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Description 

The  present  invention  relates  to  method  for 
detecting  a  focus  error  which  is  used  when  in- 
formation  is  recorded  and/or  reproduced  by  irra- 
diating  a  light  beam  onto  an  optical  recording  me- 
dium  and,  more  particularly,  to  a  focus  error  detec- 
tion  method  in  which  a  light  beam  having  an  astig- 
matism  is  focused  onto  the  medium  surface  and  a 
focus  error  signal  is  detected  by  using  the  reflected 
lights.  The  invention  also  relates  to  an  optical  in- 
formation  processing  system  to  record  and/or  re- 
produce  information  onto/from  an  optical  recording 
medium  such  as  an  optical  disk  by  using  such  a 
focus  error  detecting  method. 

Most  of  focus  error  detection  systems  which 
are  used  in  conventional  optical  disk  devices  or  the 
like  use  a  principle  such  that  a  shape  of  reflected 
light  beam  from  the  disk  changes  due  to  a  focus 
error.  The  reflected  light  beam  is  detected  by  multi 
divided  photo-detectors  and  an  unbalance  of  out- 
puts  of  these  photo-detectors  which  is  caused  due 
to  a  change  in  shape  of  the  reflected  light  beam  on 
the  multi  divided  photo-detectors  due  to  the  focus 
error  is  used  as  a  focus  error  detection  signal. 

As  such  a  kind  of  focus  error  detection  system, 
for  instance,  there  has  been  known  an  astigmatism 
system  disclosed  in,  e.g.,  U.S.  Patent  4,293,944. 
That  is,  when  an  astigmatism  is  given  from  an 
astigmatism  device  such  as  a  cylindrical  lens  or 
the  like  to  the  reflected  light  beam  from  a  disk,  two 
astigmatic  foci  or  caustic  surfaces  which  are  per- 
pendicular  to  each  other  are  formed  at  separated 
positions  and  the  light  beam  becomes  a  circle  at 
the  position  of  the  circle  of  least  confusion  almost 
at  the  center  between  the  astigmatic  foci.  There- 
fore,  four  divided  photo-detectors  are  arranged  at 
the  circle  of  least  confusion  position  to  detect  the 
reflected  light  from  the  disk,  the  outputs  of  the 
photo-detector  elements  arranged  at  the  diagonal 
positions  are  respectively  added,  and  the  differ- 
ence  between  two  addition  signals  is  calculated,  so 
that  a  focus  error  detection  signal  is  derived. 

When  setting  an  objective  point  for  focusing, 
the  point  at  which  the  data  signal  or  the  like  be- 
comes  maximum  or  the  point  at  which  the  reflected 
light  amount  which  is  returned  to  a  light  source 
becomes  maximum  is  detected  by  another  measur- 
ing  system  different  from  the  focusing  system, 
thereby  setting  the  zero  point  (objective  point  for 
focusing)  of  the  focus  error  detection  signal. 

In  the  above  astigmatism  system,  for  instance, 
there  is  a  case  such  that  when  a  light  spot  passes 
through  a  data  pit  or  the  like  on  the  disk  surface, 
the  focus  error  detection  signal  is  nonlinear  with 
respect  to  focus  deviations  so  that  the  auto  focus- 
ing  control  system  oscillates.  This  is  because  when 
the  light  spot  passes  through  a  data  pit  or  the  like, 

a  space  distribution  of  light  intensities  of  the  light 
beam  reflected  from  the  disk  changes,  so  that  an 
unbalance  is  caused  among  the  outputs  of  the 
multi  divided  photo-detectors. 

5  On  the  other  hand,  there  is  a  problem  such  that 
when  the  attaching  positions  of  the  optical  parts  are 
deviated  due  to  a  temperature  change  or  the  like, 
the  positions  of  the  light  beams  on  the  multi  di- 
vided  photo-detector  surfaces  are  deviated,  so  that 

io  an  unbalance  occurs  among  the  outputs  of  these 
photo-detectors  and  the  zero  point  position  of  a 
focus  error  detection  signal  is  deviated  from  a 
focusing  objective  point. 

It  is  an  object  of  the  present  invention  to  pro- 
75  vide  a  focus  error  detection  method  which  is  not 

influenced  by  data  pits  or  the  like  on  a  recording 
medium  surface  and  in  which  no  offset  is  caused  in 
the  focus  error  detection  signal  even  if  the  attach- 
ing  positions  of  the  optical  parts  change. 

20  Another  object  of  the  invention  is  to  provide  a 
focus  error  detection  method  which  can  autono- 
mously  adjust  the  focusing  objective  point  without 
being  influenced  by  changes  in  attaching  positions 
of  the  optical  parts. 

25  Still  another  object  of  the  invention  is  to  pro- 
vide  an  optical  information  processing  system  for 
recording  and/or  reproducing  information  onto/from 
an  optical  recording  medium  by  using  the  focus 
error  detection  method. 

30  According  to  one  aspect  of  the  invention,  an 
astigmatism  is  given  to  a  light  beam  which  is 
focused  onto  a  recording  medium  (e.g.,  disk)  and 
the  reflected  light  modulated  by  two  kinds  of  pits 
formed  on  the  recording  medium  surface  is  de- 

35  tected  by  a  photo-detector.  When  the  light  beam 
having  the  astigmatism  is  focused  by  a  focusing 
lens,  two  orthogonal  astigmatic  foci  are  formed  at 
remote  positions  and  a  circle  of  least  confusion  is 
formed  at  an  almost  center  position  between  both 

40  of  the  astigmatic  foci.  When  the  recording  medium 
surface  is  located  at  the  circle  of  least  confusion 
position,  the  same  or  identical  modulation  is  pro- 
vided  for  the  light  beam.  When  the  recording  me- 
dium  surface  is  deviated  from  the  circle  of  the  least 

45  confusion  position,  the  two  kinds  of  pits  (or  marks) 
provide  different  modulations  to  the  light  beam. 
These  two  kinds  of  pits  or  marks  are  respectively 
provided  at  a  predetermined  interval  so  that  the 
light  spot  which  is  focused  onto  the  recording  me- 

50  dium  surface  is  modulated  at  a  predetermined  pe- 
riod.  For  instance,  when  the  recording  medium  is 
rotated  at  the  CLV  (Constant  Linear  Velocity),  those 
pits  or  marks  are  provided  at  a  predetermined 
interval.  When  the  recording  medium  is  rotated  at 

55  the  CAV  (Constant  Angular  Velocity),  those  pits  or 
marks  are  provided  such  that  the  interval  there- 
between  increases  as  the  positions  of  the  pits  or 
marks  approach  the  outer  periphery  of  the  disk  so 

2 
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as  to  equalize  the  number  of  pits  or  marks  which 
are  provided  per  rotation.  The  light  reflected  by  the 
recording  medium  surface  and  passed  through  the 
focusing  lens  is  detected  by  the  photo-detector,  a 
signal  modulated  by  at  least  one  pit  or  mark  of  the 
two  kinds  of  pits  or  marks  is  extracted  from  the 
output  of  the  photo-detector  for  obtaining  a  focus 
error  detection  signal  in  which  a  point  when  the 
recording  medium  surface  is  located  at  the  circle  of 
least  confusion  position  between  both  of  the  as- 
tigmatic  foci  is  set  to  a  focal  point  (or  zero  point) 
from  the  phase  or  level  of  the  extracted  signal.  The 
phase  denotes  the  timing  for  the  modulation  which 
is  applied  to  the  light  beams  by  the  pits  or  marks 
and  the  level  denotes  the  level  of  modulation  which 
is  applied  to  the  light  beams  by  the  pits  or  marks. 
The  photo-detector  may  consist  of  a  photo-detector 
having  one  photo-detecting  element  or  of  a  multi 
divided  photo-detector  having  a  plurality  of  photo- 
detecting  elements.  A  focus  error  signal  is  detected 
by  using  all  of  the  output  of  the  photo-detector. 
According  to  the  conventional  astigmatism  system 
mentioned  above,  the  focus  error  detection  signal 
is  obtained  by  detecting  the  differences  among  the 
changes  in  intensity  distribution  of  the  light  beams 
on  the  surfaces  of  multi  divided  photo-detectors. 
Therefore,  when  the  optical  axis  of  the  light  beam 
is  deviated  on  the  photo-detector  surface  or  its  light 
intensity  distribution  changes,  an  offset  occurs  in 
the  focus  error  detection  signal.  However,  accord- 
ing  to  the  invention,  since  the  focus  error  detection 
signal  is  obtained  by  using  all  of  the  output  of  the 
photo-detector,  it  is  sufficient  to  arrange  the  photo- 
detector  in  the  light  beam  of  the  reflected  light 
which  passed  through  the  focusing  lens  so  as  to 
detect  a  total  light  amount.  It  is  thus  possible  to 
obtain  a  focus  error  detection  signal  which  is  hardly 
influenced  by  a  deviation  of  the  optical  axes  of  the 
reflected  light  on  the  photo-detector  surfaces  and 
by  a  change  in  light  intensity  distribution.  There- 
fore,  there  is  no  need  to  match  the  optical  axis  of 
the  center  of  the  photo-detector  and  the  reflected 
light.  The  apparatus  can  be  also  easily  assembled. 

Moreover,  the  focusing  objective  point  is  lo- 
cated  at  the  position  of  the  circle  of  least  confusion 
between  two  astigmatic  foci  such  that  the  cross 
section  of  the  light  beams  becomes  a  circle.  This 
position  corresponds  to  the  zero  point  position  of 
the  focus  error  detection  signal  and  the  focusing 
objective  point  can  be  autonomously  adjusted.  Ac- 
cording  to  the  conventional  astigmatism  system,  an 
astigmatism  is  given  to  the  reflected  light  from  the 
recording  medium  surface  to  thereby  form  two 
astigmatic  foci.  The  zero  point  of  the  differential 
output  of  a  multi  divided  photo-detector  arranged  at 
almost  the  circle  of  least  confusion  position  is  set 
to  the  zero  point  of  the  focus  error  detection  signal. 
Therefore,  this  zero  point  is  independent  of  the 

position  of  the  light  spot  which  is  irradiated  onto 
the  recording  medium.  As  mentioned  above,  the 
point  at  which  the  data  signal  or  the  like  becomes 
maximum  or  the  point  at  which  the  amount  of 

5  reflected  light  which  are  returned  to  the  light 
source  becomes  maximum  is  detected  by  another 
measuring  system  different  from  the  focusing  sys- 
tem.  This  point  is  set  as  the  focusing  objective 
point  and  the  zero  point  of  the  focus  error  detection 

io  signal  needs  to  be  set. 
By  using  the  focus  error  detection  method  ac- 

cording  to  the  invention  in  combination  with  other 
well-known  focus  error  detection  method,  the  error 
detection  performance  can  be  further  improved. 

is  For  instance,  the  focus  error  signal  detected  by  the 
astigmatism  system  disclosed  in  the  foregoing 
U.S.P.  No.  4,293,944  or  by  the  front-to-back  dif- 
ferential  system  disclosed  in  U.S.P.  No.  4,742,218, 
is  used  as  a  control  signal  when  performing  the 

20  rough  pull-in  operation  of  the  focusing  control  and 
the  focus  error  detection  signal  according  to  the 
invention  is  used  as  a  control  signal  after  the  pull-in 
operation,  thereby  realizing  a  two-stage  servo-con- 
struction.  Due  to  this,  the  focusing  pull-in  operation 

25  becomes  stable  and  even  if  the  focusing  servo- 
control  is  made  inoperative  due  to  a  cause  of  a 
schock  or  the  like,  it  can  be  soon  made  operative. 

