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Description 

The  present  invention  relates  to  a  magneto-optical  disk  reading  apparatus  for  magneto-optically 
recording  and  reproducing  information  and  method  therefore. 

5  Magneto-optical  disk  reading  apparatuses  irradiate  a  recording  medium  consisting  of  magnetic  material 
with  a  laser  beam  to  thermo-magnetically  record  information  in  the  variation  form  of  magnetization  on  the 
medium,  and  magneto-optically  read  out  the  information  by  utilizing  the  variations  in  the  polarization  of  the 
light  reflected  from  or  passed  from  the  medium  irradiated.  They  are  attracting  interest  as  highly  useful  filing 
apparatuses  capable  of  not  only  permitting,  like  optical  disk  units,  high-density  large-capacity  recording  but 

io  also  erasing  information  and  reusing  the  medium  for  recording  other  information. 
Most  of  such  conventional  magneto-optical  disk  reading  apparatuses  as  is  disclosed  in  EP-A-0  156  916 

convert  polarization  variations  of  the  light  by  the  medium  into  intensity  variations  of  the  light  by  the  use  of 
an  analyzer  to  read  out  the  signals  recorded  on  the  medium.  According  to  such  signal  reading,  the  light 
reflected  from  the  part  where  the  magnetization  on  the  medium  has  varied,  i.e.,  the  part  irradiated  with  the 

75  recording  light  beam  at  the  time  of  recording,  is  either  bright  or  dark  and  reproduced  signals  are  obtained 
by  detecting  intensity  variations  of  the  whole  reflected  light  as  similar  to  an  optical  disk  apparatus  using  a 
reflectance  varying-type  recording  carrier.  As  methods  for  such  detection,  there  have  been  proposed  a 
simple  method  which  detects  the  light  beam  having  passed  the  analyzer  with  a  single  photodetector  (an 
APD  for  instance)  and  a  differential  detecting  method  which  detects  two  light  beams  splitted  through  a 

20  polarizing  beam  splitter  by  two  photodetectors  and  determines  the  difference  between  the  outputs  of  the 
two  photodetectors  for  information  reading.  Both  detect  the  variations  in  the  total  luminous  energy  of  the 
light  having  passed  the  analyzer  or  the  polarizing  beam  splitter,  and  in  this  respect  are  essentially  the  same 
as  the  detection  of  variation  between  bright  and  dark. 

However,  with  any  of  the  aforementioned  conventional  magneto-optical  disk  reading  apparatuses,  the 
25  light  beam  spot  focused  on  the  medium  for  the  reading  has  some  expanse  (intensity  distribution),  so  that 

the  intensity  of  the  reflected  light  does  not  vary  steeply,  resulting  in  the  disadvantages  that  the  timing 
information  of  reproduced  signals  tends  to  be  inaccurate,  is  susceptible  to  the  influences  of  the  intensity 
variation  of  the  irradiating  light,  reflectance  variation  of  the  medium  and  characteristics  variation  of  the 
reproducing  circuit,  and  readily  invites  reading  errors  in  signal  reproduction.  There  is  the  further  disadvan- 

30  tage  that,  if  information  is  to  be  recorded  and  reproduced  in  terms  of  the  length  variation  of  the  region  (to 
be  called  the  pit  as  in  the  case  of  an  optical  disk)  in  which  information  is  recorded  and  magnetization  varies 
(pulse  width  modulation),  signal  disturbance  will  be  increased  to  make  it  impossible  for  information  to  be 
accurately  reproduced  unless  the  D.C.  (direct  current)  component,  or  the  low  frequency  component,  is 
accurately  amplified. 

35  An  object  of  the  present  invention  is  to  provide  a  magneto-optical  disk  reading  apparatus  and  method 
which  has  a  high  recording  density,  excels  in  the  stability  of  reproduced  signals  and  is  hardly  susceptible  to 
reading  errors. 

Another  object  of  the  invention  is  to  provide  a  magneto-optical  disk  reading  apparatus  and  method 
which  excels  in  the  quality  of  reproduced  signals,  is  relatively  free  from  noise  and  therefore  hardly 

40  susceptible  to  reading  errors. 
These  objects  are  solved  by  the  reading  apparatus  according  to  claim  1  or  claim  2,  and  by  the  reading 

method  according  to  claim  6. 
According  to  the  present  invention,  a  recording  medium  on  which  information  is  magneto-optically 

recorded  is  irradiated  with  a  linearly  polarized  light  beam.  A  light  beam  reflected  from  or  passed  through  the 
45  recording  medium  is  changed  in  phase  by  a  wave  plate.  Through  an  analyzer  the  differently  polarized 

components  of  the  light  beam  from  the  wave  plate  are  combined  by  aligning  the  polarizing  directions  of  the 
light  beam.  The  light  intensities  of  the  forward  and  backward  parts  of  the  moving  direction  of  the  recording 
medium  in  the  far  field  of  the  light  beam  from  the  analyzer  are  detected  by  a  photo  detector.  A  difference 
between  the  detected  signals  of  the  forward  and  backward  parts  is  generated  to  reproduce  the  information 

50  recorded  on  the  recording  medium.  Furthermore,  the  light  beam  from  the  wave  plate  is  splitted  into  two 
light  beams  linearly  polarized  in  mutually  orthogonal  directions.  Two  light  intensities  of  the  two  light  beams 
for  the  forward  and  backward  parts  with  respect  to  the  moving  direction  of  the  recording  medium  in  the  far 
field  of  the  respective  light  beams  are  detected  by  two  photo  detectors.  Two  differences  between  the 
outputs  from  the  two  photo  detectors  are  determined  by  two  subtractors.  A  difference  or  sum  between  the 

55  two  subtractors  is  determined  and  the  information  is  reproduced  on  the  basis  of  thus  determined  difference 
or  sum. 

Other  objects  and  features  of  the  present  invention  will  be  clarified  from  the  following  description  with 
the  accompanying  drawings 

2 



EP  0  295  572  B1 

FIG.  1  is  a  block  diagram  illustrating  a  preferred  embodiment  of  the  present  invention; 
FIG.  2  is  a  diagram  for  explaining  the  principle  of  signal  reading  by  the  embodiment  of  FIG.  1; 
FIG.  3  is  a  diagram  illustrating  the  relationship  between  pit  positions  and  a  readout  signal  in  the 
embodiment  of  FIG.  1  ; 

5  FIG.  4  is  a  block  diagram  illustrating  another  preferred  embodiment  of  the  invention; 
FIG.  5  is  a  diagram  for  explaining  the  principle  of  recorded  signal  reading  according  to  the  invention;  and 
FIG.  6  is  a  diagram  illustrating  the  relationship  between  pit  positions  and  readout  signals  in  the 
embodiment  of  FIG.  4. 

Referring  to  FIG.  1,  a  preferred  embodiment  of  the  invention  includes  a  semiconductor  laser  device  2, 
io  supplied  with  a  current  from  a  laser  driving  circuit  1,  for  emitting  a  laser  beam  for  signal  reading  and  a 

collimator  lens  3  for  collimating  the  divergent  laser  beam  emitted  by  the  device  2  into  a  parallel  laser  beam. 
A  polarizer  4  aligns  the  polarization  of  the  laser  beam  in  a  single  linear  direction.  A  beam  splitter  5, 
consisting  of  a  non-polarizing  half  mirror  for  instance,  is  intended  for  separating  the  incident  laser  beam  into 
two  laser  beams  of  a  straight  ahead  direction  and  a  rectangularly  deviating  direction.  A  convergent  lens  6 

is  converges  the  parallel  laser  beam,  and  irradiates  the  surface  of  a  medium  7  on  a  recording  carrier  8  with 
the  converged  laser  beam  as  a  tiny  spot  of  light.  Whereas  the  position  of  the  convergent  lens  6  relative  to 
the  medium  7  is  so  controlled  that  the  tiny  light  spot  may  be  well  focused  and  formed  on  its  prescribed 
position,  this  position  control  will  not  be  explained  herein  as  it  is  not  directly  relevant  to  the  purpose  of  the 
present  invention. 

20  The  beam  focused  on  the  surface  of  the  medium  7  is  reflected  (or  passed)  with  its  polarizing  direction 
slightly  changed  according  to  the  magnetized  (recording)  condition  of  the  medium  7.  The  beam  reflected  by 
the  medium  7,  with  its  path  deflected  by  the  beam  splitter  5,  passes  a  wave  plate  9,  which  has  a  character 
to  vary  in  refractive  index  with  the  polarized  direction  of  the  light  beam  passing  it,  and  functions  to  advance 
(or  delay)  the  phase  of  a  light  beam  whose  polarizing  direction  is  deviated  by  90°.  The  present  invention, 

25  as  will  be  described  hereinafter,  utilizes  the  interference  between  light  beams  different  in  phase,  and  the 
intensity  variation  due  to  interference  is  the  most  efficient  (the  greatest)  when  the  phase  difference  between 
the  differently  polarized  beams  is  90  °  (quarter-wave).  Therefore,  it  is  desirable  to  use  a  quarter-wave  plate 
as  the  wave  plate  9.  If  the  wave  plate  9  is  so  positioned  that  a  reflected  light  beam  from  a  region  of  the 
medium  7  where  no  information  is  recorded  (this  polarized  beam  is  tentatively  named  the  P-polarized 

30  beam)  may  suffer  no  phase  deviation  and  a  beam  polarized  in  a  direction  normal  to  the  P-polarized  beam 
tentatively  named  the  S-polarized  beam)  suffers  a  90  °  (quarter-wave)  phase  delay,  the  beam  reflected  from 
the  pit  has  a  component  polarized  in  the  rectangular  direction,  and  therefore  the  beam  having  passed  the 
wave  plate  9  has  both  a  P-polarized  beam  component,  which  has  no  phase  delay,  and  an  S-polarized  beam 
component,  whose  phase  is  delayed  by  90  °  . 

