the  transfer  magnetic  layer  21  3  at  room  tem- 
perature  is  made  much  greater  than  the  magnetic  field  Hm  produced  from  the  magnetic  head  M,  or  Hc2  »  

so  Hm. 
Then,  the  signal  (magnetic  domain  pattern)  magnetically  recorded  on  the  magnetic  recording  layer  220  is 

transferred  to  the  transfer  magnetic  layer  213  by  irradiating  the  focused  laser  beam  to  the  transfer  magnetic 
layer  213. 

Figs.  16  and  17  schematically  show  the  above  operations.  In  Fig.  17,  only  the  magnetic  recording  layer 
55  220  and  the  transfer  magnetic  layer  21  3  are  shown,  but  the  intermediate  layer  212  and  the  playback  magnetic 

layer  211  are  not  shown.  In  Fig.  17,  the  arrows  in  the  magnetic  recording  layer  220  and  the  transfer  magnetic 
layer  213  indicate  the  direction  of  the  magnetization  or  the  atomic  magnetic  moment. 

When  the  magnetooptical  recording  medium  is  transported  in  the  arrow-X  direction,  a  magnetic  domain 
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pattern  P1  as  indicated  by  the  shaded  areas  in  Fig.  16,  is  formed  on  the  magnetic  recording  layer  220  by  the 
preceding  magnetic  head  M.  This  magnetic  domain  pattern  P1  has  a  wide  track  width  W1  corresponding  to 
the  magnetic  gap  width  of  the  magnetic  head  M,  a  high  linear  recording  density  and  a  rectangular  shape. 

When  the  focused  laser  beam  LB  is  irradiated  onto  the  transfer  magnetic  layer  213,  the  temperature  of 
5  the  transfer  magnetic  layer  21  3  is  raised,  suddenly  reducing  the  coercive  force,  so  that  the  magnetization  finally 

disappears.  Then,  because  the  transfer  magnetic  layer  21  3  is  magnetostatically  coupled  or  exchange-coupled 
with  the  magnetic  recording  layer  220,  the  signal  magnetically  recorded  in  the  magnetic  recording  layer  220 
is  transferred  in  the  cooling  process. 

If,  for  example,  the  transfer  magnetic  layer  21  3  and  the  magnetic  recording  layer  220  are  magnetostatically 
10  coupled,  the  magnetization  of  the  magnetic  recording  layer  220  produces  a  stray  magnetic  field.  Under  this 

condition,  when  the  laser  beam  is  irradiated  onto  the  transfer  magnetic  layer  213,  heating  it  to  near  the  Curie 
point  Tc2  of  the  transfer  magnetic  layer  213,  the  magnetization  direction  of  the  transfer  magnetic  layer  213  is 
changed  to  the  stray  magnetic  field  direction  in  the  cooling  process,  thus  the  signal  being  transferred.  At  this 
time,  since  the  Curie  point  Tc1  of  the  magnetic  recording  layer  220  satisfies  the  condition  Tc2  <  Tc1,  the  mag- 

15  netic  recording  layer  220  is  not  demagnetized  unless  the  temperature  rise  by  the  irradiation  of  the  laser  beam 
exceeds  the  Curie  point  Tel. 

Similarly,  when  the  magnetic  recording  layer  220  and  the  transfer  magnetic  layer  213  are  exchange-cou- 
pled,  the  signal  on  the  magnetic  recording  layer  220  is  transferred  to  the  transfer  magnetic  layer  213  for  the 
following  reason.  The  two  laminated  layers  originated  from  the  same  or  similar  ferromagnetism  are  exerted 

20  thereon  with  a  magnetic  force  when  the  atomic  magnetic  moments  (different  from  the  magnetization)  of  the 
layers  are  equally  in  a  particular  direction.  If  the  atomic  magnetic  moment  of  the  perpendicular  magnetic  re- 
cording  layer  220  is  oriented  upward  as  shown  in  Fig.  17,  the  atomic  magnetic  moment  of  the  transfer  magnetic 
layer  213  right  thereover  is  also  oriented  upward.  This  force  (exchange  force)  acts  equivalently  to  the  magnetic 
field.  Similarly  as  in  the  magnetostatically  coupled  case,  when  the  laser  beam  is  irradiated  onto  the  transfer 

25  magnetic  layer  21  3,  heating  it  to  near  the  Curie  point  Tc2  of  the  transfer  magnetic  layer  21  3,  the  atomic  mag- 
netic  moment  of  the  transfer  layer  21  3  is  oriented  in  the  direction  of  the  atomic  magnetic  moment  of  the  per- 
pendicular  magnetic  recording  layer  220  in  the  cooling  process,  thus  the  signal  being  transferred. 