On  the  other  hand,  according  to  an  embodi- 
ment  of  the  invention,  the  signal  modulated  by  the 

30  pits  or  marks  is  extracted  from  all  of  the  output  of 
the  photo-detector  to  obtain  the  focus  error  detec- 
tion  signal  from  the  phase  or  level  of  the  extracted 
signal.  Thus  the  focus  error  detection  signal  can  be 
obtained  without  being  influenced  by  the  data  pits 

35  or  the  like  formed  on  the  recording  medium  sur- 
face. 

According  to  one  feature  of  the  invention,  pits 
or  marks  which  are  previously  formed  on  the  re- 
cording  medium  surface  at  positions  which  are 

40  mutually  deviated  in  the  direction  perpendicular  to 
the  spot  scanning  direction  are  used  as  two  kinds 
of  pits  or  marks  mentioned  above.  The  light  beam 
having  an  astigmatism  is  focused  by  the  focusing 
lens  in  a  manner  such  that  the  light  spot  intensity 

45  distribution  on  the  recording  medium  surface 
changes  in  directions  about  ±45°  with  respect  to 
the  scanning  direction  of  the  spot  in  accordance 
with  a  focus  error,  and  this  distribution  becomes  an 
isotropic  distribution  pattern  in  an  in-focus  state. 

50  The  light  reflected  by  the  recording  medium  sur- 
face  and  passed  through  the  focusing  lens  is  de- 
tected  by  the  photo-detector.  The  signal  modulated 
by  at  least  one  pit  or  mark  of  the  two  kinds  of  pits 
or  marks  is  extracted  from  all  of  the  output  of  the 

55  photo-detector,  thereby  obtaining  the  focus  error 
detection  signal  from  the  phase  of  this  signal.  For 
instance,  the  signals  which  are  respectively  modu- 
lated  by  the  two  kinds  of  pits  are  extracted  and  a 

3 
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difference  between  the  average  time  period  of 
these  modulated  signals  and  the  timing  of  the 
modulated  signal  from  one  pit  is  detected,  thereby 
obtaining  the  focus  error  detection  signal.  Since 
this  focus  error  detection  signal  is  detected  from 
the  phase  of  the  signal  modulated  by  the  pit,  it  is 
hardly  influenced  even  if  the  intensity  of  the  light 
beam  changes.  On  the  other  hand,  by  detecting 
the  level  difference  of  the  modulated  signals  by  the 
two  kinds  of  pits,  a  track  error  detection  signal  can 
be  derived.  The  two  kinds  of  pits  or  marks  can  be 
commonly  used  to  detect  both  of  the  focus  error 
and  the  track  error. 

According  to  another  feature  of  the  invention, 
long  pits  or  marks  which  are  previously  formed  in 
one  of  the  perpendicular  directions  on  the  record- 
ing  medium  surface  and  long  pits  or  marks  formed 
in  the  other  direction  are  used  as  the  two  kinds  of 
pits  or  marks.  Preferably,  one  of  the  two  kinds  of 
long  pits  or  marks  formed  respectively  in  the  per- 
pendicular  directions  is  formed  longly  in  the  scan- 
ning  direction  of  the  spot  and  the  other  is  formed 
longly  in  the  direction  perpendicular  to  the  spot 
scanning  direction.  The  light  beam  having  the 
astigmatism  is  focused  by  the  focusing  lens.  The 
light  spot  distribution  on  the  recording  medium 
changes  in  one  of  the  directions  where  the  two 
kinds  of  long  pits  are  formed  in  accordance  with 
the  focus  error.  This  distribution  becomes  an  iso- 
tropic  distribution  pattern  in  the  in-focus  state.  The 
light  reflected  by  the  recording  medium  surface 
and  passed  through  the  focusing  lens  is  detected 
by  the  photo-detector  and  the  signal  modulated  by 
at  least  one  of  the  two  kinds  of  pits  or  marks  is 
extracted  from  all  of  the  output  of  the  photo-detec- 
tor,  thereby  obtaining  the  focus  error  detection 
signal  from  the  level  of  the  extracted  signal.  For 
instance,  the  signals  which  are  respectively  modu- 
lated  by  the  two  kinds  of  pits  or  marks  are  ex- 
tracted  and  the  difference  between  the  levels  of 
these  modulated  signals  is  detected,  thereby  ob- 
taining  the  focus  error  detection  signal. 

Information  is  recorded  and  reproduced  along 
the  tracks  in  the  regions  where  none  of  the  two 
kinds  of  pits  or  marks  for  the  focus  error  detection 
is  formed.  According  to  one  feature,  the  two  kinds 
of  pits  are  intermittently  formed  along  the  tracks  on 
the  recording  medium  surface  so  as  to  alternately 
appear  at  regular  time  intervals  and  the  areas 
among  the  pits  are  used  as  recording  areas  of 
information  (user's  data).  According  to  another  fea- 
ture,  the  two  kinds  of  pits  are  provided  as  a  pair 
and  this  pair  of  pits  are  intermittently  formed  along 
the  tracks  on  the  recording  medium  surface  so  as 
to  appear  at  regular  time  intervals.  The  area  be- 
tween  a  certain  pair  of  pits  and  another  pair  of  pits 
is  used  as  the  recording  area  of  information.  The 
two  kinds  of  pits  or  marks  have  a  phase  structure 

or  a  convex/concave  structure  and  are  preferably 
previously  formed  on  the  recording  medium  sur- 
face.  On  the  other  hand,  guide  grooves  to  guide 
the  light  spot  may  be  also  previously  formed  in  the 

5  information  recording  area  between  the  pits  or 
marks.  Further,  address  information  indicative  of 
each  track  address,  a  sync  signal  to  record  data, 
and  the  like  can  be  also  preliminarily  formed  as 
necessary.  In  the  case  of  previously  forming  the 

io  two  kinds  of  pits  or  marks,  guide  grooves,  or  the 
like  by  the  phase  structure,  it  is  preferable  to  set 
the  pit  or  mark  to  an  optical  depth  of  1/4  of  the 
wavelength  of  the  light  beam  which  is  used  to 
record  or  reproduce  and  to  set  the  guide  groove  to 

is  an  optical  depth  of  1/8  of  the  light  beam 
wavelength. 

These  and  other  objects  and  many  of  the  at- 
tendant  advantages  of  this  invention  will  be  readily 
appreciated  as  the  same  becomes  better  under- 

20  stood  by  reference  to  the  following  detailed  de- 
scription  when  considered  in  connection  with  the 
accompanying  drawings. 

Figs.  1  to  4  are  diagrams  for  explaining  the 
operation  principle  of  a  focus  error  detection  meth- 

25  od  according  to  the  present  invention. 
Fig.  1  is  a  diagram  showing  a  focusing  state  of 

a  light  beam  having  an  astigmatism. 
Figs.  2a  to  2c  are  diagrams  showing  the  rela- 

tion  between  a  spot  focused  onto  a  recording  me- 
30  dium  surface  and  a  pit  and  a  state  of  a  reflected 

light  which  was  light  intensity  modulated  by  this  pit 
and  also  showing  the  case  of  obtaining  a  focus 
error  detection  signal  from  the  phase  of  the  modu- 
lated  signal. 

35  Fig.  3  is  a  diagram  showing  a  focusing  state  of 
the  light  beam  having  an  astigmatism  and  also 
showing  the  relation  between  the  spot  and  the  pit 
on  the  recording  medium  surface. 

Figs.  4a,  4b,  and  4c  are  diagrams  showing  the 
40  relation  between  the  spot  and  the  pit  and  a  modu- 

lating  state  of  the  reflected  light  and  also  showing 
the  case  of  obtaining  a  focus  error  detection  signal 
from  the  level  of  the  modulated  signal. 

Figs.  5  to  12  are  diagrams  for  explaining  an 
45  embodiment  of  the  present  invention. 

Fig.  5  is  an  arrangement  diagram  of  an  optical 
information  processing  apparatus  having  a  focus 
error  detection  apparatus  of  the  invention. 

Figs.  6a  and  6b  are  diagrams  showing  states 
50  on  the  recording  medium  surface. 

Fig.  7  is  a  block  diagram  showing  an  example 
of  a  control  circuit  for  automatic  focusing  and  track- 
ing  servo-control. 

Figs.  8  to  12  are  waveform  diagrams  for  ex- 
55  plaining  the  focus  error  detecting  operations. 

Figs.  13  to  19b  are  diagrams  showing  modi- 
fications  of  the  embodiment  of  Fig.  5. 
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Fig.  13  is  a  diagram  showing  one  modification 
of  an  optical  system  and  a  photo-detector. 

Fig.  14  is  a  diagram  for  explaining  the  opera- 
tion  of  Fig.  13. 

Fig.  15  is  a  diagram  showing  another  modifica- 
tion  of  the  photo-detector. 

Fig.  16  is  a  diagram  showing  a  modification  of 
pits  formed  on  the  recording  medium  surface. 

Fig.  17  is  a  block  diagram  showing  an  example 
of  a  pattern  recognizing  circuit  to  detect  the  posi- 
tions  of  the  pits  formed  on  the  recording  medium 
surface. 

Fig.  18  is  a  diagram  showing  another  example 
of  an  automatic  focusing  and  tracking  servo-control 
circuit. 

Figs.  19a  and  19b  are  block  diagrams  for  ex- 
plaining  another  method  of  obtaining  a  time  interval 
between  pits  51  and  52. 

Figs.  20  to  23i  are  diagrams  for  explaining  an 
embodiment  of  the  invention. 

Fig.  20  is  an  arrangement  diagram  of  an  optical 
information  processing  apparatus  having  a  focus 
error  detection  apparatus  of  the  invention. 

Figs.  21a  and  21b  are  diagrams  showing  states 
on  the  recording  medium  surface. 

Fig.  22  is  a  block  diagram  showing  an  example 
of  an  automatic  focusing  servo-control  circuit. 

Figs.  23a  to  23i  are  waveform  diagrams  for 
explaining  the  focus  error  detecting  operations. 

Fig.  24  is  a  schematic  arrangement  diagram  of 
a  recording  apparatus  or  a  cutting  machine  to  form 
pits  or  marks  or  guide  grooves. 

Figs.  25  and  26  are  diagrams  showing  states  of 
spots,  respectively. 

Fig.  27  is  a  diagram  showing  another  example 
of  pits  and  guide  grooves  which  are  formed  on  the 
recording  medium  surface. 

The  principle  of  a  focus  error  detection  method 
according  to  the  present  invention  will  be  first  de- 
scribed  with  reference  to  Figs.  1  to  4c. 

As  shown  in  Fig.  1,  for  instance,  when  a  light 
beam  1  having  an  astigmatism  is  focused  by  a 
focusing  lens  2,  astigmatic  foci  or  caustic  surfaces 
3  and  4  are  formed  in  the  directions  which  are 
perpendicular  to  each  other.  The  focused  light 
beam  becomes  a  circle  at  the  position  of  the  circle 
of  least  confusion  5  almost  at  the  center  between 
these  astigmatic  foci.  The  upper  portions  in  Figs. 
2a  to  2c  show  states  on  a  recording  medium  sur- 
face,  e.g.,  on  a  disk  surface.  It  is  now  assumed  that 
the  center  of  the  focused  spot  scans  on  the  center 
line  14  of  a  track.  Pits  or  marks  6  and  7  are  formed 
at  the  positions  which  are  deviated  in  the  opposite 
directions  from  the  center  line  14  by  only  an  equal 
distance  d. 