35  An  analyzer  10  is  intended  for  aligning  different  polarizing  directions  of  beams  and  combining  these 
beams.  The  P  and  S-polarized  beams,  differing  in  phase,  are  combined  by  this  analyzer  10  and  interfere 
with  each  other.  Whereas  this  interference  occurs  between  every  pair  of  beams  differing  in  phase,  in 
particular  the  interference  between  the  P-polarized  beam  reflected  from  a  region  where  no  information  is 
recorded  (a  non-pit  part)  and  the  S-polarized  component  of  a  beam  reflected  from  a  pit  causes,  when  the 

40  leading  or  trailing  edge  of  the  pit  is  irradiated  with  a  light  spot,  the  beam  having  passed  the  analyzer  10  to 
have  an  intensity  difference  between  forward  and  backward  parts  of  the  reflected  beam  in  the  moving 
direction  of  the  medium  movement.  A  photo-detector  1  1  ,  whose  light  receiving  face  is  divided  into  forward 
and  backward  parts  with  respect  to  the  moving  direction  of  the  medium,  receives  the  beam,  which  has 
passed  the  analyzer  10,  in  the  stage  of  being  split  into  forward  and  backward  directions,  and  supplies 

45  electric  currents  each  corresponding  to  the  intensity  of  one  or  the  other  of  the  incident  beams.  By  detecting 
and  amplifying  the  difference  between  these  output  currents  with  a  differential  amplifier  12,  there  is  obtained 
a  readout  signal  101  forming  a  positive  or  negative  peak  when  the  irradiating  beam  hits  the  leading  or 
trailing  edge  of  the  pit.  By  processing  this  readout  signal  101  with  a  readout  signal  processing  circuit  13, 
information  recorded  on  the  recording  medium  8  is  reproduced. 

50  FIG.  2  is  a  diagram  for  explaining  the  principle  of  recorded  signal  reading  according  to  the  invention. 
Information  is  recorded  on  the  medium  7  in  the  form  of  a  change  (reversal)  of  the  magnetizing  direction.  As 
the  surface  of  the  medium  7  is  irradiated  with  light,  the  polarizing  angle  of  the  reflected  beam  is  slightly 
deviated  from  that  of  the  incident  beam  by  the  Kerr  effect  or  the  Faraday  effect.  The  reflected  light,  restored 
into  a  parallel  beam  by  the  convergent  lens  6,  passes  the  wave  plate  9,  and  the  S-polarized  component  of 

55  the  reflected  light  is  delayed  in  phase  behind  the  P-polarized  component  of  same.  If  the  wave  plate  9  is  so 
arranged  here  that  only  the  beam  reflected  from  the  pit  (the  P  region  in  the  diagram)  on  the  medium  7  have 
an  S-polarized  component,  the  beam  reflected  from  the  pit  (the  P  region)  having  passed  the  wave  plate  9 
will  have  a  component  whose  phase  is  behind  that  reflected  from  a  non-recorded  region  (the  N  region  in  the 
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diagram),  which  has  only  a  P-polarized  component  . 
This  phase  delay  of  the  S-polarized  component  is  outwardly  equal  to  a  depressed  pit.  Therefore, 

combining  by  the  analyzer  10  the  reflected  beam  from  the  N  region  and  the  S-polarized  component  from 
the  P  region  results  in  the  inclination  of  the  reflected  beam  at  the  leading  edge  of  the  depressed  pit  and  an 

5  intensity  difference  between  the  forward  and  backward  directions  in  the  far  field,  so  does  the  formation  of  a 
light  spot  on  the  boundary  between  the  P  and  N  regions  result  in  an  intensity  difference  in  the  reflected 
light  having  passed  the  analyzer  10  between  forward  and  backward  parts.  Since  this  intensity  difference  is 
proportional  to  the  product  of  the  light  amplitude  (the  square  root  of  intensity)  of  the  P-polarized  component 
from  the  N  region  and  that  of  the  S-polarized  component  from  the  P  region,  a  greater  level  variation  can  be 

io  achieved  than  the  intensity  variation  of  the  S-polarized  component  alone.  A  circle  14  shown  in  the  upper 
part  of  FIG.  2  represents  the  distribution  of  brightness  and  darkness  in  the  light  beam  having  passed  the 
analyzer  10. 

FIG.  3  is  a  diagram  illustrating  the  relationship  between  pit  positions  and  a  readout  signal  101  in  the 
embodiment  of  FIG.  1.  In  the  figure,  a  waveform  represents  the  waveform  of  the  readout  signal  101,  and  Pi 

is  and  P2  denote  pits.  While  there  is  no  intensity  difference  in  the  light  coming  incident  on  the  photodetector 
11  between  the  forward  and  backward  and  the  readout  signal  101  is  at  the  zero  level  when  a  non-recorded 
region  is  irradiated,  there  does  occur  a  forward-backward  intensity  difference  in  the  light  coming  incident  on 
the  photodetector  11  and  the  readout  signal  101  deviates  in  the  positive  direction  when  the  light  spot 
irradiates  the  leading  edge  of  the  pit  Pi  .  When  the  center  of  the  light  spot  is  applied  on  the  boundary 

20  between  the  non-recorded  part  and  the  pit  Pi  ,  the  level  of  the  readout  signal  101  reaches  its  positive  peak. 
When  the  light  spot  is  completely  within  the  pit  Pi  ,  there  will  be  no  forward-backward  intensity  difference  in 
the  light  coming  incident  on  the  photodetector  11,  and  the  level  of  the  readout  signal  101  returns  to  zero. 
When  the  light  spot  is  applied  on  the  trailing  edge  of  the  pit  Pi  ,  there  occurs  the  intensity  difference  in  the 
light  coming  incident  on  the  photodetector  1  1  in  the  opposite  direction  to  what  occurs  when  it  is  applied  on 

25  the  leading  edge,  and  the  readout  signal  101  deviates  in  the  negative  direction.  Since  the  polarity  of  the 
readout  signal  101  is  reversed  between  the  leading  and  trailing  edges  of  the  pit,  the  readout  signal  101 
obviously  has  no  D.C.  component,  and  there  is  no  need  for  accurate  amplification  to  the  low  frequency 
component.  By  detecting  the  timing  of  the  positive  and  negative  peaks  of  this  readout  signal  101,  and  the 
timing  at  which  the  light  spot  passes  the  leading  and  trailing  edges  of  the  pit  recorded  on  the  medium  7, 

30  information  recorded  on  the  medium  7  can  be  accurately  extracted. 
As  hitherto  described,  according  to  the  present  invention,  a  wave  plate  and  an  analyzer  are  arranged  on 

the  path  of  the  reflected  light  from  the  recording  medium  for  the  purpose  of  reading  out  signals  recorded  on 
a  magneto-optical  disk.  This  arrangement  results  in  a  forward-backward  intensity  difference  in  the  moving 
direction  of  the  medium  in  the  far  field  of  the  reflected  light  having  passed  the  analyzer  when  the  leading  or 

35  trailing  edge  of  a  pit,  formed  on  the  medium,  is  irradiated  with  a  reading  beam.  By  receiving  this  light  beam 
with  a  photodetector,  there  is  obtained  a  readout  signal  which  attains  a  positive  or  negative  peak  when  the 
reading  beam  is  applied  on  the  leading  or  trailing  edge,  respectively,  of  the  pit.  By  detecting  the  timing  of 
this  peak,  recorded  information  can  be  accurately  reproduced  without  being  affected  by  variations  in  light 
intensity  or  the  medium's  reflectance,  among  other  factors. 

40  The  present  invention  has  the  further  advantage  that  the  readout  signal  has  no  low-frequency 
component,  dispenses  with  accurate  amplification  of  signals  even  to  their  low-frequency  components,  which 
is  required  in  intensity  variation  detecting,  and  accordingly  helps  simplify  the  circuit  composition. 

FIG.  4  is  a  block  diagram  illustrating  another  perferred  embodiment  of  the  invention.  The  first 
embodiment  illustrated  in  FIG.  1  reads  out  a  signal  by  converting  a  variation  in  polarization  due  to  the 

45  magnetization  of  the  medium  into  a  phase  delay  (or  advance)  and  detecting  a  change  in  the  far  field  pattern 
resulting  from  that  phase  difference.  However,  since  the  phase  difference  of  a  light  beam  may  also  result 
from  unevenness  of  the  medium  surface,  there  is  the  disadvantage  that  the  readout  signal  tends  to  contain 
much  noise  due  to  even  minute  irregularity  on  the  medium  surface  or  a  slight  variation  in  the  intensity 
distribution  of  the  irradiating  laser  beam. 