Even  in  either  one  of  the  magnetostatic  coupling  and  the  exchange  coupling,  the  transfer  of  signal  is  made 
only  in  the  range  of  the  diameter  of  the  laser  beam,  and  thus,  a  magnetic  domain  pattern  P2  as  indicated  by 

30  the  black  areas  in  Fig.  16  is  formed  in  the  transfer  magnetic  layer  21  3.  This  magnetic  domain  pattern  is  formed 
not  only  in  the  transfer  magnetic  layer  213  but  also  in  the  intermediate  layer  212  and  the  playback  magnetic 
layer  211  which  are  magnetically  coupled  (exchange-coupled)  therewith,  at  the  same  time. 

The  track  width  W2  of  this  magnetic  domain  pattern  P2  is  determined  by  the  diameter  of  the  laser  beam 
LB,  and  the  shape  of  the  magnetic  domain  pattern  is  finely  rectangular.  This  isconstrasted  with  the  arrow  feath- 

35  er  shaped  magnetic  domain  pattern  recorded  by  the  conventional  magnetic  field  modulation  system. 
Thus,  as  to  the  recording  density  on  the  magnetooptical  recording  medium  of  this  embodiment,  the  linear 

recording  density  upon  writing  is  determined  by  the  magnetic  head,  and  the  track  density  by  the  temperature 
profile  at  the  time  of  irradiation  of  the  focused  light  beam.  From  the  standpoint  of  playback,  the  linear  recording 
density  is  determined  substantially  by  the  wavelength  of  the  laser  beam  and  the  numerical  aperture  of  lens, 

40  and  the  track  density  by  the  crosstalk.  If  the  linear  recording  density  at  which  writing  can  be  made  by  the  mag- 
netic  head  is  compared  with  that  at  which  playback  can  be  made  by  the  laser  beam,  in  the  actual  circumstances 
the  latter  playback  performance  is  poor  and  thus  to  substantially  improve  the  recording  density  it  is  necessary 
to  improve  this. 

Thus,  upon  playback,  the  magnetic  domain  pattern  recorded  in  the  playback  magnetic  layer  211  is  de- 
45  formed  to  reduce  the  apparent  space  frequency  of  the  recorded  pits,  thus  improving  the  recording  density. 

The  basic  principle  for  the  reproduction  will  be  mentioned  below,  which  is  similar  to  the  method  described  pre- 
viously. 

It  will  be  now  assumed  that  as  shown  in  Figs.  18  and  19  a  certain  magnetic  signal  is  transferred  to  the 
playback  magnetic  layer  211,  intermediate  layer  212  and  transfer  magnetic  layer  213  to  form  a  magnetic  do- 

50  main  pattern  thereon.  In  Fig.  18,  the  perpendicular  magnetic  recording  layer  220  is  not  shown,  and  in  Fig.  19, 
the  magnetized  regions  in  the  upward  direction  are  indicated  by  black. 

When  the  signal  is  tried  to  read  by  the  laser  beam  LB  of  which  the  diameter  is  larger  than  the  pitch  of  the 
recorded  pits  (magnetic  domain  pattern),  the  beam  spot  includes  a  plurality  of  recorded  pits,  and  therefore 
cannot  read  separately  on  the  magnetooptical  recording  medium  in  the  prior  art. 