Fig.  2a  shows  the  case  where  a  recording 
medium  (disk)  is  located  at  the  focal  line  3  in  Fig. 
1  .  A  spot  8  on  the  recording  medium  becomes  an 

ellipse.  When  the  spot  8  moves  in  the  direction 
from  the  pit  6  to  the  pit  7,  a  reflected  light  amount 
corresponding  to  the  portion  which  is  modulated  by 
the  pit  6  is  delayed  as  shown  by  11  in  the  lower 

5  position  and  the  portion  which  is  modulated  by  the 
pit  7  advances.  Fig.  2b  shows  the  case  where  the 
recording  medium  (disk)  is  located  at  the  circle  of 
least  confusion  position  5.  A  spot  9  on  the  record- 
ing  medium  becomes  a  circle.  When  the  spot  9 

io  moves  in  the  direction  from  the  pit  6  to  the  pit  7, 
the  reflected  light  amount  is  modulated  as  shown 
by  12  when  the  spot  passes  through  each  pit.  Fig. 
2c  shows  the  case  where  the  recording  medium 
disk)  is  located  at  the  position  of  the  focal  line  4.  A 

is  spot  10  on  the  recording  medium  becomes  an 
ellipse.  When  the  spot  10  moves  in  the  direction 
from  the  pit  6  to  the  pit  7,  the  reflected  light 
amount  corresponding  to  the  portion  modulated  by 
the  pit  6  progresses  as  shown  by  13  and  the 

20  portion  modulated  by  the  pit  7  is  delayed.  In  this 
manner,  the  light  intensity  distribution  of  the  spot 
which  is  formed  on  the  recording  medium  changes 
in  directions  about  45°  with  respect  to  the  scan- 
ning  direction  of  the  spot  in  accordance  with  the 

25  position  of  the  recording  medium.  The  pits  or 
marks  6  and  7  on  the  recording  medium  apply  the 
same  modulation  (Fig.  2b)  to  the  spot  9  when  the 
recording  medium  surface  is  located  at  the  circle  of 
least  confusion  position.  These  pits  or  marks  6  and 

30  7  apply  the  different  modulations  to  the  spot  8  or 
10  when  the  recording  medium  surface  is  deviated 
from  the  circle  of  least  confusion  position  (Fig.  2a 
or  2c).  Therefore,  the  reflected  lights  which  were 
reflected  by  the  recording  medium  and  passed 

35  through  the  focusing  lens  are  detected  by  the 
photo-detectors,  the  reflected  light  amounts  are 
converted  into  the  electric  signals  by  the  photo- 
detectors,  and  the  delay  or  advancement  of  the 
phase,  e.g.,  time  of  the  signal  modulated  by  the  pit 

40  6  or  7  is  detected,  so  that  the  focus  error  detection 
signal  is  obtained. 

Although  the  case  of  obtaining  the  focus  error 
detection  signal  from  the  phase  of  the  signal  modu- 
lated  by  the  pit  has  been  described  above,  the 

45  focus  error  detection  signal  can  be  also  obtained 
from  the  level  of  the  signal  modulated  by  the  pit. 
As  shown  in  Fig.  3,  an  astigmatism  is  given  to  the 
light  beam  1  emitted  from  a  light  source  such  as  a 
semiconductor  laser  20  or  the  like  by  an  astig- 

50  matism  optical  device  (e.g.,  a  cylindrical  lens)  200. 
The  light  beam  1  is  then  focused  by  the  focusing 
lens  2  onto  a  recording  medium  202.  A  pit  203 
which  is  long  in  the  direction  of  the  focal  line  or 
caustic  surface  4  and  a  pit  204  which  is  long  in  the 

55  direction  of  the  focal  line  or  caustic  surface  3  are 
formed  on  the  surface  of  the  recording  medium 
202.  The  spot  of  the  light  beam  1  focused  onto  the 
surface  of  the  recording  medium  202  scans  the 

5 
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center  line  14.  The  reflected  light  which  was  re- 
flected  by  the  recording  medium  and  passed 
through  the  focusing  lens  2  is  reflected  by  a  beam 
splitter  201  and  detected  by  a  photo  detector  205. 
Fig.  4a  shows  the  case  where  the  recording  me- 
dium  is  located  on  the  focal  line  3.  The  spot  8  on 
the  recording  medium  becomes  an  ellipse  which  is 
long  on  the  track  direction.  When  the  elliptic  spot  8 
moves  in  the  direction  from  the  pit  203  to  the  pit 
204,  the  level  of  a  reflected  light  amount  206  which 
is  modulated  by  the  pit  203  is  small  and  the  level 
of  the  reflected  light  amount  206  which  is  modu- 
lated  by  the  pit  204  is  large.  Fig.  4b  shows  the 
case  where  the  recording  medium  is  located  at  the 
circle  of  least  confusion  position  5.  The  spot  9  on 
the  recording  medium  becomes  a  circle.  When  the 
circular  spot  9  moves  in  the  direction  from  the  pit 
203  to  the  pit  204,  the  level  of  a  reflected  light 
amount  207  which  is  modulated  by  the  pit  203  is 
equal  to  the  level  of  the  reflected  light  amount  207 
which  is  modulated  by  the  pit  204.  Fig  4c  shows 
the  case  where  the  recording  medium  is  located  at 
the  position  of  the  focal  line  4.  The  spot  10  on  the 
recording  medium  becomes  an  ellipse  which  is 
long  in  the  direction  perpendicular  to  the  track. 
When  the  elliptic  spot  10  moves  in  the  direction 
from  the  pit  203  to  the  pit  204,  the  level  of  a 
reflected  light  amount  208  which  is  modulated  by 
the  pit  203  is  large  and  the  level  of  the  reflected 
light  amount  208  which  is  modulated  by  the  pit  204 
is  small.  In  this  manner,  by  providing  the  pits  203 
and  204  which  are  long  in  the  directions  which 
cross  perpendicularly  on  the  recording  medium 
surface  and  by  focusing  the  light  beam  having  an 
astigmatism  onto  the  recording  medium  surface, 
the  light  intensity  distribution  of  the  spot  which  is 
formed  on  the  recording  medium  changes  in  one  of 
the  perpendicular  directions  in  accordance  with  the 
position  of  the  recording  medium.  Thus,  the  pits  or 
marks  203  and  204  on  the  recording  medium  apply 
the  same  modulation  to  the  spot  9  when  the  re- 
cording  medium  surface  is  located  at  the  circle  of 
least  confusion  position  (Fig.  4b)  and  apply  the 
different  modulations  to  the  spot  8  or  10  when  the 
recording  medium  surface  is  deviated  from  the 
circle  of  least  confusion  position  (Fig.  4a  or  4c). 
Therefore,  the  focus  error  detection  signal  is  ob- 
tained  by  comparing  the  levels  derived  by  modulat- 
ing  the  reflected  light  by  the  pits  203  and  204, 
respectively. 

As  will  be  obvious  from  the  above  description, 
according  to  the  invention,  the  focusing  objective 
point  corresponds  to  the  circle  of  least  confusion 
position  5  at  which  the  cross  section  of  the  light 
beam  having  the  astigmatism  between  the  two  fo- 
cal  lines  3  and  4  becomes  a  circle  and  this  position 
is  also  the  zero  point  position  of  the  focus  error 
detection  signal,  so  that  the  focusing  objective 

point  can  be  autonomously  adjusted.  Moreover, 
since  the  focus  error  detection  signal  is  derived  by 
using  all  of  the  outputs  of  the  photo-detectors,  it  is 
sufficient  to  arrange  the  photo-detectors  into  the 

5  light  beam  of  the  reflected  light  which  passed 
through  the  focusing  lens  so  as  to  receive  the  total 
light  amount.  It  is  possible  to  obtain  the  focus  error 
detection  signal  which  is  hardly  influenced  by  the 
deviation  of  the  optical  axis  of  the  reflected  light  on 

io  the  photo-detector  surface  and  by  the  change  in 
light  intensity  distribution.  Therefore,  there  is  also 
no  need  to  match  the  optical  axes  of  the  center  of 
the  photo-detector  and  the  reflected  light.  The  ap- 
paratus  can  be  also  easily  assembled. 

is  According  to  the  invention,  as  the  two-kinds  of 
focus  error  detecting  pits  or  marks  6  and  7  or  203 
and  204  mentioned  above,  their  types  are  not  limit- 
ed  so  long  as  they  can  apply  the  modulation  to  the 
reflected  light  amount  of  the  scanning  spot.  How- 

20  ever,  it  is  desirable  to  preliminarily  form  the  pits  or 
marks  of  the  phase  or  concave/convex  structure 
onto  the  recording  medium  surface. 

An  embodiment  of  the  present  invention  will 
now  be  described  with  reference  to  Figs.  5  to  12. 

25  Fig  5  shows  an  example  of  an  optical  information 
processing  apparatus  having  the  focus  error  detect- 
ing  apparatus  according  to  the  invention.  In  this 
example,  the  invention  is  applied  to  a  magneto- 
optical  disk  device.  The  light  beam  emitted  from 

30  the  light  source  such  as  semiconductor  laser  20  or 
the  like  is  collimated  into  the  parallel  light  beam  by 
a  collimating  lens  21.  An  astigmatism  is  given  to 
the  parallel  light  beam  by  a  cylindrical  lens  22  as 
an  astigmatism  device.  This  light  beam  then 

35  passes  through  a  beam  splitter  23  and  is  reflected 
by  a  mirror  24  and  focused  onto  a  disk  26  by  a 
focusing  lens  25.  The  disk  26  is  rotated  by  a  motor 
27.  A  magnet  28  is  provided  to  apply  a  magnetic 
field  to  the  disk  26  to  thereby  record  or  erase 

40  magneto-optical  domains.  The  reflected  light  from 
disk  passes  through  the  focusing  lens  25  and  is 
reflected  by  the  mirror  24  and  beam  splitter  23. 
Since  the  polarized  direction  of  the  reflected  light  is 
rotated  (Kerr  rotation)  in  dependence  on  the  mag- 

45  netization  direction  of  the  magneto-optical  domains 
recorded  on  the  disk  26,  the  difference  between 
outputs  of  photo-detectors  32  and  33  to  detect  the 
lights  which  are  divided  by  a  half  wave  plate  29 
and  a  polarizing  beam  splitter  31  is  obtained  by  a 

50  differential  circuit  34,  so  that  a  magneto-optical 
signal  can  be  reproduced.  A  convex  lens  30  is 
provided  to  converge  the  light  beam  onto  the 
photo-detectors  32  and  33.  The  outputs  of  the 
photo-detectors  32  and  33  become  a  total  reflec- 

55  tion  light  amount  signal  36  by  an  adder  35.  The 
signal  36  is  input  to  a  control  circuit  37,  so  that  a 
focus  error  detection  signal  38,  a  track  error  detec- 
tion  signal  39,  and  a  switching  signal  40  are  ob- 

6 
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tained. 
As  shown  in  Fig.  6a,  pits  51  and  52  are  formed 

on  the  disk  26  at  the  positions  which  are  deviated 
from  each  other  at  regular  time  intervals  along  a 
track  center  line  50.  The  pits  51  and  52  are  pro- 
vided  at  a  predetermined  interval  such  that  the  light 
spot  which  is  focused  onto  the  disk  can  be  modu- 
lated  at  a  predetermined  period.  For  instance, 
when  the  disk  is  rotated  at  the  CLV,  the  pits  51  and 
52  are  formed  at  a  predetermined  interval.  When 
the  disk  is  rotated  at  the  CAV,  the  pits  51  and  52 
are  formed  so  that  an  interval  therebetween  in- 
creases  as  the  positions  of  the  pits  approach  the 
outer  periphery  so  as  to  equalize  the  number  of 
pits  which  are  formed  every  rotation.  It  is  prefer- 
able  that  the  pits  51  and  52  have  a  phase  structure 
or  a  concave/convex  structure  and  are  previously 
formed  on  the  disk  surface.  For  example,  it  is 
desirable  to  set  the  pits  51  and  52  to  an  optical 
depth  (refractive  index  of  the  disk  base  plate  x 
actual  depth)  of  1/4  of  the  wavelength  of  light  beam 
which  is  used  to  record  or  reproduce.  Address 
information  indicative  of  each  track  address,  a  sync 
signal  to  record  data,  and  the  like  may  be  also 
preliminarily  formed  as  necessary. 