50  FIG.  4  proposes  an  apparatus  that  represents  a  solution  to  this  problem.  The  semiconductor  laser 
device  2,  supplied  with  a  current  from  the  laser  driving  circuit  1,  emits  a  laser  beam  for  signal  reading.  The 
collimator  lens  3  collimates  the  divergent  laser  beam  emitted  by  the  semiconductor  laser  device  2  into  a 
parallel  laser  beam.  The  polarizer  4,  intended  for  aligning  polarization  of  the  laser  beam  in  a  single  linear 
direction,  may  be  dispensed  with  because  a  light  beam  emitted  by  the  semiconductor  laser  device  2  is 

55  usually  polarized  linearly  and  therefore  the  prescribed  performance  characteristics  can  be  achieved  without 
it.  The  half  mirror  5,  which  may  consist,  for  instance,  of  a  non-polarizing  half  mirror  which  transmits  a  part  of 
a  light  beam  coming  incident  irrespective  of  the  polarized  condition  and  reflects  another  part  in  the 
rectangular  direction,  is  intended  for  splitting  a  part  of  the  reflected  light  from  the  path  of  the  incident  light. 

4 
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The  object  lens  6  focuses  the  incident  light  beam  having  passed  the  half  mirror  5,  and  irradiates  the  surface 
of  the  recording  medium  7  on  the  recording  carrier  8  with  the  focused  light  beam  as  a  tiny  spot  of  light.  The 
beam  irradiating  the  surface  of  the  recording  medium  7  is  reflected  (or  transmitted)  with  its  polarized 
direction  slightly  changed  according  to  the  magnetized  condition  (the  recording  condition)  of  the  medium  7. 

5  The  medium  7  is  magnetized  in  its  information  recording  part  (pit)  in  a  single  direction  normal  to  the 
medium  surface,  and  in  the  non-recorded  part  (erased  part)  in  the  reverse  direction.  When  the  mediums  7 
is  irradiated  with  a  linearly  polarized  beam,  the  reflected  or  transmitted(passed)  beam  is  inclined  (rotated) 
by  the  Kerr  effect  or  the  Faraday  effect  in  the  polarizing  direction  with  respect  to  the  incident  beam.  This 
rotation  of  linearly  polarized  light  is  known  as  optical  rotation,  and  can  be  explained  by  the  phase  advance 

io  and  delay  corresponding  to  clockwise  and  counterclockwise  circular  polarization,  but  for  the  sake  of 
simplicity  it  may  be  regarded  as  the  rotation  of  linearly  polarized  light. 

The  beam  reflected  from  the  medium  7  is  restored  into  a  parallel  beam  by  the  object  lens  6.  The 
intensity  distribution  of  this  beam  magnified  and  collimated  by  the  object  lens  6  is  known  as  the  far  field 
pattern.  A  part  of  the  reflected  light  having  passed  the  object  lens  6  is  reflected,  with  its  path  turned 

is  rectangularly,  by  the  half  mirror  5,  and  directed  toward  the  quarter-wave  plate  9.  The  quarter-wave  plate  9 
has  a  character  to  delay,  relative  to  a  beam  linearly  polarized  in  a  certain  direction  (normal  beam),  the 
phase  of  another  beam  linearly  polarized  in  a  direction  orthogonal  thereto  (abnormal  beam)  by  90° 
(equivalent  to  a  quarter  wavelength),  and  usually  used  for  converting  a  linearly  polarized  beam  into  a 
circularly  polarized  beam  or  a  circularly  polarized  beam  into  a  linearly  polarized  beam.  In  this  instance, 

20  where  the  reflected  light  from  the  medium  7  coming  incident  on  the  quarter-wave  plate  9  is  linearly 
polarized,  it  will  be  easier  to  understand  if  the  quarter-wave  plate  9  is  supposed  to  be  so  arranged  as  to 
convert  the  linearly  polarized  beam  into  a  circularly  polarized  beam,  and  therefore  such  an  example  is 
given,  but  the  quarter-wave  plate  9,  as  will  be  explained  afterwards,  need  not  be  so  arranged  as  to  convert 
the  linearly  polarized  beam  reflected  from  the  medium  into  a  circularly  polarized  beam,  and  instead  may  be 

25  arranged  at  any  desired  inclination  (rotational  angle). 
The  light  having  passed  the  quarter-wave  plate  9  is,  for  instance,  circularly  polarized  and  can  be 

regarded  as  that  resulting  from  the  combination  of  two  linearly  polarized  beams  orthogonal  to  each  other.  A 
polarizing  beam  splitter  15  splits  the  light  having  passed  the  quarter-wave  plate  9  into  two  linearly  polarized 
and  mutually  orthogonal  beams  (for  instance  S-polarized  and  P-polarized  beams)  and  substantially  equal 

30  amplitudes  (or  intensities).  In  order  to  substantially  equalize  the  amplitudes  (or  intensities)  of  these  split  light 
beams,  it  is  necessary  that  the  polarizing  directions  (S-polarization  and  P-polarization)  of  the  two  beams  be 
approximately  45  °  off  the  polarizing  direction  of  the  normal  beam  (or  the  abnormal  beam)  at  the  quarter- 
wave  plate.  Therefore,  if  the  polarizing  direction  of  the  normal  beam  of  the  quarter-wave  plate  9  (i.e.  the 
direction  of  optical  axis  of  the  quarter-wave  plate)  is,  for  instance  45  °  off  the  direction  of  linear  polarization 

35  of  the  reflected  light  (at  this  time  the  light  having  passed  the  quarter-wave  plate  9  is  substantially  circularly 
polarized),  the  polarizing  beam  splitter  15  should  be  so  arranged  as  to  make  the  polarizing  directions  of  the 
light  beams  split  by  the  polarizing  beam  splitter  15  equal  to  directions  45°  further  off  the  polarizing 
direction  of  the  normal  beam  (or  the  abnormal  beam),  i.e.  that  of  the  reflected  light  (or  the  direction 
orthogonal  thereto). 

40  If  the  relationship  between  the  polarizing  direction  of  the  normal  beam  at  the  quarter-wave  plate  9  and 
those  of  the  light  beams  split  by  the  polarized  beam  splitter  15  (45°  off  each  other)  is  satisfied,  the 
inclination  (rotational  angle)  of  the  quarter-wave  plate  9  or  the  polarizing  beam  splitter  15  may  be  set  as 
desired.  As  the  polarizing  beam  splitter  15,  there  may  also  be  usable,  a  Wollaston  polarizing  prism  or  some 
other  polarizing  beam  splitter  which  slightly  shifts  or  bends  the  paths  of  the  two  split  beams  with  respect  to 

45  each  other. 
As  the  polarizing  beam  splitter  15  functions  to  align  the  polarized  conditions  of  the  light  beams  it  emits 

in  a  common  direction  (analyzing  action)  as  well  as  splitting  of  the  incident  beam,  the  beams  having  passed 
the  polarizing  beam  splitter  and  differing  in  phase  interfere  with  each  other. 

The  actions  of  the  above  described  quarter-wave  plate  and  polarizing  beam  splitter  convert  the  change 
50  in  polarization  (rotation)  by  the  magnetization  of  the  recording  medium  7  into  a  phase  deviation  of  a  light 

beam.  For  instance,  if  the  magnetization  of  a  pit  (information  recording  part)  slightly  rotates  the  polarizing 
angle  of  the  reflected  light  from  the  pit  clockwise,  the  S-polarized  component  coming  out  of  the  polarizing 
beam  splitter  15  is  slightly  advanced  in  phase.  In  the  non-recorded  part  where  the  direction  of  magnetiz- 
ation  is  reverse,  the  polarizing  angle  of  the  reflected  light  from  it  is  slightly  rotated  counterclockwise, 

55  contrary  to  that  from  the  pit,  and  the  S-polarized  component  from  the  polarizing  beam  splitter  15  is  slightly 
delayed  in  phase. 

This  relationship  is  reversed  for  the  P-polarized  beam  from  the  polarizing  beam  splitter  15.  Thus, 
immediately  after  the  polarizing  beam  splitter  15,  the  difference  in  polarizing  angle  between  the  reflected 
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beams  from  the  pit  and  the  non-recorded  part  results  in  a  phase  difference  between  the  two  reflected 
components.  This  phase  relationship  is  reversed  between  the  two  beams  (S-polarized  and  P-polarized) 
resulting  from  splitting  by  the  polarizing  beam  splitter  15. 

For  instance,  viewed  from  the  S-polarized  beam  (directed  toward  a  photodetector  16)  having  come  out 
5  of  the  polarizing  beam  splitter  15,  the  phase  of  the  reflected  beam  from  the  pit  looks  ahead  of  that  of  the 

reflected  light  from  the  non-recorded  part,  and  the  pit  appears  convex.  On  the  other  hand,  viewed  from  the 
P-polarized  beam  (directed  toward  a  photodetector  17),  the  phase  of  the  reflected  beam  from  the  pit  looks 
behind,  and  the  pit,  concave.  Thus,  where  the  recording  pit  looks  convex  or  concave  depending  on  how  it  is 
viewed,  or  in  the  presence  of  a  phase  difference  between  the  beams  reflected  from  the  pit  and  from  the 

io  non-recorded  part,  there  occurs  a  light  intensity  difference  between  the  forward  and  backward  in  the  moving 
direction  of  the  medium  in  the  far  field  of  the  reflected  beam  (or  the  transmitted  beam)  at  the  pit  edge. 
Recorded  information  can  be  detected,  as  was  described  with  reference  to  FIG.  1,  by  receiving  such  beams 
with  a  divided  photodetector. 

The  two  light  beams  (S-polarized  and  P-polarized)  resulting  from  splitting  by  the  polarizing  beam  splitter 
is  15  come  incident  on  the  photodetectors  16  and  17,  respectively,  whose  light  receiving  faces  are  divided 

into  at  least  two  forward  and  backward  parts  each  in  the  moving  direction  of  the  medium  (indicated  by  an 
arrow  30  in  FIG.  4),  and  which  receive,  divided  into  forward  and  backward  parts,  the  far  field  patterns  of  the 
light  beam  reflected  from  the  medium  7  and  coming  out  of  the  polarizing  beam  splitter  15  and  supply 
currents,  each  corresponding  to  the  intensity  of  one  or  the  other  of  the  incident  beams. 