55  According  to  the  magnetooptical  recording  medium  of  this  embodiment,  however,  since  the  magnetic  re- 
cording  medium  210  is  formed  of  a  multilayer  having  the  playback  magnetic  layer  211,  intermediate  layer  212 
and  transfer  layer  21  3,  the  magnetic  domain  pattern  of  the  playback  magnetic  layer  211  can  be  deformed,  and 
thus  the  respective  recorded  pits  can  be  read  at  a  high  S/N  ratio  even  if  the  beam  diameter  is  larger  than  the 
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pitch  of  the  recorded  pits. 
First,  when  the  laser  beam  LB  is  irradiated  on  the  magnetooptical  recording  layer  210  formed  of  the  mul- 

tilayer,  a  temperature  distribution  occurs  within  the  beam  diameter  so  that  as  shown  in  Fig.  20,  the  front  side 
area  (shaded  area)  of  the  laser  beam  spot  relative  to  the  medium  transport  direction  becomes  higher  in  tem- 

5  perature. 
At  this  time,  if  the  temperature  Tpb  of  the  shaded  area  is  above  the  Curie  point  of  the  intermediate  layer 

212,  the  intermediate  layer  is  demagnetized  so  that  the  magnetic  coupling  (exchange  coupling)  between  the 
playback  magnetic  layer  211  and  the  transfer  magnetic  layer  213  is  broken. 

Under  this  condition,  when  the  external  magnetic  field  Hpb  stronger  than  the  coercive  force  Hca  of  the 
10  playback  magnetic  layer  211  is  applied,  the  magnetization  of  the  playback  magnetic  layer  211  at  the  shaded 

region  is  inverted  into  the  same  direction  as  the  external  magneticfield  Hpb  (here  the  downward  direction)  as 
shown  in  Fig.  21.  On  the  other  hand,  in  the  area  other  than  the  shaded  region,  or  the  low-temperature  region, 
the  playback  magnetic  layer  211  and  the  transfer  magnetic  layer  213  are  still  magnetically  coupled,  and  thus 
the  magnetic  domain  pattern  transferred  onto  the  transfer  layer  213  remains  as  it  is. 

15  Therefore,  as  shown  in  Fig.  22,  the  shaded  region  of  the  beam  spot  is  brought  to  such  a  condition  as  it 
were  masked,  or  such  a  condition  that  the  magnetic  domain  pattern  recorded  in  this  region  is  apparently  erased 
and  as  if  a  single  magnetic  domain  pattern  were  present  within  the  beam  spot.  In  other  words,  the  spatial  fre- 
quency  of  the  recorded  pits  as  viewed  from  the  playback  light  upon  playback  seems  to  be  lower  than  the  actual 
value,  and  the  absolute  value  MTF  (modulation  transfer  function)  of  the  optical  transfer  function  (OTF)  increas- 

20  es,  resulting  in  the  improvement  of  the  playback  resolution.  In  this  method,  upon  playback  the  condition  of  MTF 
>  0  can  be  satisfied  for  the  pit  sequence  of  the  spatial  frequency,  v  >  2  N.A.M.  (where  N.A.  is  the  numerical 
aperture  of  the  object  lens,  and  X  is  the  wavelength  of  the  laser  beam)  and  thus  the  signal  detection  is  possible. 

If  the  coercive  force  Hcc  of  the  transfer  layer  21  3  is  selected  to  be  larger  than  the  intensity  of  the  external 
magnetic  field  Hpb,  the  magnetization  (magnetic  domain  pattern)  of  the  transfer  layer  21  3  is  never  changed 

25  by  the  application  of  the  external  magnetic  field  Hpb. 
Moreover,  when  upon  cooling,  the  exchange  force  is  again  exerted  at  the  temperature  T  =  Tcb,  to  satisfy 

the  following  conditions,  the  magnetization  pattern  on  the  transfer  layer  21  3  is  transferred  to  the  intermediate 
layer  212  and  the  playback  magnetic  layer  211,  thus  the  same  condition  as  before  playback  being  brought 
about. 

30  That  is,  when  T   ̂ Tcb  -  AT, 
2  Msa  Hca  ha  +  2  Msa  Hpb  ha  <  ctw 
2  Msc  Hcc  he  +  2  Msc  Hpb  he  <  ctw 

where  the  film  thickness  of  the  intermediate  layer  212  can  be  neglected  as  compared  with  the  width  of  the 
interfacial  magnetic  wall  caused  between  the  transfer  layer  213  and  the  playback  magnetic  layer  211  ,  Msa  is 

35  the  saturated  magnetization  of  the  playback  magnetic  layer  211  ,  ha  is  the  film  thickness  of  the  playback  mag- 
netic  layer  211,  Msc  is  the  saturated  magnetization  of  the  transfer  layer  213,  he  is  the  film  thickness  of  the 
transfer  layer  213,  and  ctw  is  the  interfacial  magnetic  wall  energy  (erg/cm2). 