Information  is  recorded  along  the  center  line  of 
the  track  into  the  areas  where  none  of  the  pits  51 
and  52  is  formed.  That  is,  as  shown  in  Fig.  6a,  a 
magnetic  domain  53  is  recorded  along  the  track 
center  line  into  the  recording  area  between  the  pits 
51  and  52. 

On  the  other  hand,  as  shown  in  Fig.  6b,  the 
pits  51  and  52  are  provided  as  a  pair  and  the  pairs 
of  pits  51  and  52  are  intermittently  provided  so  as 
to  appear  at  regular  time  intervals.  The  area  be- 
tween  a  certain  pair  of  pits  51  and  52  and  another 
pair  of  pits  51  and  52  can  be  also  used  as  the 
information  recording  area. 

The  magnetic  domain  53  is  recorded  by  si- 
multaneously  performing  the  irradiation  of  the  light 
spot  and  the  apply  of  the  magnetic  field  from  the 
magnet  28.  However,  the  domain  53  can  be  also 
recorded  by  a  light  intensity  modulation  recording 
in  which  the  intensity  of  the  magnetic  field  is  set  to 
be  constant  and  the  light  intensity  of  te  light  spot  is 
changed  in  accordance  with  information  to  be  re- 
corded  or  by  a  magnetic  field  modulation  recording 
in  which  the  light  intensity  of  the  light  spot  is  set  to 
be  constant  and  the  intensity  or  polarity  of  the 
magnetic  field  is  changed  in  accordance  with  in- 
formation  to  be  recorded. 

Returning  to  Fig.  5,  the  disk  26  is  rotated  by 
the  motor  27,  a  switch  42  is  connected  to  an 
oscillator  41  and  a  switch  43  is  connected  to  the 
open  side.  When  a  lens  actuator  44  slowly  raises 
the  focusing  lens  25  from  the  bottom  in  response 
to  an  output  of  the  oscillator  41  ,  the  total  reflection 
light  amount  signal  36  increases  is  shown  by  a 

solid  line  401  in  Fig.  8  as  the  focusing  lens  position 
approaches  the  focal  point.  The  switching  signal  40 
is  turned  on  at  a  slice  level  402  of  a  level  slicing 
circuit  61  at  which  the  pits  51  and  52  on  the  disk 

5  can  be  detected.  The  switches  42  and  43  are 
respectively  switched  to,  the  focus  error  detection 
signal  38  and  track  error  detection  signal  39.  The 
auto  focusing  control  and  auto  tracking  control  are 
started. 

io  Fig.  7  is  a  block  diagram  of  the  control  circuit 
37.  The  total  reflection  light  amount  signal  36 
passes  through  an  amplifier  60  and  the  switching 
signal  40  is  output  from  the  level  slicing  circuit  61. 
On  the  other  hand,  an  output  of  the  amplifier  60 

is  passes  through  a  differentiating  circuit  62,  a  low 
pass  filter  63,  and  a  zero  comparator  64  and  is 
shaped  to  a  pulse  waveform.  The  signals  modu- 
lated  by  the  pits  51  and  52  are  extracted.  A  solid 
line  80  in  Fig.  9a  denotes  a  waveform  of  the  total 

20  reflection  light  amount  signal  36.  A  solid  line  81  in 
Fig.  9b  denotes  an  output  waveform  of  the  differen- 
tiating  circuit  62.  A  solid  line  82  in  Fig.  9c  denotes 
an  output  waveform  of  the  zero  comparator  64.  In 
Figs.  9a  to  9c,  the  waveforms  are  depicted  with 

25  respect  to  a  common  time  axis  or  a  common 
abscissa. 

The  focus  error  detection  will  be  first  de- 
scribed. 

An  output  of  the  zero  comparator  64  is  input  to 
30  a  phase  locked  loop  (PLL)  65.  When  a  response 

frequency  of  the  PLL  is  set  to  a  value  which  is 
enough  lower  than  the  periods  of  the  pits  51  and 
52,  even  if  the  timings  of  the  pits  51  and  52  are 
fluctuated  every  pit,  the  pulse  of  the  average  pe- 

35  riod  of  the  pits  51  and  52  is  obtained.  Further,  a 
pulse  of  the  half  frequency  is  derived  by  a  fre- 
quency  dividing  circuit  71.  On  the  other  hand,  the 
output  of  the  zero  comparator  64  is  supplied  to  a 
flip-flop  circuit  72  and  an  AND  circuit  73,  so  that  a 

40  modulated  signal  corresponding  to  the  pit  51  or  52 
is  obtained.  Although  the  frequencies  of  output 
pulse  trains  of  the  frequency  dividing  circuit  71  and 
AND  circuit  73  are  equal,  the  phase  of  the  output 
of  the  AND  circuit  73  is  shifted  due  to  the  focus 

45  error.  Fig.  10a  shows  an  output  waveform  of  the 
frequency  dividing  circuit  71  and  a  reference  pulse 
83  of  a  predetermined  phase  is  output  irrespective 
of  the  focus  error.  Fig.  10b  shows  an  output 
waveform  of  the  AND  circuit  73  when  the  focus 

50  error  described  in  Fig.  2a  occurred.  The  phase  of  a 
pulse  84  modulated  by  the  pit  6  or  51  in  Figs.  2a  to 
2c  of  Fig.  6  is  delayed  than  that  of  the  reference 
pulse  83.  Fig.  10d  shows  an  output  waveform  of 
the  AND  circuit  73  in  the  case  of  Fig.  2c  where  the 

55  focal  point  was  deviated  in  the  direction  opposite  to 
that  of  Fig.  2a.  The  phase  of  a  pulse  86  modulated 
by  the  pit  6  or  51  is  advanced  than  that  of  the 
pulse  83.  As  shown  in  fig.  10c,  the  phase  of  a 

7 
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pulse  85  modulated  by  the  pit  6  or  51  coincides 
with  that  of  the  reference  pulse  83  at  the  in-focus 
point.  Therefore,  the  focus  error  detection  signal  38 
can  be  obtained  by  using  a  phase  comparator  74 
whose  output  voltage  changes  due  to  the  phase 
error  as  shown  in  Fig.  11.  The  focus  error  detection 
signals  38  is  input  to  the  lens  actuator  44  through  a 
compensating  circuit  100  of  the  control  system  and 
the  lens  25  is  vertically  moved,  thereby  enabling 
the  auto  focusing  control  to  be  executed. 

In  the  embodiment,  since  the  focus  error  de- 
tection  signal  38  can  be  detected  from  the  phase 
of  the  signals  modualted  by  the  pits  51  and  52,  by 
detecting  the  difference  between  the  levels  of 
these  modulated  signals,  the  track  error  detection 
signal  can  be  obtained.  The  pits  51  and  52  can  be 
commonly  used  for  both  of  the  focus  error  detec- 
tion  and  the  track  error  detection. 

The  output  of  the  zero  comparator  64  is  input 
to  a  flip-flop  66.  A  Q  terminal  output  and  a  Q 
terminal  output  are  input  to  AND  circuits  67  and  68 
together  with  the  output  of  the  zero  comparator  64, 
respectively.  Thus,  the  sampling  timing  signal 
when  modulated  by  the  pit  51  and  the  sampling 
timing  signal  when  modulated  by  the  pit  52  can  be 
obtained.  When  the  spot  scans  on  the  track  center 
line  50  shown  in  Figs.  6a  and  6b,  the  amounts 
which  are  modulated  by  the  pits  51  and  52  are 
equal  and  a  waveform  of  the  reflection  light  amount 
shown  by  a  solid  line  90  in  (a)  in  Fig.  12  is 
obtained.  When  the  spot  scans  the  upper  side  of 
the  paper  surface  than  the  track  center  line  50  in 
Figs.  6a  and  6b,  the  amount  which  is  modulated  by 
the  pit  51  is  large  and  a  waveform  as  shown  by  a 
solid  line  91  in  (b)  in  Fig.  12  is  obtained.  When  the 
spot  scans  the  lower  side  of  the  paper  surface  than 
the  track  center  line  50,  the  amount  which  is  modu- 
lated  by  the  pit  52  is  large  and  a  waveform  as 
shown  by  a  solid  line  92  in  (c)  in  Fig.  12  is 
obtained.  Therefore,  the  output  of  the  amplifier  60 
in  Fig.  7  is  input  to  two  sample  and  hold  circuits 
400  and  69  and  sampled  by  the  sampling  timing 
signals  from  the  AND  circuits  67  and  68.  There- 
after,  the  difference  between  those  signals  is  cal- 
culated  by  a  differentiating  circuit  70,  so  that  the 
track  error  detection  signal  39  is  obtained.  The 
track  error  detection  signal  39  is  input  to  a  mirror 
actuator  45  in  Fig.  5  and  the  tracking  control  is 
executed  by  rotating  the  mirror  24  so  that  the  spot 
scans  the  track  center  line  50.  In  place  of  control- 
ling  the  mirror  24,  the  lens  actuator  44  is  con- 
structed  as  a  two-dimensional  actuator  which  can 
control  in  two  directions  of  the  optical  axis  direction 
and  tracking  direction  and  the  tracking  control  may 
be  performed  by  moving  the  lens  25  by  this  ac- 
tuator. 

If  the  pits  51  and  52  are  erroneously  distin- 
guished,  there  is  a  case  where  the  focus  error 

detection  signal  exhibits  the  opposite  characteristic 
and  the  auto  focusing  control  mode  cannot  be  set. 
In  such  a  case,  as  shown  in  Fig.  7,  inverting 
circuits  75  and  77  and  switching  circuits  76  and  78 

5  are  provided  for  the  focus  error  detection  signal  38 
and  track  error  detection  signal  39.  The  polarities 
of  those  signals  are  inverted  by  an  output  of  a  flip- 
flop  circuit  79  which  inverts  the  output  in  response 
to  the  switching  signal  40.  Thus,  in  the  second 

io  focus  setting  operation,  since  the  polarities  of  both 
of  the  detection  signals  38  and  39  at  the  second 
time  have  been  inverted  from  those  at  the  first 
time,  the  auto  focusing  control  mode  and  the  auto 
tracking  control  mode  can  be  set.  If  these  modes 

is  cannot  be  set  even  at  the  second  time,  these 
processes  are  repeated  more  times.  The  comple- 
tion  of  this  setting  operation  can  be  discriminated 
by  checking  to  see  if  the  signal  level  from  the  pit 
ahs  exceeded  the  slice  level  402  or  not  even  after 

20  the  elapse  of  the  time  (about  1  msec)  which  is 
required  for  the  setting  operation  by  the  level  of  the 
signal  401  . 