20  When  the  leading  edge  of  the  pit  is  irradiated  with  a  reading  beam,  the  area  ahead  of  the  far  field  of  the 
reflected  beam  will  become  bright  if  the  pit  is  convex,  or  that  behind  the  far  field  will,  if  the  pit  is  concave.  In 
the  structure  of  this  embodiment,  therefore,  if  the  leading  edge  of  the  pit  is  irradiated,  the  part  ahead  (the 
lower  part  in  FIG.  4)  of  the  photodetector  16  will  receive  a  greater  quantity  of  light,  and  so  will  the  part 
behind  (the  right  hand  side  in  FIG.  4)  of  the  photodetector  17. 

25  A  differential  amplifier  18  receives  output  currents  from  the  forward  and  backward  parts  into  which  the 
photodetector  16  are  split,  amplifies  the  difference  between  them,  and  outputs  it  as  an  intensity  differential 
signal  102.  In  the  above  described  instance,  this  intensity  differential  signal  102  forms  a  positive  peak  at  the 
leading  edge  and  a  negative  peak  at  the  trailing  edge  of  the  pit.  Meanwhile,  another  differential  amplifier  19 
takes  a  similar  action  on  the  photodetector  17,  and  outputs  another  intensity  differential  signal  103.  In  the 

30  above  described  instance,  this  intensity  differential  signal  103,  forming  a  negative  peak  at  the  leading  edge 
of  the  pit,  is  reverse  in  polarity  to  the  intensity  differential  signal  102.  A  subtracting  circuit  20  adds  the 
information  contents  of  these  two  intensity  differential  signals  102  and  103  (the  peaks  at  the  leading  and 
trailing  edges  of  the  pit)  in  the  form  of  taking  the  difference  between  the  two  signals,  amplifies  the  sum  and 
outputs  it  as  a  readout  signal  104.  As  is  obviously  understood,  if  the  connection  of  the  differential  amplifier 

35  18  or  19  to  the  photodetector  16  or  17  is  inverse,  an  adding  circuit  can  be  used  in  place  of  the  subtracting 
circuit  20.  By  reading  the  readout  signal  104  supplied  by  this  subtracting  circuit  20  and  processing  it  with  a 
signal  processing  circuit  21,  information  recorded  on  the  recording  medium  7  is  reproduced. 

As  intensity  variations  between  the  forward  and  backward  parts  of  the  far  field  due  to  the  magnetization 
(recording  bits)  by  the  reflected  beams  coming  incident  on  the  photodetectors  16  and  17  are  reverse  in 

40  polarity  between  the  photodetectors  16  and  17,  and  the  readout  signal  104  is  obtained  in  the  form  of  taking 
the  difference  between  these  variations,  noise  of  the  same  phase  resulting  from  variations  in  the  medium's 
reflectance,  the  power  of  the  irradiating  laser  beam  and  so  forth  is  kept  to  the  minimum.  Meanwhile, 
intensity  variations  between  the  forward  and  backward  parts  of  the  far  field  of  the  reflected  light  due  to 
minute  convexes  or  concaves  on  the  medium  surface  or  variations  in  the  light  intensity  distribution  of  the 

45  irradiating  laser  beam,  unlike  those  due  to  magnetization,  are  the  same  in  phase  between  the  photodetec- 
tors  16  and  17.  Accordingly,  by  figuring  out  the  difference  between  the  intensity  differential  signals  102  and 
103,  the  intensity  variations  between  the  forward  and  backward  parts  of  the  far  field  due  to  these  non- 
magnetization  factors  is  minimized,  and  only  the  variations  in  the  polarization  of  the  reflected  light  due  to 
magnetization,  or  the  recorded  information,  are  accurately  taken  out,  resulting  in  low-noise  high-quality 

50  reproduction  of  desired  signals. 
FIG.  5,  intended  for  explaining  the  principle  of  recorded  signal  reading  according  to  the  invention,  is  a 

vector  diagram  schematically  illustrating  how  the  optical  activity  (rotation  of  a  linearly  polarized  beam)  due 
to  the  Faraday  effect  or  Kerr  effect  is  converted  into  a  phase  advance  or  delay  as  the  beam  passes  the 
quarter-wave  plate  9  and  the  polarizing  beam  splitter  15.  In  FIG.  5(A),  the  V  direction  represents  the 

55  polarization  vector  of  the  linearly  polarized  beam,  to  which  corresponds,  for  instance,  the  polarization  of  the 
reflected  beam  from  the  non-recorded  part  of  the  recording  medium  7.  The  amplitude  vector  of  this  beam  is 
represented  by  E0  =  coscot. 
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FIG.  5  (B)  illustrates  the  polarization  vector  of  the  linearly  polarized  beam  shown  in  FIG.  5  (A)  after 
having  passed  the  quarter-wave  plate  9.  With  a  representing  the  angle  at  which  the  direction  0  in  which  the 
quarter-wave  plate  9  polarizes  the  normal  light  is  changed  into  the  S-polarizing  direction,  a  linearly  polarized 
beam  E0  coming  incident  when  a  is  45  °  passes  it,  converted  into  a  counterclockwise  circularly  polarized 
beam.  The  amplitude  of  this  passing  beam  being  represented  by  4>0,  this  4>0  delays  by  f  (90°)  the  phase  of 
only  the  abnormal  light  component 

- i   (Z.  -CL) 
EQe  =  s i n C t e   v2  '  c o s o t   of   E Q ,  

but  not  its  normal  light  component  E00  =  cosae"*coscot  ,  so  that 

15  j££  _  /7T  _  Q\ 
<t>Q  =  cos   CL  •  e  •  cosa>  t  +  s i n   CL-  e  2  •  cos   (co  t  -  

10 

20 

25 

30 

35 

and  this  can  be  rearranged  into 

?L  =  e  (cos   Oi  •  c o s o   t  -  i-  sinCX  •  s incy  t )  
o  

i 3   ,  cosCX-  s i n s '   i d> t   oosCL  +  s inQl  -i<u  t  . =  e  (  =  e  +  =  e  ) 

Supposing  a  =  (45°)  here, 

,  i d / 2   - i<y t   JL  e " 1  
^°  =  e  T   6  =  ^  

which  means  counterclockwise  circular  polarization,  so  that  it  is  demonstrated  that  the  quarter-wave  plate  9, 
whose  direction  of  polarizing  the  normal  light  is  45°  inclined,  converts  a  linearly  polarized  beam  into  a 
circularly  polarized  beam. 

Meanwhile  FIG.  5  (C)  illustrates  the  polarization  of  a  beam  whose  polarizing  angle  is  inclined  by  6  with 
40  respect  to  the  V  direction,  to  which  corresponds,  for  instance,  the  reflected  beam  from  the  magnetized  pit 

(recording  part)  of  the  recording  medium  7.  The  vector  of  this  linearly  polarized  beam  is  represented  by  Ep 
=  e'e  •  coscot.  FIG.  5  (D)  illustrates  the  polarization  vector  of  the  linearly  polarized  beam  shown  in  (C)  after 
having  passed  the  quarter-wave  plate  9,  whose  direction  of  polarizing  the  normal  light  is  inclined,  like  in  (B), 
by  a  with  respect  to  the  V  direction.  This  amplitude  vector  being  represented  by  <£p,  the  phase  of  only  the 

45  abnormal  light  component 

Epe  =  s i n   {0L  ~  6)  '  e  ~ ± { l ~ a )   •  cos<yt   of  E p /  

50 
but  not  its  normal  light  component  E00  =  cos(a-e)  •  e'°  •  coscot  is  delayed  by  f  (90  °  ),  so  that 

<t>p  =  COS(a-e)  •  e'°  •  COScot  +  Sin(a-e)  •  e"'g  -a)  •  COS(cot-2  ) 

55  and  this  can  be  rearranged  into 
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e1  (cos  i a - 6 )   •  cos<i)t   -  i * s i n   (Of-  6)  '  s ina)  t )  
�   

^ j g   ,  c o s ( a - f l )   - s i n   (Of-  (9)  .  _i<at   ,  cos  («-<?)  +  s i n ( t f - 0 )   - i < y t .  e  [   ̂ e  +   ̂ e  ) 

Supposing  a  =  (45°)  and  Q  is  small  here,  4>p  will  also  mean  counterclockwise  circular  polarization 
substantially  like  <$>0.  FIG.  5  (E)  illustrates  the  amplitude  vector  of  what  has  an  S-polarized  component  out  of 

io  the  two  light  beams  into  which  the  polarizing  beam  splitter  15  splits  the  incident  beam  thereon. 
FIG.  5  (F)  illustrates  the  amplitude  vector  of  the  other  split  beam  which  has  a  P-polarized  component. 