The  above  expressions  are  examples  of  conditions  forthe  case  in  which  the  same  sublattice  magnetization 
is  predominant  even  if  the  playback  magnetic  layer  211  and  the  transfer  layer  213  are  of  a  ferromagnetic  ma- 

40  terial  orferrimagnetic  material. 
So  far,  description  has  been  made  of  the  reading  method  for  playback  while  the  recording  magnetic  domain 

of  the  playback  magnetic  layer  211  is  being  inverted  by  the  external  magneticfield  in  an  example  in  which  the 
same  sublattice  magnetization  is  predominant  even  if  the  playback  magnetic  layer  211  and  the  transfer  layer 
213  are  of  a  ferromagnetic  material  or  a  ferrimagnetic  material.  If  the  playback  magnetic  layer  211,  the  inter- 

45  mediate  layer  212  and  the  transfer  layer  21  3  constituting  the  magnetooptical  recording  layer  210  are  of  a  rare 
earth  element-transition  metal  magnetic  film,  and  if  the  sublattice  magnetization  of  the  transition  metal  and 
that  of  the  rare  earth  element  have  opposite  direction,  the  direction  of  the  external  magnetic  field  Hpb  to  be 
applied  upon  playback  is  selected  depending  of  whether  each  layer  is  the  predominant  film  for  the  transition 
metal  sublattice  magnetization,  or  for  rare  earth  element  sublattice  magnetization,  thereby  enabling  the  mag- 

so  netic  domain  pattern  to  invert,  reduce  or  magnify,  so  that  the  apparent  spatial  frequency  can  be  suppressed 
and  that  the  playback  resolution  can  be  improved,  as  in  the  above  embodiment. 

The  result  of  the  evaluation  of  the  recording  and  reproducing  characteristics  of  the  actually  produced  sam- 
ple  disc  will  be  given  below. 

55  Example  3 

On  a  glass  base  having  track  grooves  of  1  .6  in  track  pitch,  is  formed  a  dielectric  film  of  silicon  nitride, 
and  on  this  film  is  further  formed  a  lamination  of  a  playback  magnetic  layer  of  GdFeCo,  an  intermediate  layer 
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of  TbFe  and  a  transfer  magnetic  layer  of  TbFeCo.  On  this  laminated  layer,  is  formed  a  perpendicular  magnetic 
recording  layer  of  TbFeCo.  Each  layer  was  formed  by  sequencial  sputtering  of  a  high-frequency  magnetron 
sputtering  apparatus. 

The  thickness,  Curie  point  and  magnetic  characteristics  (coercive  force)  of  each  layer  are  listed  on  Table 
5  1. 

T a b l e   1 

. . . . . .   T h i c k n e s s   C u r i e   
c o e r c i v e  M a t e r i a l   .  p o i n t   "  

(A)  *  f o r c e   (Oe )  

P l a y b a c k  
m a g n e t i c   GdFeCo  250  >400  1 5 0  
l a y e r  

I n t e r -  
m e d i a t e   TbFe  50  130  1 0 0 0 0  
l a y e r  

T r a n s f e r   TbFeCo  600  250  1 8 0 0 0  
l a y e r  

P e r p e n -  
d i c u l a r  
m a g n e t i c   TbFeCo  500  >300  7 0 0  
r e c o r d i n g  
l a y e r  

Example  for  comparison 

40  An  magnetooptical  recording  layer  and  a  perpendicular  magnetic  recording  layer  of  a  single  layer  each  are 
laminated  on  a  glass  plate  similar  to  that  in  the  above  Example  3.  The  film  thickness,  Curie  point  and  magnetic 
characteristic  (coercive  force)  of  each  layer  are  listed  on  Table  2. 
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T a b l e   2 

5  F i l m   C u r i e  
w i . - T i . w - .   •  i.  C o e r c i v e  
M a t e r i a l   t h i c k n e s s   p o i n t   ,  % 

(A)  <oC,  
f o r c e   ( 0 e )  

10  M a g n e t o -  
o p t i c a l   TbFeCo  600  250  1 8 0 0 0  
l a y e r  

15  P e r p e n -  
d i c u l a r  
m a g n e t i c   TbFeCo  500  >300  7 0 0  
r e c o r d i n g  

20  l a y e r  

Asignal  is  recorded  on  the  samples  of  the  Example  3  and  the  example  for  comparison  by  a  magnetic  head, 
transferred  by  an  optical  pickup,  and  reproduced,  and  the  recording  frequency  dependency  of  the  signal-to- 