The  invention  is  not  limited  to  the  above  em- 
bodiment  but  can  also  use  a  laser  whose  astig- 

25  matism  is,  e.g.,  about  16  urn.  In  this  case,  by 
setting  the  NA  of  the  collimating  lens  to  0.15  and 
the  NA  of  the  focusing  lens  to  0.53,  the  cylindrical 
lens  22  in  Fig.  5  becomes  unnecessary.  The  astig- 
matism  of  the  focusing  spot  is  set  to  1.4  urn  and 

30  the  wave  front  aberration  is  set  to  1/5  wavelength. 
Therefore,  the  focus  error  can  be  accurately  de- 
tected  without  a  deterioration  of  the  recording  and 
reproducing  characteristics. 

By  using  the  focus  error  detection  method  of 
35  the  invention  together  with  the  conventional  focus- 

ing  system,  the  performance  can  be  further  im- 
proved  since  the  focusing  objective  point  is  set  by 
the  self-alignment  method. 

Fig.  13  shows  an  example  in  which  the  focus 
40  error  detection  method  of  the  invention  is  used 

together  with  the  conventional  focusing  system.  In 
Fig.  13,  since  the  focus  servo-system  and  tracking 
servo-system  are  the  same  as  those  in  the  embodi- 
ment  of  Fig.  5,  they  are  omitted.  The  same  parts 

45  and  components  as  those  in  Fig.  5  are  designated 
by  the  same  reference  numerals.  For  instance,  the 
front-to-back  differential  system  disclosed  in  U.S.P. 
No.  4,742,218  is  used  as  the  conventional  detection 
system.  Three  divided  photo-detectors  32'  and  33' 

50  are  arranged  before  and  after  the  focal  surface  on 
the  image  side  as  shown  in  the  diagram.  A  pair  of 
detectors  101  and  102  are  arranged  on  both  sides 
of  the  photo-detector  32'.  Another  pair  of  detectors 
103  and  104  are  arranged  on  both  sides  of  the 

55  photo-detector  33'.  The  sum  of  outputs  of  the  pair 
of  detectors  101  and  102  is  calculated.  The  sum  of 
outputs  of  the  pair  of  detectors  103  and  104  is 
calculated.  The  difference  between  these  sums  is 
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calculated,  thereby  obtaining  a  focus  error  detec- 
tion  signal  105.  The  total  output  of  the  photo- 
detector  32'  is  obtained  by  an  adder  106.  The  total 
output  of  the  photo-detector  33'  is  obtained  by  an 
adder  107.  The  difference  of  outputs  of  the  adders 
106  and  107  is  calculated  by  the  differential  circuit 
34  and  is  used  as  a  magneto-optical  signal.  The 
sum  of  the  outputs  of  the  adders  106  and  107  is 
calculated  by  the  adding  circuit  35  and  is  used  as 
the  total  reflection  light  amount  signal  36.  The 
focus  error  detection  signal  38,  track  error  detec- 
tion  signal  39,  and  switching  signal  40  are  obtained 
from  the  signal  36  in  a  manner  similar  to  the 
embodiment  of  Fig.  5. 

When  the  position  of  the  photo-detector  is  de- 
viated,  the  focus  error  detection  signal  105  by  the 
front-to-back  differential  system  for  the  focus  error 
causes  an  offset  as  shown  by  a  solid  line  from  the 
normal  characteristic  as  indicated  by  a  broken  line 
as  shown  in  Fig.  14.  In  this  state,  the  focus  is  set  to 
the  wrong  position.  However,  even  if  any  offset  is 
caused,  the  polarity  does  not  change.  Therefore, 
this  signal  can  be  used  as  a  control  signal  when 
performing  the  rough  pull-in  operation  in  the  case 
of  performing  the  focusing  operation  according  to 
the  invention  as  mentioned  in  the  foregoing  em- 
bodiment  That  is,  in  Fig.  14,  in  a  region  out  of  the 
range  of  the  area  as  shown  by  a  hatched  area 
where  the  stable  focus  error  detection  signal  38 
according  to  the  invention  is  output,  the  focus  error 
detection  signal  105  is  used  as  a  control  signal  to 
drive  the  lens  actuator  44.  In  the  hatched  area,  the 
focus  error  detection  signal  38  according  to  the 
invention  which  was  detected  from  the  total  reflec- 
tion  light  amount  signal  36  by  the  control  circuit  37 
in  Fig.  7  is  used  as  a  control  signal  to  drive  the 
lens  actuator  44.  In  this  manner,  the  two-stage 
servo-control  is  constructed.  Due  to  this,  the  focus- 
ing  pull-in  operation  also  becomes  stable.  Even  if 
the  focal  point  is  deviated  from  the  hatched  area 
due  to  some  causes,  the  focusing  operation  can  be 
soon  recovered. 

In  the  embodiment  of  Fig.  5,  the  astigmatism 
effect  similar  to  that  occurred  on  the  object  side  of 
the  objective  lens  (focusing  lens)  25  also  occurs  on 
the  image  side.  Therefore,  as  another  modification, 
in  place  of  the  foregoing  focusing  system  by  the 
front-to-back  differential  system,  by  using  together 
the  subject  matter  of  the  present  invention  and  the 
focus  error  detection  signal  by  the  well-known 
astigmatism  detection  system  disclosed  in  U.S. 
Patent  4,293,944  or  the  like,  the  similar  effect  can 
be  also  derived.  That  is,  as  a  type  of  either  one  of 
the  photo-detectors  32  and  33  in  Fig.  5,  four  di- 
vided  photo-detectors  110  as  shown  in  Fig.  15  are 
used.  The  difference  between  the  sum  signals  of 
the  opposite  two  pairs  of  photo-detecting  sections 
is  calculated  and  the  focus  error  detection  signal 

105  is  obtained  and  used  together  with  the  focus 
error  detection  signal  38  according  to  the  invention. 
The  sum  outputs  of  all  of  the  photo-detecting  sec- 
tions  of  the  four  divided  photo-detectors  110  are 

5  input  to  the  adder  35  in  Fig.  5  and  added  to  the 
outputs  of  the  other  photo-detectors.  The  resultant 
added  output  is  used  as  the  total  reflection  light 
amount  signal  36.  The  focus  error  detection  signal 
38,  track  error  detection  signal  39,  and  switching 

io  signal  40  are  derived  from  the  signal  36  in  a 
manner  similar  to  the  embodiment  of  Fig.  5. 

As  another  method  of  distinguishing  the  pits  51 
and  52,  the  following  method  can  be  mentioned.  If 
the  tracks  on  which  data  is  recorded  can  be  dis- 

15  criminated,  the  pits  51  and  52  can  be  distinguished 
by  obtaining  the  phases  of  the  zig-zag  patterns  of 
the  pits  51  and  52  because  these  phases  are 
predetermined  with  certain  regularities  with  respect 
to  the  track  center. 

20  Therefore,  as  one  modification,  it  is  sufficient  to 
previously  form  a  special  prepit  which  is  located  at 
the  track  center  and  indicates  the  positional  relation 
between  the  pits  51  and  52.  For  instance,  a  pit  403 
is  arranged  together  with  the  pits  51  and  52  on  the 

25  track  center  line  50  as  shown  in  Fig.  16. 
In  this  modification,  the  type  of  pit  is  recog- 

nized  in  the  following  manner.  The  total  reflection 
light  amount  signal  36  is  differentiated  by  the  dif- 
ferentiating  circuit  62  and  the  zero  cross  point  is 

30  found  out  by  the  zero  comparator  64  in  a  manner 
similar  to  the  above.  With  this  method,  the  posi- 
tions  of  the  pits  51,  52,  and  403  are  derived  and 
input  to  a  pattern  recognizing  circuit.  Since  the 
time  from  the  pit  51  to  the  pit  403,  the  time  from 

35  the  pit  51  to  the  pit  52,  and  the  time  from  the  pit 
403  to  the  pit  52  are  previously  known,  the  posi- 
tions  of  the  pits  51,  52,  and  403  can  be  known.  At 
this  time,  the  pulse  signals  of  the  pits  51,  52,  and 
403  are  input  to  the  PLL  circuit  65  and  a  clock  is 

40  generated  and  can  be  used  for  discrimination. 
As  a  method  of  recognizing  a  pattern,  as 

shown  in  Fig.  17,  there  is  an  embodiment  in  which 
delay  lines  151  to  155  and  AND  gates  156  to  158, 
and  160  are  combined.  The  pulses  corresponding 

45  to  the  pits  51,  52,  and  403  can  be  detected  from 
the  output  82  of  the  comparator  64.  The  delay  line 
outputs  a  pulse  having  a  width  of  ±  Atime  around 
the  point  as  a  center  which  is  delayed  by  only  a 
predetermined  delay  time  from  the  leading  edge  of 

50  the  input  pulse.  The  value  of  A  is  set  to  a  value 
such  that  the  difference  between  the  prepits  51  and 
52  and  the  clock  signal  of  the  average  period  which 
is  generated  from  the  PLL  65  is  sufficiently  in- 
cluded  and  no  erroneous  detection  is  caused. 

55  The  operations  of  the  auto  focusing  and  auto 
tracking  servo-control  system  in  this  modification 
will  now  be  described  with  reference  to  Fig.  18. 
The  content  which  has  already  been  described  in 
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the  above  embodiments  is  not  explained  in  detail. 
First,  switching  signals  40'-1  and  40'-2  as  outputs 
of  a  servo  system  control  logic  circuit  113  are 
respectively  set  to  the  oscillator  41  and  an  oscilla- 
tor  41'.  The  switching  signals  40'-1  and  40'-2  are 
used  to  switch  the  switches  42  and  43.  First,  the 
focusing  lens  25  is  made  approach  the  disk  26  by 
a  triangular  wave  signal  from  the  oscillator  41. 
When  the  level  of  the  signal  from  the  prepit  ex- 
ceeds  the  slice  level  402,  the  switch  42  is  switched 
to  the  output  from  the  phase  compensating  circuit 
100  by  the  switching  signal  40'-1.  On  the  other 
hand,  the  mirror  actuator  45  is  forcedly  vibrated  by 
the  sine  signal  from  the  oscillator  41'.  Due  to  this, 
the  light  spot  always  traverses  a  number  of  tracks. 
Even  in  the  case  of  the  disk  having  less  de-center- 
ing,  the  light  spot  can  scan  a  number  of  prepits  51 
and  52  and  the  focus  error  detection  signal  38  can 
be  stably  detected.  The  total  reflection  light  amount 
signal  36  is  sliced  by  a  comparator  114.  The  AND 
of  an  output  of  the  comparator  114  and  the  zero 
cross  pulse  82  of  the  differentiation  signal  81  is 
calculated.  Only  when  the  signals  modulated  by 
the  pits  51  ,  52,  and  403  are  a  predetermined  value 
or  more,  the  resultant  signal  is  used  as  a  pit 
position  signal  82'.  With  this  construction,  the  erro- 
neous  operation  due  to  defects,  noises,  and  the  like 
on  the  disk  can  be  avoided.  The  pit  position  signal 
82'  detected  in  this  manner  is  inputted  to  a  pattern 
recognizing  circuit  111  of  a  construction  as  shown 
in  Fig.  17  and  the  pulse  signals  indicative  of  the 
positions  of  the  pits  51,  52,  and  403  are  obtained. 
When  the  pulse  signals  corresponding  to  the  pits 
51,  52,  and  403  are  inputted  to  the  PLL  65,  the 
oscillation  is  performed  at  the  frequency  of  the 
average  period  synchronized  with  them. 