The  S-polarized  beam  from  the  polarizing  beam  splitter  15  forms  an  angle  of  -  J  (-45°)  with  respect  to  the 
normal  light  direction  (0  direction)  of  the  quarter-wave  plate  9.  Therefore  the  S-polarized  beam  from  the 
polarizing  beam  splitter  15  forms  an  angle  of  (a  -  J  )  with  respect  to  the  V  direction  in  which  the  reflected 

is  beam  from  the  non-recorded  part,  shown  in  FIG.  5  (A),  is  polarized.  As  will  be  readily  understood,  where  a 
=  J  (45°),  the  V  direction  is  the  same  as  the  S  direction.  When  a  light  beam  having  an  amplitude 
(polarization)  vector  <f>  comes  incident  on  the  polarizing  beam  splitter  15,  which  splits  an  incident  light  beam 
into  two  beams,  one  S-polarized  in  the  direction  of  the  (a  -  J  )  angle  and  the  other  P-polarized  in  the 
direction,  orthogonal  to  it,  of  the  (a  +  J  )  angle,  the  amplitude  vector  of  the  S-polarized  component  is 

20 

E  -  e1  ' " " I '   •  Re  ( e - 1   ^ ' J   U )  
3i 

25  (where  Re(Z)  represents  the  real  number  component  of  Z),  and  that  of  the  P-polarized  component, 

E ^ e ^ T ' . R e l e " 1 ' ^ ! '   4 ) .  

30 
Therefore,  after  the  light  beam  with  an  amplitude  vector  of  4>0,  resulting  from  the  passage  of  the  quarter- 
wave  plate  9  by  the  reflected  beam  from  the  non-recorded  part,  passes  the  polarizing  beam  splitter  15,  the 
amplitude  of  its  S-polarized  component  is 

35  jj.  _ 
Eao  =  e l ( 0 : " 4 )   •  Re{  e"1  ( a ~ 4 )   •  e  

xCL  
(cos  a  .  cosco  t  -  i  s i n t f   • 

s i n a i t   )"j 
40 

=  e  4  (cos  j   - c o s t f   -  cosa>t   +  s i n   j   •  sinCC-  slnoj  t )  

s i n  

40 

=  e l ( 0 ; ~ 4 )   •  —  cos  (<yt  - a   ) 
45  v /T  

and  that  of  its  P-polarized  component  is 

50 

Ebo  =  e1  (<*+  4*  •  R e [ e _ 1   (a  +  4*  e1<2(cos t f -   coscy t   -  i*  sinOf-  sincy  t ) j  

=  e1  {<X+  4}  cos  (cot  +  a  ) 55  f 2  
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On  the  other  hand,  for  the  light  beam  with  an  amplitude  vector  of  <£p  resulting  from  the  passage  of  the 
quarter-wave  plate  9  by  the  reflected  beam  from  the  pit  (magnetized  recording  part),  the  amplitude  of  the  S- 
polarized  beam,  one  of  the  two  beams  into  which  it  is  split  by  the  polarizing  beam  splitter  15,  is 

5 

Eap  =  e1  {(X  ~  4  J  •  cos  (o>  t  -  a  +  6  ) 
V 2  

10 
and  that  of  P-polarized  beam  is 

Ebp  =  ex  v  4'  •  -±-  •  cos  ( a t   +  a  -  0  ) 

These  equations  reveal  that,  out  of  the  beams  resulting  from  splitting  by  the  polarizing  beam  splitter  15, 
the  S-polarized  beam  has  its  component  Eap,  attributable  to  the  reflected  beam  from  the  pit,  ahead  of  the 

20  component  Eao,attributable  to  that  from  the  non-recorded  part,  by  6  in  phase.  It  is  seen  that,  in  the  P- 
polarized  beam  on  the  other  hand,  the  component  Ebp,  attributable  to  the  reflected  beam  from  the  pit,  is 
behind  the  component  Eb0,  attributable  to  that  from  the  non-recorded  part,  by  6  in  phase.  Thus,  viewed  from 
the  S-polarized  beam,  the  pit  looks  convex,  while  it  looks  concave  viewed  from  the  P-polarized  beam.  It 
may  also  be  readily  understood  that  this  relationship  holds  irrespective  of  the  degree  of  a,  the  diagrammatic 

25  angle  of  the  quarter-wave  plate  9.  Thus  in  each  of  the  two  light  beams  resulting  from  splitting  by  the 
polarizing  beam  splitter  15,  there  occurs  a  phase  difference  between  the  reflected  beam  from  the  pit  and 
that  from  the  non-recording  part,  with  the  result  that  there  arises  a  light  intensity  difference  between  the 
forward  and  backward  parts,  in  the  moving  direction  of  the  medium,  of  the  far  field  of  the  reflected  beam  at 
the  (leading  or  trailing)  edge  of  the  pit.  Recorded  information  can  be  detected  by  receiving  these  beams 

30  with  photodetectors,  which  are  divided  as  described  above,  and  thereby  detecting  the  forward-backward 
variation  of  light  intensity. 

FIG.  6  is  a  diagram  illustrating  the  relationship  between  the  phases  of  pits  and  the  readout  signal  104  in 
the  embodiment  illustrated  in  FIG.  4.  In  the  diagram,  Pi  and  P2  represent  pits  (recording  parts),  and  the 
waveforms  of  the  intensity  differential  signal  102,  the  other  intensity  differential  signal  103  and  the  readout 

35  signal  104,  respectively. 
When  a  light  spot  40  is  irradiating  a  non-recorded  region,  the  beams  coming  incident  on  the 

photodetectors  16  and  17  have  no  forward-backward  intensity  differences  and  both  intensity  differential 
signals  102  and  103  are  at  the  zero  level,  but  when  the  light  spot  40  hits  the  leading  edge  of  the  pit  Pi  ,  the 
beams  coming  incident  on  the  photodetectors  16  and  17  come  to  have  the  intensity  differences,  and  the 

40  intensity  differential  signals  102  and  103  deviate  in  the  positive  and  negative  directions,  respectively.  After 
that,  when  the  light  spot  40  fully  enters  the  pit  Pi  ,  the  beams  coming  incident  on  the  photodetectors  16  and 
17  no  longer  have  intensity  differences,  and  both  intensity  differential  signals  102  and  103  return  to  the  zero 
level. 

When  the  light  spot  40  hits  the  trailing  edge  of  the  pit,  the  beams  coming  incident  on  the  photodetec- 
45  tors  16  and  17  come  to  have  the  intensity  differences  in  the  reverse  direction  to  what  occurred  when  the 

light  spot  40  was  on  the  leading  edge,  and  the  intensity  differential  signals  102  and  103  deviate  in  the 
negative  and  positive  directions,  respectively.  As  the  polarities  of  the  intensity  differential  signals  102  and 
103  are  contrary  between  the  leading  and  trailing  edges  of  the  pit,  these  signals  have  no  D.C.  components, 
and  therefore  need  not  be  accurately  amplified  to  the  low  frequency  region.  By  taking  and  amplifying  the 

50  difference  between  these  two  intensity  differential  signals  102  and  103,  there  is  obtained  the  readout  signal 
104  which  attains  a  positive  peak  at  the  leading  edge  and  a  negative  peak  at  the  trailing  edge  of  the  pit.  Nor 
does  this  readout  signal  104,  which  essentially  has  no  D.C.  component,  need  be  accurately  amplified  to  the 
low  frequency  region. 

Forward-backward  intensity  variations  of  the  reflected  beams  due  to  other  factors  than  the  pit 
55  (magnetization),  including  slight  convexes  and  concaves  on  the  medium  surface  or  variations  in  intensity 

distribution  of  the  irradiation  laser  beam,  occur  in  a  common  direction  to  the  beams  coming  incident  on  the 
photodetectors  16  and  17,  and  therefore  these  variations  are  reflected  on  the  intensity  differential  signals 
102  and  103  as  variations  in  the  same  direction  (polarity).  As  the  readout  signal  104  is  obtained  in  the  form 
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of  taking  the  difference  between  the  intensity  differential  signals  102  and  103,  these  variations  in  the  same 
direction  cancel  each  other.  Therefore  the  readout  signal  104  accurately  catches  only  the  variations  of  the 
reflected  beam  due  to  the  pit  (magnetization),  and  variations  due  to  other  factors  (noise)  are  kept  to  the 
minimum. 

5  As  hitherto  described,  according  to  the  present  invention,  there  are  arranged  on  the  path  of  the  light 
beam  reflected  or  transmitted  by  a  recording  medium,  for  the  purpose  of  reading  out  signals  recorded  on  a 
photomagnetic  disk,  a  quarter-wave  plate,  a  polarizing  beam  splitter,  and  divided  photodetectors,  one  for 
each  of  the  two  light  beams  resulting  from  splitting  by  the  polarizing  beam  splitter.  By  detecting  the 
forward-backward  intensity  difference  of  the  beam  coming  incident  on  each  photodetector  and  further  by 

io  subjecting  the  intensity  difference  signals  detected  by  the  two  photodetectors  to  subtraction  or  addition, 
there  is  obtained  a  readout  signal  which  attains  a  positive  or  negative  peak  when  the  beam  hits  the  leading 
or  trailing  edge  of  the  pit.  This  arrangement  has  the  benefit  of  accurately  reproducing  recorded  information 
without  being  affected  by  variations  in  light  intensity  or  the  medium's  reflectance,  which  posed  problems  to 
prior  art  apparatuses.  The  apparatus  according  to  the  present  invention  has  the  additional  advantage  that 

is  the  readout  signal  has  no  low  frequency  component  and  there  is  no  need  for  accurate  signal  amplification  to 
the  low  frequency  region.  The  invention  also  makes  it  possible  to  eliminate  noise  due  to  other  factors  than 
recorded  information  including  slight  unevenness  of  the  medium  surface  and  changes  in  the  intensity 
distribution  of  the  irradiating  laser  beam,  and  thereby  to  provide  low-noise  high-quality  readout  signals. 