25  noise  ratio  (N/S)  is  examined  for  these  samples.  The  result  is  shown  in  Fig.  23. 
In  this  experiment,  the  numerical  aperture,  N.A.  of  the  object  lens  of  the  pickup  used  upon  playback  is 

0.50,  the  laser  wavelength  is  780  nm,  the  linear  speed  is  7.5  m/sec,  and  the  external  magneticfield  of  400  Oe 
is  applied  upon  playback. 

As  a  result,  a  great  difference  is  found  particularly  in  the  high  frequency  region  between  the  embodiment 
30  and  the  example  for  comparison. 

Another  method  for  recording  and  playback  will  be  explained  with  reference  to  Figs.  24  and  25,  in  which 
magnetooptical  recording  medium  having  a  transparent  substrate  301,  playback  magnetic  layer  302  an  inter- 
mediate  layer  303,  and  recording  hold  magnetic  layer  304,  similar  to  shown  in  Fig.  15  without  perpendicular 
magnetization  magnetic  recording  layer  220. 

35  As  shown  in  Fig.  24,  signal  is  recorded  on  the  magnetooptical  recording  medium  300  by  applying  magnetic 
field  by  a  magnet  M  which  generates  a  signal  magnetic  field  modulated  according  to  the  signal  to  be  recorded, 
at  a  portion  of  the  recording  medium  where  a  laser  light  beam  LB  is  irradiated. 

In  the  magnetic  field  modulation  recording,  the  recording  layer  is  irradiated  with  laser  light  so  that  it  is  heat- 
ed  to  the  Curie  point  or  a  compensation  point  temperature  or  above,  and  under  this  state,  the  external  magnetic 

40  field  is  applied  with  its  polarity  inverted  in  accordance  with  the  recorded  signal.  In  the  magneticfield  modulation 
recording,  the  pit  length  is  controlled  by  the  external  magnetic  field  and  is  never  affected  by  the  intensity  dis- 
tribution  of  the  laser  light. 

Fig.  25  is  a  diagram  schematically  showing  the  shape  of  the  recorded  magnetic  domains  which  are  formed 
when  the  polarity  of  the  external  magnetic  field  is  inverted  with  the  laser  output  kept  constant.  The  recorded 

45  magnetic  domain  P1  becomes  like  a  circular  arc  because  of  the  temperature  rise  profile  by  the  laser  light,  and 
the  boundary  in  the  direction  in  which  the  medium  is  moved  coincides  with  the  timing  of  the  inversion  of  the 
external  magnetic  field.  The  linear  density  of  the  recorded  magnetic  domains  (recording  density  along  the  re- 
corded  track)  is  determined  by  the  inversion  frequency  of  the  external  magnetic  field. 

Therefore,  the  magnetooptical  recording  medium  having  at  least  a  playback  magnetic  layer  and  a  recording 
50  layer  is  recorded  by  the  magnetic  field  modulation  recording  and  upon  playback  the  magnetized  state  of  the 

playback  magnetic  layer  is  changed  while  the  pits  are  deformed  or  transferred.  This  feature  can  improve  the 
recording  density  and  make  the  playback  resolution  maintained  high,  thus  enabling  high  density  recording. 

Principle  of  the  playback  from  the  magnetooptical  recording  medium  is  the  same  as  explained  hereinbe- 
fore. 

55 
Example  4 

We  evaluated  the  recording  and  reproduction  characteristics  of  the  actually  produced  sample  discs.  The 
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result  will  be  shown. 
The  produced  sample  disc  was  a  lamination  having  formed  on  a  glass  2P  substrate  a  Si3N4  layer,  a  GdFeCo 

layer,  a  TbFe  layer,  a  TbFeCo  layer  and  a  Si3N4  layer  in  turn.  The  Si3N4  layers  were  800  A  thick  respectively, 
the  GdFeCo  layer  was  300  A  thick,  the  TbFe  layer  was  150  A  thick,  and  the  TbFeCo  layer  was  550  A  thick. 