That  is,  when  a  frequency  band  of  the  PLL  65 
is  selected  to  a  value  which  is  sufficiently  lower 
than  a  group  of  repetitive  frequencies  consisting  of 
the  pits  51,  52,  and  403,  the  oscillation  is  carried 
out  at  the  average  period  without  being  influenced 
by  the  fluctuations  of  the  pits  51  and  52  which  are 
caused  due  to  the  focus  error  and  the  frequency  of 
the  group  of  repetitive  frequencies.  Reference 
pulses  corresponding  to  set  points  (points  which 
are  obtained  when  the  correct  focal  point  is  set)  of 
the  pits  51  and  52  are  outputted  from  a  frequency 
dividing  circuit  112  by  using  the  pulse  signal  by 
the  pit  403  detected  by  the  pattern  recognizing 
circuit  111  and  the  signal  obtained  from  the  PLL 
65. 

This  reference  pulse  output  is  inputted  to 
phase  comparators  74'-1  and  74'-2  and  its  phase  is 
compared  with  the  phases  of  the  pulse  signals 
corresponding  to  the  positions  of  the  pits  51  and 
52  (signals  modulated  by  the  pits  51  and  52  de- 
tected  by  the  pattern  recognizing  circuit  111)  and 
the  resultant  data  are  held.  The  difference  between 

outputs  of  the  phase  comparators  74'-1  and  74'-2  is 
calculated  by  a  differential  circuit  70'  to  thereby 
obtaining  the  focus  error  detection  signal  38.  The 
lens  actuator  44  is  driven  by  the  signal  38  and  the 

5  focus-servo  pull-in  operation  is  performed.  The  val- 
ue  of  the  comparator  61  is  then  monitored  by  the 
servo  system  control  logic  circuit  113  for  the  period 
of  time  corresponding  to  the  completion  of  the  pull- 
in  operation.  After  the  completion  of  the  pull-in 

io  operation  was  confirmed,  the  switch  43  is  con- 
trolled  by  the  switching  signal  40'-2  and  the  track 
error  detection  signal  39  is  sent  to  the  mirror  ac- 
tuator  45,  thereby  starting  the  tracking  servo  pull-in 
operation. 

is  In  the  foregoing  embodiment,  the  clocks  are 
generated  by  the  PLL  65  from  the  signals  modu- 
lated  by  the  pits  51  and  52,  thereby  comparing  the 
phases  with  the  signals  modulated  by  the  pits  51 
and  52.  However,  if  the  PLL  operation  is  not  cor- 

20  rectly  performed  in  the  pull-in  operation,  the  pull-in 
operation  is  not  normally  executed.  Therefore,  the 
time  interval  between  the  modulated  signals  by  the 
pits  51  and  52  is  directly  measured  and  compared 
with  the  reference  time  which  is  determined  by  a 

25  preset  distance  between  the  pits,  so  that  the  focus 
error  detection  signal  38  is  detected  without  using 
the  PLL  65.  For  this  purpose,  the  interval  of  the 
signal  82  in  Fig.  9  is  measured.  That  is,  as  shown 
in  Figs.  19a  and  19b,  the  signal  82  is  inputted  to 

30  the  counter  300  and  time  Tm  from  the  trailing  edge 
of  the  pulse  signal  82  by  the  pit  51  to  the  leading 
edge  of  the  pulse  signal  82  by  the  pit  52  is 
measured  by  using  the  counter  300.  The  value  of 
the  measured  time  Tm  is  inputted  to  a  subtracter 

35  301.  A  predetermined  pulse  width  time  ti  of  the 
signal  82  and  a  reference  time  Ts  are  inputted  to 
the  other  input  terminal  of  the  subtracter  301, 
thereby  calculating  the  difference  between  the  time 
Tm  and  the  time  ti  +  Ts.  The  resultant  value  is 

40  inputted  to  a  D/A  converter  302  and  used  as  the 
focus  error  signal.  The  method  described  in  Fig.  18 
can  be  used  as  a  method  of  distinguishing  the  pits 
51  and  52. 

When  the  fluctuation  of  the  rotation,  off-center- 
45  ing,  or  the  like  of  the  disk  is  small,  the  time 

fluctuation  on  the  disk  is  also  small.  Therefore,  in 
such  a  case,  the  embodiment  may  be  also  applied 
to  not  only  the  pull-in  operation  but  also  the  station- 
ary  tracking  operation  only  by  the  use  of  the  effect 

50  of  comparison  with  the  fixed  time  Ts,  without  using 
the  PLL. 

On  the  other  hand,  as  a  pre-pit  pattern,  in 
addition  to  the  pattern  of  the  pits  51  ,  52,  and  403  in 
Fig.  16,  it  is  also  possible  to  use  a  pattern  which  is 

55  used  in  the  format  which  has  recently  been  pro- 
posed  for  the  12.7  cm  (5-inch)  optical  disk.  This 
pattern  has  been  described  in  detail  in  "Optical 
Mass  Data  Storage  II",  SPIE.,  Vol.  695,  pages  239 
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to  242,  figure  2,  (1986). 
Although  data  is  recorded  in  the  areas  among 

the  pits  51,  52,  and  403,  it  is  also  possible  to 
combine  the  pits  51,  52,  and  403  to  one  area,  to 
intermittently  provide  these  areas,  and  to  record 
data  among  these  areas. 

An  embodiment  of  the  invention  in  which  the 
focus  error  detection  signal  is  obtained  from  the 
level  of  the  modulated  signal  by  the  pits  or  marks 
will  now  be  described  with  reference  to  Figs.  20  to 
23.  Fig.  20  is  a  diagram  showing  the  case  where 
the  focus  error  detection  apparatus  of  the  invention 
is  used  for  the  magneto-optical  disk  device  in  a 
manner  similar  to  the  embodiment  of  Fig.  5.  The 
light  emitted  from  the  light  source  such  as  the 
semiconductor  laser  20  or  the  like  is  collimated  into 
the  parallel  light  beam  by  the  collimating  lens  21. 
An  astigmatism  is  given  to  this  light  beam  by  an 
astigmatism  device  such  as  the  cylindrical  lens  200 
or  the  like.  The  light  beam  then  passes  through  the 
beam  splitter  23  and  is  reflected  by  the  mirror  24 
and  is  focused  onto  the  surface  of  a  disk  220  by 
the  focus  lens  or  focusing  lens  25.  As  mentioned 
above,  in  the  case  of  using  a  semiconductor  laser 
having  a  large  astigmatism  as  the  light  source,  the 
astigmatism  device  such  as  the  cylindrical  lens  200 
or  the  like  becomes  unnecessary. 

When  the  light  beam  having  the  astigmatism  is 
focused  by  the  focusing  lens  25,  the  light  intensity 
distribution  of  the  spot  on  the  disk  surface  changes 
in  accordance  with  the  position  of  the  disk  surface 
as  described  in  Fig.  4.  The  disk  220  is  rotated  by 
the  motor  27.  The  magnet  28  is  provided  to  apply 
the  magnetic  field  to  the  disk  220  to  thereby  record 
or  erase  magneto  optical  domains.  The  reflected 
light  from  the  disk  passes  through  the  lens  25  and 
is  reflected  by  the  beam  splitter  23  and  divided 
into  halves  by  the  half  wave  plate  29  and  polarizing 
beam  splitter  31  and  detected  by  photo-detectors 
221  and  222.  Groove-type  tracks  to  detect  a  track 
error  are  formed  on  the  disk  220.  Information  is 
recorded  and/or  reproduced  in  the  central  portions 
of  the  grooves  or  along  the  center  line  between  the 
adjacent  grooves.  The  photo-detector  222  is  di- 
vided  into  halves  and  two  detect  on  signals  of  the 
two  divided  photo-detectors  are  supplied  to  a  dif- 
ferential  circuit  223  to  obtain  the  difference  there- 
between.  The  track  error  detection  signal  39  can  be 
derived  from  this  difference.  On  the  other  hand, 
two  detection  signals  of  the  photo-detectors  222 
are  added  by  an  adding  circuit  224.  The  difference 
between  the  added  signal  and  the  detection  signal 
of  the  photo-detector  221  is  calculated  by  a  dif- 
ferential  circuit  225,  so  that  the  magneto-optical 
signal  can  be  reproduced.  On  the  other  hand,  the 
output  signal  of  the  adder  224  and  the  signal  of  the 
photo-detector  221  are  added  by  an  adding  circuit 
226,  so  that  the  total  reflection  light  amount  signal 

36  is  derived  and  inputted  to  a  control  circuit  227. 
In  this  manner,  the  focus  error  detection  signal  38 
and  switching  signal  40  are  obtained. 

The  oscillator  41  and  the  switches  42  and  43 
5  are  provided  to  start  the  auto  focusing  control  and 

auto  tracking  control.  The  lens  actuator  44  and 
mirror  actuator  45  are  provided  to  focus  the  light 
spot  and  to  trace  the  track,  respectively.  Since  the 
operations  of  these  components  have  already  been 

io  described  in  Fig.  5,  their  descriptions  are  omitted. 
As  shown  in  Fig.  21a,  a  number  of  concave  or 

convex  type  pits  230  which  are  long  in  the  radial 
direction  of  the  disk  and  a  number  of  concave  or 
convex  type  pits  231  which  are  long  in  the  track 

is  direction  are  intermittently  formed  along  a  track 
center  line  233  on  the  disk  220  at  a  predetermined 
interval.  These  two  kinds  of  pits  230  and  231  are 
used  to  detect  a  focus  error. 

In  the  example  of  Fig.  21a,  when  the  disk  is 
20  rotated  at  the  CLV,  pairs  of  pits  230  and  231  are 

repetitively  formed  at  a  predetermined  interval. 
When  the  disk  is  rotated  at  the  CAV,  the  pits  230 
and  231  are  formed  so  that  an  interval  there- 
between  increases  as  the  positions  of  the  pits 

25  approach  the  outer  periphery  of  the  disk  so  as  to 
equalize  the  number  of  pairs  of  pits  230  and  231 
which  are  formed  every  rotation. 

Information  is  recorded  along  the  track  center 
line  233  in  the  areas  where  none  of  the  pits  230 

30  and  231  is  formed.  In  the  example  of  Fig.  21a, 
grooves  232  to  detect  a  track  error  are  formed 
along  the  track  center  line  in  the  information  re- 
cording  areas.  For  instance,  it  is  desirable  to  set 
the  pits  230  and  231  into  an  optical  depth  of  1/4  of 

35  the  wavelength  of  the  light  beam  which  is  used  to 
record  or  reproduce  and  to  set  the  groove  232  to  a 
optical  depth  of  1/8  of  the  wavelength. 