20  Claims 

1.  A  magneto-optical  disk  reading  apparatus  comprising: 
irradiating  means  (1,  2,  3,  4,  6)  for  irradiating  a  beam  spot  on  a  recording  medium  (7)  with  a 

linearly  polarized  light  beam,  said  recording  medium  having  information  magneto-optically  recorded 
25  thereon  so  as  to  form  successive  recorded  and  non-recorded  regions; 

a  beam  splitter  (5)  arranged  in  a  path  of  reflected  or  transmitted  light  beam  caused  by  said 
recording  medium  reflecting  or  transmitting  said  beam  spot,  for  changing  a  direction  of  said  path  of 
said  reflected  or  transmitted  light  beam  to  produce  a  splitted  light  beam; 

an  analyzer  (10)  arranged  in  a  path  of  said  splitted  light  beam  to  produce  an  aligned  light  beam; 
30  a  photodetector  (11)  for  receiving  said  aligned  light  beam  supplied  from  said  analyzer  and  for 

detecting  and  converting  said  aligned  light  beam  to  an  electrical  signal;  and 
processing  means  (13)  responsive  to  said  electrical  signal  so  as  to  reproduce  data  information  on 

said  recording  medium,  characterized  in  that  said  magneto-optical  disk  reading  apparatus  further 
comprises: 

35  a  wave  plate  (9)  arranged  in  a  path  of  said  splitted  light  beam  and  between  said  beam  splitter  and 
said  analyzer,  for  changing  relative  phases  of  differently  polarized  components  in  said  splitted  light 
beam  to  produce  a  polarized  light  beam,  wherein  said  analyzer  (10)  combines  said  differently  polarized 
components  by  aligning  the  polarizing  directions  of  said  differently  polarized  components  of  said 
polarized  light  beam  from  said  wave  plate  to  produce  said  aligned  light  beam,  and 

40  wherein  said  photodetector  (11)  is  responsive  to  said  aligned  light  beam  for  detecting  light 
intensities  of  said  aligned  light  beam  at  forward  and  backward  positions  reflected  or  transmitted  from 
forward  and  backward  parts  of  said  beam  spot  with  respect  to  the  moving  direction  of  said  recording 
medium  so  as  to  produce  forward  and  backward  light  intensity  signals  as  said  electrical  signal;  and 

subtracting  means  (12)  for  receiving  said  forward  and  backward  light  intensity  signals  and 
45  generating  a  difference  signal  representing  difference  in  the  light  intensities  between  said  forward  and 

backward  light  intensity  signals  when  a  part  of  said  beam  spot  hits  the  trailing  or  leading  edge  of  said 
recorded  region,  said  difference  signal  being  supplied  to  said  processing  means  as  said  electrical 
signal. 

50  2.  A  magneto-optical  disk  reading  apparatus  comprising: 
irradiating  means  (1,  2,  3,  4,  6)  for  irradiating  a  beam  spot  on  a  recording  medium  (7)  with  a 

linearly  polarized  light  beam,  said  recording  medium  having  information  magneto-optically  recorded 
thereon  so  as  to  form  successive  recorded  and  non-recorded  region; 

a  first  beam  splitter  (5)  arranged  in  a  path  of  reflected  or  transmitted  light  beam  caused  by  said 
55  recording  medium  reflecting  or  transmitting  said  beam  spot,  for  changing  a  direction  of  said  path  of 

said  reflected  a  transmitted  light  beam  to  produce  a  splitted  light  beam; 
photodetector  means  (16,  17)  responsive  to  said  splitted  light  beam  for  detecting  and  converting 

said  splitted  light  beam  to  an  electrical  signal;  and 
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processing  means  (21)  responsive  to  said  electrical  signal  so  as  to  reproduce  data  information  on 
said  recording  medium,  characterized  in  that  said  magneto-optical  disk  reading  apparatus  further 
comprises: 

a  wave  plate  (9)  arranged  in  a  path  of  said  splitted  light  beam  supplied  from  said  first  beam  splitter, 
5  for  changing  relative  phases  of  differently  polarized  components  in  said  splitted  light  beam  to  produce 

a  polarized  light  beam; 
a  second  beam  splitter  (15)  for  further  splitting  said  splitted  light  beam  after  it  has  passed  said 

wave  plate,  said  splitted  light  beam  being  split  into  two  light  beams  which  are  linearly  polarized  in 
mutually  orthogonal  directions,  each  of  said  two  light  beams  changing  their  intensity  distributions  in 

io  response  to  recorded  information  on  said  recording  medium  in  a  direction  corresponding  to  the  moving 
direction  of  said  recording  medium,  wherein  said  photodetector  means  includes  two  photodetectors  (16, 
17)  for  detecting  light  intensities  of  said  two  light  beams,  respectively,  at  forward  and  backward 
positions  reflected  or  transmitted  from  forward  and  backward  parts  of  said  beam  spot  with  respect  to 
the  moving  direction  of  said  recording  medium; 

is  two  subtracting  means  (18,  19)  far  generating  first  and  second  difference  signals  each  representing 
differences  in  the  light  intensities  between  said  forward  and  backward  positions  of  each  of  said  two  light 
beams;  and 

circuit  means  (20)  for  producing  a  third  difference  signal  representing  a  difference  between  said 
first  and  second  difference  signals,  said  third  difference  signal  being  supplied  from  said  circuit  means 

20  to  said  processing  means  (21)  as  said  electrical  signal  representative  of  a  reproduced  signal  of  said 
magneto-optically  recorded  information. 

3.  A  magneto-optical  disk  reading  apparatus  according  to  claim  1  or  claim  2,  wherein  said  wave  plate  (9) 
is  a  quarter-wave  plate. 

25 
4.  A  magneto-optical  disk  reading  apparatus  according  to  claim  1  or  claim  2,  wherein  said  wave  plate  (9) 

varies  its  refractive  index  in  accordance  with  the  polarized  direction  of  said  light  beam. 

5.  A  magneto-optical  disk  reading  apparatus  according  to  claim  1  or  claim  2,  wherein  said  photodetector 
30  (11,  16,  17)  is  divided  into  two  portions  for  detecting  the  lights  from  said  forward  and  backward  parts. 

6.  A  magneto-optical  disk  reading  method  comprising  the  steps  of: 
irradiating  a  recording  medium  (7)  on  which  information  is  magneto-optically  recorded,  with  a 

linearly  polarized  light  beam;  and 
35  processing  a  reflected  or  transmitted  light  beam  of  said  linearly  polarized  light  beam  reflected  or 

transmitted  from  said  recording  medium  to  reproduce  the  information  recorded  on  the  recording 
medium;  characterized  in  that  said  recording  method  further  comprises,  between  said  irradiating  step 
and  said  processing  step,  the  steps  of: 

changing  the  relative  phase  of  the  differently  polarized  components  in  said  light  beam  by  a  wave 
40  plate  (9)  or  the  like; 

combining  the  differently  polarized  components  by  aligning  the  polarizing  directions  of  the  light 
beam  having  passed  said  wave  plate; 

detecting  the  light  intensities  of  the  forward  and  backward  parts  of  said  light  beam  with  respect  to 
the  moving  direction  of  said  recording  medium  in  the  far  field  of  the  light  beam;  and 

45  generating  a  difference  between  the  detected  signals  of  said  forward  and  backward  parts  of  said 
light  beam  to  reproduce  the  information  recorded  on  the  recording  medium. 

Patentanspruche 

50  1.  Lesegerat  fur  magnetooptische  Platten,  enthaltend: 
eine  Beleuchtungseinrichtung  (1,  2,  3,  4,  6)  zum  Beleuchten  eines  Strahlflecks  auf  einem  Aufzeich- 
nungsmedium  (7)  mit  einem  linear  polarisierten  Lichtstrahl,  wobei  das  Aufzeichnungsmedium  Informa- 
tionen  enthalt,  die  magnetooptisch  so  darauf  aufgezeichnet  sind,  dal3  aufeinanderfolgende  bespielte  und 
unbespielte  Bereiche  gebildet  werden; 