5  In  the  above  sample  disc,  the  GdFeCo  layer  corresponds  to  the  playback  magnetic  layer,  the  TbFe  layer 
to  the  intermediate  layer,  and  the  TbFeCo  layer  to  the  recording  hold  magnetic  layer. 

The  recording  was  made  by  the  magneticfield  modulation  on  the  sample  disc  of  such  structure.  The  laser 
wavelength  was  780  nm,  and  the  numerical  aperture  N.A.  of  the  object  lens  was  0.53. 

The  recording  linear  speed  was  5  m/sec.  The  magnetic  field  modulation  recording  was  made  not  in  the 
10  over-writing  manner  but  after  the  complete  erasing.  The  playback  was  made  at  a  linear  speed  of  8  m/sec,  a 

reproduction  power  of  3  mW,  and  a  playback  external  field  of  400  Oe.  In  this  case,  the  recording  magnetic 
domains  of  the  GdFeCo  layer  as  the  playback  magnetic  layer  were  deformed  while  the  playback  was  being 
made. 

The  relation  between  the  recording  power  and  C/N  is  shown  in  Fig.  26.  Fig.  26  shows  the  relation  between 
15  the  recording  power  and  C/N  for  the  magneticfield  modulation  recording.  The  measured  results  are  shown  for 

each  mark  length  (1/2  of  the  center-to-center  distance  of  recorded  pits)  of  0.31  nm  (curve  A),  0.41  nm  (curve 
B)  and  0.52  nm  (curve  C). 

According  to  this  invention,  the  magnetization  according  to  the  recording,  or  information  is  made  on  the 
recording  hold  magnetic  layer  2,  and  is  read  by  the  Kerr  effect  in  the  playback  magnetic  layer  1  .  Upon  playback, 

20  the  playback  magnetic  layer  1  is  initialized  by  the  initializing  magnetic  field  Hi,  and  under  this  condition,  or  in 
the  direction  in  which  it  is  magnetized  in  one  direction,  the  magnetic  layer  is  locally  raised  to  a  predetermined 
temperature  by  the  playback  light  irradiation,  so  that  the  magnetization  on  the  recording  hold  magnetic  layer 
2  is  transferred  only  for  the  temperature-raised  portion  to  produce  the  information  magnetization,  from  which 
the  information  is  read.  Therefore,  in  addition  to  the  improvement  of  the  linear  density  the  cross-talk  between 

25  the  adjacent  tracks  in  the  track  width  direction  can  be  effectively  prevented  from  occurring,  and  thus  the  re- 
cording  density  and  the  S/N  ratio  can  be  improved. 

Further  upon  recording  signal  on  the  magnetooptical  recording  medium,  both  linear  and  track  densities 
can  be  increased  with  improved  domain  shape. 

30 
Claims 

1.  A  method  for  playback  signal  from  a  magnetooptical  recording  medium  comprising  the  steps  of, 
a)  preparing  a  magnetic  recording  medium  (3)  having  a  recording  hold  magnetic  layer(2)  and  a  playback 

35  magnetic  layer  (1)  magnetically  coupled  with  each  other,  said  recording  hold  magnetic  layer  (2)  having 
recording  information  in  said  layer  as  the  direction  of  magnetization, 
the  method  being  characterised  by 
b)  applying  an  initializing  external  magnetic  field  (Hi)  to  arrange  magnetization  of  said  playback  mag- 
netic  layer  (1)  in  one  direction  without  affecting  the  magnetization  in  said  recording  hold  magnetic  layer 

40  (2),  and 
c)  irradiating  a  focused  laser  light  (L)  to  said  magnetooptical  recording  medium  (3)  to  locally  heat  the 
medium  and  applying  an  auxiliary  external  magnetic  field  (Hr)  to  the  portion  where  the  laser  light  is 
irradiated  to  cause  transfer  of  the  magnetization  in  said  recording  hold  magnetic  layer  (2)  to  said  play- 
back  magnetic  layer  (1)  only  in  the  range  of  the  diameter  of  the  focused  laser  light  (L),  to  read  out  in- 

45  formation  by  the  interaction  of  said  laser  light  and  said  transferred  magnetization. 

2.  A  method  according  to  claim  1,  wherein  said  recording  hold  magnetic  layer  (2)  and  said  playback  magnetic 
layer  (1)  are  magneto  stably  coupled. 