Address  information  indicative  of  each  track 
address,  a  sync  signal  to  record  data,  etc.  can  be 

40  also  further  preliminarily  formed  as  necessary. 
On  the  other  hand,  in  the  example  as  shown  in 

Fig.  21b,  the  pits  230  and  231  are  alternately 
formed  at  a  predetermined  interval  and  the  area 
between  the  pits  can  be  used  as  the  information 

45  recording  area. 
Further,  as  shown  in  Fig.  27,  the  pits  230  and 

231  can  be  also  constructed  by  a  plurality  of  pit 
groups  293  and  294,  respectively.  The  grooves  232 
are  formed  on  both  sides  of  the  track  center  line 

50  233  and  information,  e.g.,  magnetization  domains 
can  be  also  recorded  or  reproduced  along  the 
center  line  between  the  grooves. 

Fig.  22  is  a  block  diagram  of  the  control  circuit 
227.  In  a  manner  similar  to  Fig.  7,  the  total  reflec- 

55  tion  light  amount  signal  36  passes  through  the 
amplifier  60  and  the  switching  signal  40  is  output- 
ted  by  the  level  slicing  circuit  61  .  An  output  of  the 
amplifier  60  passes  through  the  differentiating  cir- 
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cuit  62,  low  pass  filter  63,  and  zero  comparator  64 
and  is  shaped  to  a  pulse  waveform  in  a  manner 
similar  to  Fig.  7.  Fig.  23  shows  a  change  in  each 
signal  depending  on  the  elapse  of  time  when  the 
spot  8  focused  onto  the  disk  surface  passes 
through  the  pits  230  and  231  .  For  easy  understand- 
ing,  the  left  side  shows  the  case  of  Fig.  4a  and  the 
right  side  shows  the  case  of  Fig.  4c.  The  total 
reflection  light  amount  signal  36  is  not  modulated 
in  the  magneto-optical  domains  but  modulated  by 
the  pits  230  and  231  as  described  in  Fig.  4.  A 
waveform  250  is  an  output  signal  waveform  of  the 
differentiating  circuit  62.  A  waveform  251  is  an 
output  signal  waveform  of  the  zero  comparator  64 
and  a  timing  signal  when  the  spot  passes  through 
the  pits  230  and  231  can  be  derived.  This  timing 
signal  is  inputted  to  an  AND  circuit  241  and  to  a 
flip-flop  circuit  240.  A  Q  terminal  output  signal 
which  is  outputted  from  the  flip-flop  circuit  240  is 
also  inputted  to  another  input  terminal  of  the  AND 
circuit  241.  Thus,  a  timing  signal  as  shown  by  a 
waveform  252  when  the  spot  passes  through  the 
pit  230  is  derived  from  the  AND  circuit  241.  On  the 
other  hand,  the  timing  signal  from  the  zero  com- 
parator  64  is  inputted  to  an  AND  circuit  242.  A  Q 
terminal  output  signal  of  the  flip-flop  circuit  240  is 
also  inputted  to  another  input  terminal  of  the  AND 
circuit  242.  Thus,  a  timing  signal  as  shown  by  a 
waveform  253  when  the  spot  passes  through  the 
pit  231  is  derived  from  the  AND  circuit  242.  There- 
fore,  by  inputting  the  output  signal  of  the  amplifier 
60  to  a  sample  and  hold  circuit  243  and  sampling 
by  an  output  (waveform  252)  of  the  AND  circuit 
241  ,  an  output  signal  of  the  sample  and  hold  circuit 
243  becomes  as  shown  by  a  waveform  254.  On  the 
other  hand,  an  output  signal  of  a  sample  and  hold 
circuit  244  by  the  waveform  253  becomes  as 
shown  by  a  waveform  255.  Alternate  long  and  short 
dash  lines  254'  and  255'  indicate  total  reflection 
levels.  When  the  difference  between  those  output 
signals  is  calculated  by  a  differential  circuit  245, 
the  resultant  signal  becomes  as  shown  by  a 
waveform  256.  This  signal  becomes  the  focus  error 
detection  signal  38.  Here,  in  order  to  set  the  dif- 
ference  between  the  waveforms  254  and  255  just 
after  the  spot  passed  through  the  pit  231  to  the 
focus  error  detection  signal,  the  output  of  the  AND 
circuit  242  is  supplied  to  a  delay  circuit  246  having 
a  slight  delay  time  and  the  output  of  the  differential 
circuit  245  is  sampled  and  held  by  a  sample  and 
hold  circuit  247  by  the  delayed  signal  of  the  delay 
circuit  246. 

If  the  pits  230  and  231  are  erroneously  distin- 
guished,  in  a  manner  similar  to  Fig.  7,  the  switch- 
ing  signal  40  is  inputted  to  the  flip-flop  circuit  79.  A 
switching  circuit  248  which  operates  by  an  output 
signal  of  the  flip-flop  circuit  79  is  used  to  thereby 
select  an  output  of  an  inverting  circuit  249.  Due  to 

this,  the  lens  actuator  44  is  driven  by  the  focus 
error  detection  signal  and  the  auto  focusing  control 
can  be  accomplished. 

In  a  manner  similar  to  the  case  described  in 
5  Figs.  13  to  15,  the  focus  error  detection  method  of 

the  embodiment  can  be  also  used  together  with  the 
conventional  front-to-back  differential  system  or 
astigmatism  system. 

A  method  of  forming  the  focus  error  detecting 
io  pits  51  and  52  or  230  and  231  which  are  used  in 

the  invention  will  now  be  described.  An  example  in 
the  case  of  forming  a  pit  pattern  shown  in  Fig.  21a 
will  be  described. 

The  depths  of  the  pits  230  and  231  on  the 
is  surface  of  the  disk  220  are  set  to  the  optical  path 

length  of  1/4  of  the  wavelength  of  the  light  beam 
which  is  used  to  record  or  reproduce.  The  depth  of 
the  groove  232  is  set  to  the  optical  path  length  of 
1/8  of  the  wavelength.  These  concave  and  convex 

20  shapes  can  be  manufactured  by  a  method  of  ex- 
posing  and  developing  a  photo-resist  on  a  mother 
disk  by  a  laser  beam.  First,  a  photo-resist  of  a 
thickness  of  the  1/4  wavelength  is  coated  onto  the 
glass  mother  disk  and  exposed  by  a  cutting  ma- 

25  chine  shown  in  Fig.  24.  A  laser  beam  emitted  from 
an  argon  laser  262  of  a  wavelength  4579  A  is 
expanded  by  a  beam  expander  265  and  reflected 
by  a  half  mirror  270  and  focused  onto  a  glass 
mother  disk  260  by  a  focusing  lens  277.  The  spot 

30  on  the  glass  mother  disk  260  becomes  an  elliptic 
shape  as  shown  by  a  spot  282  in  Fig.  24  due  to  the 
function  of  a  cylindrical  lens  268  which  is  arranged 
in  the  optical  path  to  the  lens  268.  On  the  other 
hand,  thee  laser  beam  emitted  from  an  argon  laser 

35  263  passes  through  the  path  consisting  of  a  beam 
expander  266,  a  cylindrical  lens  269,  a  half  mirror 
271  ,  and  a  half  mirror  270  and  is  focused  onto  the 
glass  mother  disk  260  by  the  focusing  lens  277.  In 
this  case,  the  spot  becomes  a  shape  as  shown  by 

40  283  in  Fig.  25  due  to  the  function  of  the  cylindrical 
lens  269.  On  the  other  hand,  a  laser  beam  emitted 
from  a  helium  neon  laser  264  of  a  wavelength  6328 
A  passes  through  an  optical  path  consisting  of  a 
beam  expander  267,  a  beam  splitter  274,  a  quarter 

45  wave  plate  273,  a  wavelength  separating  filter  272, 
and  the  half  mirrors  271  and  270  and  is  focused 
onto  the  glass  mother  disk  260  by  the  focusing 
lens  277.  The  filter  272  transmits  the  lights  near  the 
wavelength  6328  A  and  reflects  the  lights  near  the 

50  wavelength  4579  A.  Thus,  only  the  helium  neon 
laser  beam  among  the  reflected  lights  from  the 
glass  mother  disk  is  transmitted  through  the  filter 
272  and  reaches  a  focus  error  detection  system 
275  by  the  polarizing  operation  of  the  quarter  wave 

55  plate  273  and  a  polarization  beam  splitter  274,  so 
that  a  focus  error  detection  signal  276  is  obtained. 
The  focusing  lens  277  is  driven  by  a  lens  actuator 
278  in  response  to  the  signal  276,  thereby  perform- 
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ing  the  auto  focusing  control.  The  glass  mother 
disk  260  is  rotated  by  a  motor  279  and  slowly 
moves  at  a  constant  velocity  on  a  rail  281  by  a 
caster  280,  so  that  spiral  tracks  can  be  exposed  on 
the  glass  mother  disk  260.  The  rotating  direction  of 
the  glass  mother  disk  260  is  indicated  by  an  al- 
ternate  long  and  short  dash  line  284.  By  oscillating 
the  laser  262  by  a  high  output  pulse,  a  photo-resist 
261  is  exposed  by  the  shape  of  the  spot  282.  By 
oscillating  the  laser  263  by  a  high  output  pulse,  the 
photo-resist  261  is  exposed  by  the  shape  of  the 
spot  283.  By  developing  the  glass  mother  disk  260 
by  a  developing  liquid,  the  pits  230  having  the 
shape  of  the  spot  282  and  a  depth  of  the  1/4 
wavelength  and  the  pits  231  having  the  shape  of 
the  spot  283  and  a  depth  of  the  1/4  wavelength  are 
formed.  By  continuously  oscillating  the  laser  263 
by  a  weak  power,  the  spot  283  is  continuously 
irradiated  in  the  rotating  direction  284,  so  that  the 
grooves  232  having  a  depth  of  the  1/8  wavelength 
are  formed  after  the  development. 

When  two  diffraction  gratings  are  used  in  place 
of  the  cylindrical  lenses  268  and  269  in  Fig.  24,  a 
group  of  spots  291  and  a  group  of  spots  292 
shown  in  Fig.  26  are  formed  on  the  glass  mother 
disk  260.  Therefore,  a  disk  having  concave  and 
convex  type  pits  as  shown  in  Fig.  27  can  be 
produced.  First,  by  setting  the  feeding  speed  of  the 
caster  280  to  the  half  speed,  the  spot  group  292 
can  also  scan  the  center  between  the  adjacent 
track  center  lines  233,  so  that  the  grooves  232  are 
cut  between  the  adjacent  track  center  lines  by 
continuously  oscillating  the  laser  263  by  a  low 
power.  When  the  spot  groups  291  and  292  scan 
the  track  center  line  233,  the  pit  groups  293  and 
294  are  cut  by  the  high  power  pulse  oscillation  of 
the  lasers  262  and  263. 

As  described  above,  according  to  the  invention, 
it  is  possible  to  perform  the  focus  error  detection 
which  is  not  influenced  by  pits  or  the  like  on  the 
disk  and  in  which  even  if  the  attaching  positions  of 
the  optical  parts  change,  no  offset  occurs  in  the 
focus  error  detection  signal,  and  any  special  optical 
system  for  the  focus  error  detection  is  unnec- 
essary. 