55  einen  Strahlteiler  (5),  der  im  Weg  eines  reflektierten  oder  eines  durchgelassenen  Lichtstrahls  angeord- 
net  ist,  der  dadurch  hervorgerufen  wird,  dal3  das  Aufzeichnungsmedium  den  Strahlfleck  reflektiert  oder 
durchlaBt,  zum  Andern  einer  Richtung  des  Wegs  des  reflektierten  oder  durchgelassenen  Lichtstrahls, 
urn  einen  aufgespaltenen  Lichtstrahl  zu  erzeugen; 
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einen  Analysator  (10),  der  in  einem  Weg  des  aufgespaltenen  Lichtstrahls  angeordnet  ist,  urn  einen 
ausgerichteten  Lichtstrahl  zu  erzeugen; 
einen  Photodetektor  (11)  zum  Empfangen  des  von  dem  Analysator  gelieferten  ausgerichteten  Licht- 
strahls  und  zum  Nachweisen  und  Umwandeln  des  ausgerichteten  Lichtstrahls  in  ein  elektrisches  Signal; 
und 
eine  Verarbeitungseinheit  (13),  die  so  auf  das  elektrische  Signal  reagiert,  dal3  Dateninformationen  auf 
dem  Aufzeichnungsmedium  reproduziert  werden,  dadurch  gekennzeichnet,  dal3  das  Lesegerat  fur 
magnetooptische  Platten  auBerdem  enthalt: 
ein  Wellenplattchen  (9),  das  in  einem  Weg  des  aufgespaltenen  Lichtstrahls  und  zwischen  dem 
Strahlteiler  und  dem  Analysator  angeordnet  ist,  zum  Andern  relativer  Phasen  der  verschieden  polari- 
sierten  Komponenten  im  aufgespaltenen  Lichtstrahl,  urn  einen  polarisierten  Lichtstrahl  zu  erzeugen, 
wobei  der  Analysator  (10)  die  verschieden  polarisierten  Komponenten  kombiniert,  indem  die  Polarisa- 
tionsrichtungen  der  verschieden  polarisierten  Komponenten  des  polarisierten  Lichtstrahls  aus  der 
Wellenplatte  ausgerichtet  werden,  den  ausgerichteten  Lichtstrahl  zu  erzeugen,  und 
wobei  der  Photodetektor  (11)  auf  den  ausgerichteten  Lichtstrahl  reagiert,  urn  Lichtintensitaten  des 
ausgerichteten  Lichtstrahls  an  einer  vorderen  und  einer  hinteren  Position  nachzuweisen,  die  von 
vorderen  und  hinteren  Teilen  des  Strahlflecks  bezuglich  der  Bewegungsrichtung  des  Aufzeichnungsme- 
diums  reflektiert  oder  durchgelassen  werden,  so  dal3  ein  vorderes  und  ein  hinteres  Lichtintensitatssignal 
als  das  elektrische  Signal  erzeugt  werden;  und 
eine  Subtraktionseinrichtung  (12)  zum  Empfangen  des  vorderen  und  des  hinteren  Lichtintensitatssignals 
und  zum  Erzeugen  eines  Differenzsignals,  das  einer  Differenz  in  den  Lichtintensitaten  zwischen  dem 
vorderen  und  dem  hinteren  Lichtintensitatssignal  reprasentiert,  wenn  ein  Teil  des  Strahlflecks  den 
nacheilenden  oder  voreilenden  Rand  des  bespielten  Bereichs  trifft,  wobei  das  Differenzsignal  der 
Verarbeitungseinrichtung  als  das  elektrische  Signal  zugefuhrt  wird. 

Lesegerat  fur  magnetooptische  Platten,  enthaltend: 
eine  Beleuchtungseinrichtung  (1,  2,  3,  4,  6)  zum  Beleuchten  eines  Strahlflecks  auf  einem  Aufzeich- 
nungsmedium  (7)  mit  einem  linear  polarisierten  Lichtstrahl,  wobei  das  Aufzeichnungsmedium  Informa- 
tionen  enthalt,  die  magnetooptisch  so  darauf  aufgezeichnet  sind,  dal3  aufeinanderfolgende  bespielte  und 
unbespielte  Bereiche  gebildet  werden; 
einen  ersten  Strahlteiler  (5),  der  im  Weg  eines  reflektierten  oder  eines  durchgelassenen  Lichtstrahls 
angeordnet  ist,  der  dadurch  hervorgerufen  wird,  dal3  das  Aufzeichnungsmedium  den  Strahlfleck  reflek- 
tiert  oder  durchlaBt,  zum  Andern  einer  Richtung  des  Wegs  des  reflektierten  oder  durchgelassenen 
Lichtstrahls,  urn  einen  aufgespaltenen  Lichtstrahl  zu  erzeugen; 
eine  Photodetektoreinrichtung  (16,  17),  die  auf  den  aufgespaltenen  Lichtstrahl  reagiert,  zum  Nachwei- 
sen  und  Umwandeln  des  ausgerichteten  Lichtstrahls  in  ein  elektrisches  Signal;  und 
eine  Verarbeitungseinrichtung  (21),  die  so  auf  das  elektrische  Signal  reagiert,  dal3  Dateninformationen 
auf  dem  Aufzeichnungsmedium  reproduziert  werden,  dadurch  gekennzeichnet,  dal3  das  Lesegerat  fur 
magnetooptische  Platten  auBerdem  enthalt: 
ein  Wellenplattchen  (9),  das  in  einem  Weg  des  aufgespaltenen  Lichtstrahls  angeordnet  ist,  der  von  dem 
ersten  Strahlteiler  geliefert  wird,  zum  Andern  relativer  Phasen  der  verschieden  polarisierten  Komponen- 
ten  im  aufgespaltenen  Lichtstrahl,  urn  einen  polarisierten  Lichtstrahl  zu  erzeugen; 
einen  zweiten  Strahlteiler  (15)  zum  weiteren  Aufspalten  des  aufgespaltenen  Lichtstrahls,  nachdem  er 
das  Wellenplattchen  durchlaufen  hat,  wobei  der  aufgespaltene  Strahl  in  zwei  Lichtstrahlen  aufgespalten 
wird,  die  in  zueinander  senkrechten  Richtungen  linear  polarisiert  sind,  und  jeder  der  beiden  Lichtstrah- 
len  seine  Intensitatsverteilung  in  Reaktion  auf  aufgezeichnete  Informationen  auf  dem  Aufzeichnungsme- 
dium  in  einer  Richtung  andert,  die  der  Bewegungsrichtung  des  Aufzeichnungsmediums  entspricht, 
wobei  die  Photodetektoreinrichtung  zwei  Photodetektoren  (16,  17)  zum  Nachweisen  von  Lichtintensita- 
ten  des  ersten  bzw.  des  zweiten  Lichtstrahls  an  einer  vorderen  und  einer  hinteren  Position  enthalt,  die 
von  vorderen  und  hinteren  Teilen  des  Strahlflecks  bezuglich  der  Bewegungsrichtung  des  Aufzeich- 
nungsmediums  reflektiert  oder  durchgelassen  werden; 
zwei  Subtraktionseinrichtungen  (18,  19)  zum  Erzeugen  eines  ersten  und  eines  zweiten  Differenzsignals, 
von  denen  jedes  Differenzen  in  den  Lichtintensitaten  zwischen  der  vorderen  und  der  hinteren  Position 
jedes  der  beiden  Lichtstrahlen  reprasentiert;  und 
eine  Schaltungseinrichtung  (20)  zum  Erzeugen  eines  dritten  Differenzsignals,  das  eine  Differenz 
zwischen  dem  ersten  und  dem  zweiten  Differenzsignal  reprasentiert,  wobei  das  dritte  Differenzsignal 
von  der  Schaltungseinrichtung  zu  der  Verarbeitungseinrichtung  (21)  als  das  elektrische  Signal  geleitet 
wird,  das  ein  reproduziertes  Signal  der  magnetooptisch  aufgezeichneten  Informationen  reprasentiert. 
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3.  Lesegerat  fur  magnetooptische  Platten  nach  Anspruch  1  oder  Anspruch  2,  bei  dem  das  Wellenplatt- 
chen  (9)  ein  Viertelwellenplattchen  ist. 

4.  Lesegerat  fur  magnetooptische  Platten  nach  Anspruch  1  oder  Anspruch  2,  bei  dem  das  Wellenplatt- 
5  chen  (9)  seinen  Brechungsindex  in  Ubereinstimmung  mit  der  Polarisationsrichtung  des  Lichtstrahls 

andert. 

5.  Lesegerat  fur  magnetooptische  Platten  nach  Anspruch  1  oder  Anspruch  2,  bei  dem  der  Photodetektor 
(11,  16,  17)  in  zwei  Abschnitte  zum  Nachweisen  des  Lichts  von  dem  vorderen  und  dem  hinteren  Teil 

io  unterteilt  ist. 

6.  Verfahren  zum  Lesen  einer  magnetooptischen  Platte,  mit  den  Schritten: 
Beleuchten  eines  Aufzeichnungsmediums  (7),  auf  dem  Informationen  magnetooptisch  aufgezeichnet 
sind,  mit  einem  linear  polarisierten  Lichtstrahl;  und 

is  Verarbeiten  eines  reflektierten  oder  durchgelassenen  Lichtstrahls  des  linear  polarisierten  Lichtstrahls, 
der  von  dem  Aufzeichnungsmedium  reflektiert  oder  durchgelassen  wird,  urn  die  auf  dem  Aufzeich- 
nungsmedium  aufgezeichneten  Informationen  zu  reproduzieren;  dadurch  gekennzeichnet,  dal3  das 
Aufzeichnungsverfahren  auBerdem  zwischen  dem  Beleuchtungsschritt  und  dem  Verarbeitungsschritt  die 
Schritte  aufweist: 

20  Andern  der  relativen  Phase  der  verschieden  polarisierten  Komponenten  in  dem  Lichtstrahl  mittels  eines 
Wellenplattchens  (9)  oder  dergleichen; 
Kombinieren  der  verschieden  polarisierten  Komponenten  durch  Ausrichten  der  Polarisationsrichtungen 
des  Lichtstrahls,  der  das  Wellenplattchen  durchlaufen  hat; 
Nachweisen  der  Lichtintensitaten  des  vorderen  und  des  hinteren  Teils  des  Lichtstrahls  bezuglich  der 

25  Bewegungsrichtung  des  Aufzeichnungsmediums  im  Fernfeld  des  Lichtstrahls;  und 
Erzeugen  einer  Differenz  zwischen  den  nachgewiesenen  Signalen  des  vorderen  und  des  hinteren  Teils 
des  Lichtstrahls,  urn  die  auf  dem  Aufzeichnungsmedium  aufgezeichneten  Informationen  zu  reproduzie- 
ren. 