50  3.  A  method  according  to  claim  1,  wherein  said  recording  hold  magnetic  layer  (2)  and  said  playback  magnetic 
layer  (1)  are  exchange  coupled  through  an  intermediate  magnetic  layer  (125). 

4.  A  method  according  to  claim  1,  wherein  said  magnetooptical  recording  medium  (3)  is  recorded  by  applying 
magnetic  field  modulated  according  to  information  signal  to  be  recorded  while  being  irradiated  by  a  laser 

5.  A  method  according  to  claim  1,  wherein  said  magnetooptical  recording  medium  (3)  further  comprises  a 
perpendicular  magnetization  magnetic  recording  layer  (220)  adjacently  provided  to  said  recording  hold 
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magnetic  layer  (213)  to  which  signal  is  recorded  by  use  of  a  magnetic  head  and  recorded  signal  on  said 
perpendicular  magnetization  magnetic  recording  layer  (220)  is  magnetically  transferred  to  said  recording 
hold  magnetic  layer  (213)  by  irradiating  a  laser  light  (L)  to  said  medium  (3). 

Patentanspruche 

1  .  Verfahren  zum  Abspielen  eines  Signals  von  einem  magnetooptischen  Aufzeichnungsmedium,  mit  den  fol- 
genden  Schritten: 

a)  Bereitstellen  eines  magnetischen  Aufzeichnungsmediums  (3)  mit  einer  magnetischen 
Aufzeichnungshalteschicht  (2)  und  einer  magnetischen  Abspielschicht  (1),  die  magnetisch  miteinander 
gekoppelt  sind,  wobei  die  magnetische  Aufzeichnungshalteschicht  (2)  in  der  Schicht  in  Form  der  Ma- 
gnetisierungsrichtung  aufgezeichnete  Information  enthalt; 
gekennzeichnet  durch  folgende  Schritte: 
b)  Anlegen  eines  initial  isierenden  Magnetfelds  (Hi),  urn  die  Magnetisierung  der  magnetischen  Abspiel- 
schicht  (1)  in  einer  Richtung  auszurichten,  ohne  die  Magnetisierung  in  der  magnetischen 
Aufzeichnungshalteschicht  (2)  zu  beeinflussen;  und 
c)  Aufstrahlen  fokussierten  Laserlichts  (L)  auf  das  magnetooptische  Aufzeichnungsmedium  (3),  urn  das 
Medium  ortlich  zu  erhitzen,  und  Anlegen  eines  externen  Hilfsmagnetfelds  (Hr)  an  denjenigen  Bereich, 
in  den  das  Laserlicht  eingestrahlt  wird,  urn  eine  Ubertragung  der  Magnetisierung  in  der  magnetischen 
Aufzeichnungshalteschicht  (2)  an  die  magnetische  Abspielschicht  (1)  nur  im  Bereich  des  Durchmes- 
sers  des  fokussierten  Laserlichts  (L)  zu  bewirken,  urn  Information  durch  Wechselwirkung  zwischen 
dem  Laserlicht  und  der  ubertragenen  Magnetisierung  auszulesen. 

2.  Verfahren  nach  Anspruch  1,  bei  dem  die  magnetische  Aufzeichnungshalteschicht  (2)  und  die  magnetische 
Abspielschicht  (1)  magnetisch  stabil  gekoppelt  sind. 

3.  Verfahren  nach  Anspruch  1,  bei  dem  die  magnetische  Aufzeichnungshalteschicht  (2)  und  die  magnetische 
Abspielschicht  (1)  ubereine  magnetische  Zwischenschicht  (125)  austauschgekoppelt  sind. 

4.  Verfahren  nach  Anspruch  1,  bei  dem  das  magnetooptische  Aufzeichnungsmedium  (3)  dadurch  bespielt 
wird,  dali  ein  gemali  dem  aufzuzeichnenden  Informationssignal  moduliertes  Magnetfeld  angelegt  wird, 
wahrend  es  durch  Laserlicht  beleuchtet  wird. 