30  Revendicatlons 

1.  Appareil  de  lecture  d'un  disque  magneto-optique  comprenant  : 
un  moyen  d'irradiation  (1,  2,  3,  4,  6)  pour  diriger  un  point  d'un  faisceau  sur  un  support 

d'enregistrement  (7)  avec  un  faisceau  lumineux  lineairement  polarise,  le  support  d'enregistrement  ayant 
35  des  informations  enregistrees  magneto-optiquement  sur  celui-ci  de  fagon  a  constituer  des  regions 

successives  enregistrees  et  non-enregistrees  ; 
un  separateur  de  faisceau  (5)  dispose  dans  un  trajet  du  faisceau  lumineux  reflechi  ou  transmis  par 

le  support  d'enregistrement  reflechissant  ou  transmettant  le  point  du  faisceau  pour  changer  la  direction 
du  trajet  du  faisceau  lumineux  reflechi  ou  transmis  afin  de  produire  un  faisceau  lumineux  separe  ; 

40  un  analyseur  (10)  dispose  dans  un  trajet  du  faisceau  lumineux  separe  pour  produire  un  faisceau 
lumineux  aligne  ; 

un  photodetecteur  (11)  pour  recevoir  le  faisceau  de  lumiere  aligne  delivre  a  partir  de  I'analyseur 
pour  detecter  et  convertir  le  faisceau  lumineux  aligne  en  un  signal  electrique,  et 

un  moyen  de  traitement  (13)  repondant  au  signal  electrique  de  fagon  a  reproduire  les  informations 
45  sur  le  support  d'enregistrement,  caracterise  en  ce  que  I'appareil  de  lecture  du  disque  magneto-optique 

comprend  de  plus  : 
une  lame  d'onde  (9)  disposee  dans  un  trajet  du  faisceau  lumineux  separe  et  situe  entre  le 

separateur  de  faisceau  et  I'analyseur,  pour  changer  les  phases  relatives  des  composantes  differemment 
polarisees  dans  le  faisceau  lumineux  separe  pour  produire  un  faisceau  lumineux  polarise,  dans  lequel 

50  I'analyseur  (10)  combine  les  composantes  differemment  polarisees  en  alignant  les  directions  de 
polarisation  des  composantes  differemment  polarisees  du  faisceau  lumineux  polarise  provenant  de  la 
lame  d'onde  afin  de  produire  le  faisceau  lumineux  aligne,  et 

dans  lequel  le  photodetecteur  (11)  est  sensible  au  faisceau  lumineux  aligne  pour  detecter  les 
intensites  lumineuses  du  faisceau  lumineux  aligne  aux  positions  a  I'avant  et  a  I'arriere  reflechies  ou 

55  transmises  a  partir  des  parties  a  I'avant  et  a  I'arriere  du  point  d'un  faisceau  par  rapport  au  sens  de 
deplacement  du  support  d'enregistrement  de  fagon  a  produire  des  signaux  d'intensite  de  lumiere  avant 
et  arriere  en  tant  que  signal  electrique,  et 

un  moyen  de  soustraction  (12)  pour  recevoir  les  signaux  d'intensite  de  lumiere  a  I'avant  et  a 
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I'arriere  et  produire  un  signal  de  difference  representant  la  difference  des  intensites  lumineuses  entre 
les  signaux  d'intensite  lumineuse  a  I'avant  et  a  I'arriere  lorsqu'une  partie  du  point  d'un  faisceau  heurte 
le  bord  arriere  ou  le  bord  avant  de  la  region  enregistree,  le  signal  de  difference  etant  delivre  au  moyen 
de  traitement  en  tant  que  signal  electrique. 

5 
2.  Appareil  de  lecture  d'un  disque  magneto-optique  comprenant  : 

un  moyen  d'irradiation  (1,  2,  3,  4,  6)  pour  diriger  un  point  d'un  faisceau  sur  un  support 
d'enregistrement  (7)  avec  un  faisceau  lumineux  lineairement  polarise,  le  support  d'enregistrement  ayant 
des  informations  magneto-optiquement  enregistrees  sur  celui-ci  de  fagon  a  constituer  des  regions 

io  successives  enregistrees  et  non-enregistrees  ; 
un  premier  separateur  de  faisceaux  (5)  dispose  dans  un  trajet  du  faisceau  lumineux  reflechi  ou 

transmis  provoque  par  la  reflexion  ou  transmission  par  le  support  d'enregistrement  du  point  d'un 
faisceau,  pour  changer  la  direction  du  trajet  du  faisceau  lumineux  reflechi  ou  transmis  afin  de  produire 
un  faisceau  lumineux  separe  ; 

is  un  moyen  de  photodetecteur  (16,  17)  repondant  au  faisceau  lumineux  separe  pour  detecter  et 
convertir  le  faisceau  lumineux  separe  en  un  signal  electrique,  et 

un  moyen  de  traitement  (21)  repondant  au  signal  electrique  de  fagon  a  reproduire  les  informations 
sur  le  support  d'enregistrement,  caracterise  en  ce  que  I'appareil  de  lecture  du  disque  magneto-optique 
comprend  de  plus  : 

20  une  lame  d'onde  (9)  disposee  dans  un  trajet  du  faisceau  lumineux  separe  delivre  a  partir  du 
premier  separateur  de  faisceau,  pour  changer  les  phases  relatives  des  composantes  differemment 
polarisees  dans  le  faisceau  lumineux  separe  afin  de  produire  un  faisceau  lumineux  polarise  ; 

un  second  separateur  de  faisceaux  (15)  pour  separer  de  plus  le  faisceau  lumineux  separe  apres 
qu'il  soit  passe  par  la  lame  d'onde,  le  faisceau  lumineux  separe  etant  separe  en  deux  faisceaux 

25  lumineux  qui  sont  lineairement  polarises  dans  des  directions  mutuellement  orthogonales,  chacun  des 
deux  faisceaux  lumineux  changeant  leur  distribution  d'intensite  en  reponse  aux  informations  enregis- 
trees  sur  le  support  d'enregistrement  dans  une  direction  correspondant  au  sens  de  deplacement  du 
support  d'enregistrement,  dans  lequel  le  moyen  de  photodetecteur  comporte  deux  photodetecteurs  (16, 
17)  pour  detecter  les  intensites  lumineuses  des  deux  faisceaux  lumineux,  respectivement,  aux  positions 

30  a  I'avant  et  a  I'arriere  reflechis  ou  transmis  a  partir  des  parties  a  I'avant  et  a  I'arriere  du  point  d'un 
faisceau  par  rapport  au  sens  de  deplacement  du  support  d'enregistrement  ; 

deux  moyens  de  soustraction  (18,  19)  pour  produire  des  premier  et  second  signaux  de  difference 
chacun  representant  les  differences  des  intensites  lumineuses  entre  les  positions  a  I'avant  et  a  I'arriere 
de  chacun  des  deux  faisceaux  lumineux,  et 

35  un  moyen  de  circuit  (20)  pour  produire  un  troisieme  signal  de  difference  representant  la  difference 
entre  les  premier  et  second  signaux  de  difference,  le  troisieme  signal  de  difference  etant  delivre  a 
partir  du  moyen  de  circuit  au  moyen  de  traitement  (21)  en  tant  que  signal  electrique  representatif  du 
signal  reproduit  des  informations  enregistrees  magneto-optiquement. 

40  3.  Appareil  de  lecture  d'un  disque  magneto-optique  selon  la  revendication  1  ou  la  revendication  2,  dans 
lequel  la  lame  d'onde  (9)  est  une  lame  quart-d'onde. 

4.  Appareil  de  lecture  d'un  disque  magneto-optique  selon  la  revendication  1  ou  la  revendication  2,  dans 
lequel  la  lame  d'onde  (9)  fait  varier  son  indice  de  refraction  en  conformite  avec  la  direction  de 

45  polarisation  du  faisceau  lumineux. 

5.  Appareil  de  lecture  d'un  disque  magneto-optique  selon  la  revendication  1  ou  la  revendication  2,  dans 
lequel  le  photodetecteur  (11,  16,  17)  est  divise  en  deux  parties  pour  detecter  les  lumieres  provenant 
des  parties  a  I'avant  et  a  I'arriere. 

50 
6.  Procede  pour  lire  un  disque  magneto-optique  comprenant  les  etapes  consistant  a  : 

diriger  sur  un  support  d'enregistrement  (7)  sur  lequel  des  informations  sont  magneto-optiquement 
enregistrees  un  faisceau  lumineux  lineairement  polarise,  et 

traiter  un  faisceau  lumineux  reflechi  ou  transmis  du  faisceau  lumineux  lineairement  polarise  reflechi 
55  ou  transmis  a  partir  du  support  d'enregistrement  afin  de  reproduire  des  informations  enregistrees  sur  le 

support  d'enregistrement  ;  caracterise  en  ce  que  le  procede  d'enregistrement  comprend  de  plus,  entre 
I'etape  d'emission  du  faisceau  et  I'etape  de  traitement,  les  etapes  consistant  a  : 

changer  la  phase  relative  des  composantes  differemment  polarisees  dans  le  faisceau  lumineux  par 
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une  lame  d'onde  (9)  ou  analogues  ; 
combiner  les  composantes  differemment  polarisees  en  alignant  les  directions  de  polarisation  du 

faisceau  lumineux  etant  passe  par  la  lame  d'onde  ; 
detecter  les  intensites  lumineuses  des  parties  vers  I'avant  et  vers  I'arriere  du  faisceau  lumineux  par 

rapport  au  sens  de  deplacement  du  support  d'enregistrement  dans  le  champ  lointain  du  faisceau 
lumineux,  et 

produire  une  difference  entre  les  signaux  detectes  des  parties  vers  I'avant  et  vers  I'arriere  du 
faisceau  lumineux  pour  reproduire  les  informations  enregistrees  sur  le  support  d'enregistrement. 
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