5.  Verfahren  nach  Anspruch  1,  bei  dem  das  magnetooptische  Aufzeichnungsmedium  (3)fernereine  magne- 
tische  Aufzeichnungsschicht  (220)  mit  rechtwinkliger  Magnetisierung  angrenzend  an  die  magnetische 
Aufzeichnungshalteschicht  (213)  aufweist,  in  der  ein  Signal  unter  Verwendung  eines  Magnetkopfs  auf- 
gezeichnetwird,  und  bei  dem  das  in  der  magnetischen  Aufzeichnungsschicht  (220)  mit  rechtwinkliger  Ma- 
gnetisierung  aufgezeichnete  Signal  magnetisch  wahrend  Aufstrahlung  von  Laserlicht  (L)  auf  das  Medium 
(3)  an  die  magnetische  Aufzeichnungshalteschicht  (213)  ubertragen  wird. 

Revendications 

1.  Precede  de  lecture  d'un  signal  sur  un  support  d'enregistrement  magneto-optique,  comprenant  les  etapes 
de  : 

a)  preparation  d'un  support  d'enregistrement  magnetique  (3)  comportant  une  couche  magnetique  de 
maintien  d'enregistrement  (2)  et  une  couche  magnetique  de  lecture  (1)  couplees  magnetiquement  I'une 
a  I'autre,  ladite  couche  magnetique  de  maintien  d'enregistrement  (2)  comportant  une  information  d'en- 
registrement  dans  ladite  couche  en  tant  que  direction  de  magnetisation, 
le  procede  etant  caracterise  par  : 
b)  I'application  d'un  champ  magnetique  externe  d'initialisation  (Hi)  pour  imprimer  la  magnetisation  de 
ladite  couche  magnetique  de  lecture  (1)  suivant  une  certaine  direction  sans  affecter  la  magnetisation 
dans  ladite  couche  magnetique  de  maintien  d'enregistrement  (2)  ;  et  par 
c)  I'irradiation  d'une  lumiere  laser  focal  isee  (L)  surledit  support  d'enregistrement  magneto-optique  (3) 
afin  de  chauffer  localement  le  support  et  par  I'application  d'un  champ  magnetique  externe  auxiliaire 
(Hr)  a  la  partie  au  niveau  de  laquelle  la  lumiere  laser  est  irradiee  pour  provoquer  le  transfert  de  la  ma- 
gnetisation  dans  ladite  couche  magnetique  de  maintien  d'enregistrement  (2)  a  ladite  couche  magne- 
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tique  de  lecture  (1)  seulement  dans  la  plage  du  diametre  de  la  lumiere  laser  focalisee  (L)  afln  de  lire 
une  information  au  moyen  de  I'interaction  de  ladite  lumiere  laser  et  de  ladite  magnetisation  transferee. 

Precede  selon  la  revendication  1,  dans  lequel  ladite  couche  magnetique  de  maintien  d'enregistrement 
(2)  et  ladite  couche  magnetique  de  lecture  (1)  sont  couplees  magnetiquement  de  facon  stable. 

Precede  selon  la  revendication  1,  dans  lequel  ladite  couche  magnetique  de  maintien  d'enregistrement 
(2)  et  ladite  couche  magnetique  de  lecture  (1)  sont  couplees  thermiquement  par  I'intermediaire  d'une  cou- 
che  magnetique  intermediate  (125). 

Precede  selon  la  revendication  1  ,  dans  lequel  led  it  support  d'enregistrement  magneto-optique  (3)  est  en- 
registre  en  appliquant  un  champ  magnetique  module  conformement  a  un  signal  d'information  qui  doit  etre 
enregistre  tandis  qu'il  est  irradie  par  une  lumiere  laser. 

Precede  selon  la  revendication  1,  dans  lequel  ledit  support  d'enregistrement  magneto-optique  (3) 
comprend  en  outre  une  couche  d'enregistrement  magnetique  de  magnetisation  perpendiculaire  (220)  pre- 
vue  de  maniere  a  etre  adjacente  a  ladite  couche  magnetique  de  maintien  d'enregistrement  (213)  sur  la- 
quelle  un  signal  est  enregistre  au  moyen  de  I'uti  lisation  d'une  tete  magnetique  et  le  signal  enregistre  sur 
ladite  couche  d'enregistrement  magnetique  de  magnetisation  perpendiculaire  (220)  est  transfere  magne- 
tiquement  a  ladite  couche  magnetique  de  maintien  d'enregistrement  (213)  en  irradiant  une  lumiere  laser 
(L)  sur  ledit  support  (3). 
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