Claims 

1.  A  focus  error  detection  method  comprising  the 
steps  of: 

focusing  a  light  beam  (1)  having  an  astig- 
matism  onto  a  medium  surface  and  scanning 
said  medium  surface  by  said  light  beam; 

said  medium  surface  having  two  kinds  of 
pits  (6,  7;  51  ,  52;  203,  204;  230,  231  ;  293,  294) 
formed  thereon  for  providing  identical  modula- 
tion  to  said  light  beam  (1)  in  an  in-focus  state 
and  for  providing  different  modulations  to  the 

light  beam  in  an  out-of-focus  state; 
detecting  the  light  which  is  reflected  from 

the  medium  surface  by  at  least  one  photo- 
detector  (32,  33;  32',  33';  110;  205;  221,  222); 

5  extracting  a  signal  (11,  12,  13;  36;  206, 
207,  208)  modulated  by  said  two  kinds  of  pits 
from  the  output  of  said  photo-detector;  and 

obtaining  a  focus  error  detection  signal 
(38,  276)  from  either  a  phase  or  level  of  said 

io  extracted  signal. 

2.  A  method  according  to  claim  1,  wherein  said 
two  kinds  of  pits  are  pits  (6,  7;  51,  52)  which 
are  respectively  periodically  formed  in  the 

is  scanning  direction  of  said  light  beam  and  are 
deviated  from  each  other  in  a  direction  per- 
pendicular  to  said  scanning  direction,  and  the 
light  beam  has  an  astigmatism  in  a  direction  of 
about  ±45  °  with  respect  to  the  scanning  direc- 

20  tion. 

3.  A  method  according  to  claim  1,  wherein  said 
two  kinds  of  pits  are  pits  (203,  204;  230,  231; 
293,  294)  which  are  respectively  long  in  one  of 

25  two  focal  line  directions  (3,  4)  of  said  light 
beam  (1),  the  signals  modulated  by  the  two 
kinds  of  pits  are  extracted  from  the  output  of 
said  photo-detector,  and  the  focus  error  detec- 
tion  signal  is  obtained  from  a  difference  be- 

30  tween  levels  of  said  extracted  signals. 

4.  A  method  according  to  claim  1,  wherein  there 
are  provided  a  plurality  of  photo-detectors,  at 
least  one  of  which  includes  a  multi-divided 

35  photo-detector  (32',  33';  110)  having  a  plurality 
of  photo-detecting  sections  (101,  102;  103, 
104),  another  focus  error  detection  signal  (105) 
is  obtained  from  a  change  in  light  intensity 
distribution  of  said  reflected  light  which  is  de- 

40  tected  by  said  multi-divided  photo-detector, 
and  this  focus  error  detection  signal  is  used  as 
a  control  signal  in  a  focus  pull-in  operation  to 
provide  the  in-focus  state. 

45  5.  An  optical  information  processing  system  com- 
prising: 

an  information  recording  medium  (26;  202; 
261)  on  which  focus  error  detecting  areas  hav- 
ing  two  kinds  of  focus  error  detecting  pits  (6,  7; 

50  51,  52;  230,  231)  and  information  recording 
areas  in  which  information  is  recorded  are  al- 
ternately  provided  in  a  track  direction, 

an  optical  system  for  focusing  a  light 
beam  (1)  having  an  astigmatism  by  an  objec- 

55  tive  lens  (25)  onto  said  medium  so  that  two 
orthogonal  focal  lines  (3,  4)  of  the  light  beam 
are  formed; 

wherein  said  focus  error  detecting  pits 

13 



25 EP  0  319  033  B1 26 

consist  of  two  kinds  of  pits  for  providing  iden- 
tical  modulation  in  an  in-focus  state  and  for 
providing  different  modulations  to  the  light 
beam  in  an  out-of-focus  state; 

at  least  one  photo-detector  (32,  33;  221, 
222)  for  detecting  the  light  which  is  reflected 
from  the  medium  and  passed  through  said 
objective  lens  (25); 

detecting  means  (37;  100;  227)  for  extract- 
ing  signals  modulated  by  the  focus  error  de- 
tecting  pits  from  the  output  of  said  photo- 
detector  and  for  obtaining  from  said  extracted 
signals  a  focus  error  detection  signal  (38;  105; 
276)  which  is  set  to  a  zero  point  when  the 
medium  is  located  at  a  circle  of  least  confusion 
position  (5)  at  which  the  cross  section  of  the 
light  beam  (1)  becomes  a  circle  between  the 
two  focal  lines  (3,  4)  of  the  light  beam;  and 

operating  means  (44)  for  controlling  a  dis- 
tance  between  the  objective  lens  (25)  and  the 
medium  in  response  to  the  focus  error  detec- 
tion  signal. 

6.  A  system  according  to  claim  5,  wherein  said 
two  kinds  of  pits  are  pits  (6,  7;  51,  52)  which 
are  periodically  formed  in  a  scanning  direction 
of  said  light  beam  (1)  and  are  deviated  from 
each  other  in  a  direction  perpendicular  to  said 
scanning  direction,  and  the  light  beam  has  an 
astigmatism  in  a  direction  of  about  ±45°  with 
respect  to  the  scanning  direction. 

10.  A  system  according  to  claim  5,  wherein  said 
detecting  means  comprises: 

means  (62,  64)  for  differentiating  the  out- 
put  of  said  photo-detector,  for  detecting  a  zero 

5  point  thereof,  and  for  extracting  signals  modu- 
lated  by  said  focus  error  detecting  pits;  and 

means  (65,  74)  for  sampling  the  output  of 
the  photo-detector  by  said  extracted  signals 
and  for  detecting  levels  of  the  signals  modu- 

io  lated  by  the  focus  error  detection  pits. 

11.  A  system  according  to  claim  5,  wherein  there 
are  provided  a  plurality  of  photo-detectors  at 
least  one  of  which  includes  a  multi-divided 

15  photo-detector  (32',  33';  110)  having  a  plurality 
of  photo-detecting  sections  (101,  102;  103, 
104),  said  system  further  comprises  another 
detecting  means  for  obtaining  another  focus 
error  detection  signal  (105)  from  a  change  in 

20  light  intensity  distribution  of  said  reflected  light 
which  is  detected  by  said  multi-divided  photo- 
detector,  and  said  operating  means  (44)  re- 
sponds  to  said  another  focus  error  detecting 
means  and  uses  said  another  focus  error  de- 

25  tection  signal  as  a  control  signal  in  a  focus 
pull-in  operation  to  provide  the  in-focus  state. 

12.  A  system  according  to  claim  5,  comprising 
recording  means  for  recording  information  onto 

30  said  information  recording  areas  along  the 
track  direction. 

7.  A  system  according  to  claim  5,  wherein  said 
two  kinds  of  pits  are  pits  (203,  204;  230,  231; 
293,  294)  which  are  long  in  one  of  two  focal  35 
line  directions  (3,  4)  of  said  light  beam  (1),  one 
of  said  pits  (204,  231)  is  substantially  long  in 
the  sanning  direction  of  the  light  beam,  and  the 
other  pit  (203,  230)  is  substantially  long  in  a 
direction  perpendicular  to  the  scanning  direc-  40 
tion. 

8.  A  system  according  to  claim  7,  wherein  said 
two  kinds  of  pits  consist  of  a  group  of  pits 
(293)  in  which  a  plurality  of  pits  are  arranged  in  45 
the  scanning  direction  and  a  group  of  pits 
(294)  in  which  a  plurality  of  pits  are  arranged  in 
the  direction  perpendicular  to  the  scanning  di- 
rection. 

50 
9.  A  system  according  to  claim  5,  wherein  said 

detecting  means  comprises: 
means  (62,  64)  for  differentiating  the  out- 

put  of  said  photo-detector,  for  detecting  a  zero 
point  thereof,  and  for  extracting  signals  modu-  55 
lated  by  said  focus  error  detecting  pits;  and 

means  (65,  74)  for  detecting  phases  of 
said  extracted  signals. 

13.  A  system  according  to  claim  5,  wherein  said 
focus  error  detecting  pits  are  preliminarily 
formed  so  as  to  have  an  optical  depth  of  1/4  of 
the  wavelength  of  said  light  beam  (1). 

14.  A  system  according  to  claim  5,  wherein 
grooves  (232)  for  optically  guiding  said  light 
beam  (1)  into  at  least  said  information  record- 
ing  areas  along  the  track  direction  are  prelimi- 
narily  formed  on  said  information  recording 
medium. 

15.  A  system  according  to  claim  5,  further  having 
track  error  detecting  means  (68,  69;  243,  244) 
for  sampling  the  outputs  of  the  photo-detectors 
by  said  extracted  signal  and  for  obtaining  a 
track  error  detection  signal  (39)  from  a  level  of 
the  signal  modulated  by  said  focus  error  de- 
tecting  pits,  and  wherein  these  focus  error  de- 
tecting  pits  are  commonly  used  for  a  track 
error  detection. 

Patentanspruche 

1.  Verfahren  zur  Feststellung  eines  Fokussie- 
rungsfehlers,  mit  den  Schritten 
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des  Fokussierens  eines  Lichtstrahles  (1) 
mit  einem  Astigmatismus  auf  die  Oberflache 
eines  Mediums  und  Abtasten  der  Oberflache 
des  Mediums  durch  den  Lichtstrahl; 

wobei  die  Oberflache  des  Mediums  zwei 
Arten  von  Vertiefungen  (6,  7;  51  ,  52;  203,  204; 
230,  231  ;  293,  294)  aufweist,  die  darauf  ausge- 
bildet  wurden,  urn  dem  Lichtstrahl  (1)  im  scharf 
eingestellten  Zustand  eine  identische  Modula- 
tion  zu  erteilen  und  urn  dem  Lichtstrahl  in 
einem  unscharf  eingestellten  Zustand  verschie- 
dene  Modulationen  zu  erteilen; 

des  Erfassens  des  Lichts,  das  von  der 
Oberflache  des  Mediums  reflektiert  wird,  durch 
wenigstens  einen  Photodetektor  (32,  33;  32', 
33';  110;  205;  221,  222); 

des  Ableitens  eines  Signals  (11,  12,  13; 
36;  206,  207,  208),  das  durch  die  beiden  Arten 
von  Vertiefungen  moduliert  ist,  aus  dem  Aus- 
gangssignal  des  Photodetektors;  und 

des  Erhaltens  eines  Fokussierungsfehler- 
Feststellungssignales  (38,  276)  aus  entweder 
der  Phase  oder  dem  Pegel  des  abgeleiteten 
Signals. 

2.  Verfahren  nach  Anspruch  1,  wobei  die  beiden 
Arten  von  Vertiefungen  aus  Vertiefungen  (6,  7; 
51,  52)  bestehen,  die  jeweils  in  der  Abtastrich- 
tung  des  Lichtstrahles  periodisch  ausgebildet 
sind  und  die  voneinander  in  einer  Richtung 
senkrecht  zur  Abtastrichtung  beabstandet  sind, 
und  wobei  der  Lichtstrahl  einen  Astigmatismus 
in  einer  Richtung  von  etwa  ±45  °  bezuglich  der 
Abtastrichtung  aufweist. 

3.  Verfahren  nach  Anspruch  1,  wobei  die  beiden 
Arten  von  Vertiefungen  aus  Vertiefungen  (203, 
204;  230,  231;  293,  294)  bestehen,  die  jeweils 
in  einer  von  zwei  Brennlinienrichtungen  (3,  4) 
des  Lichtstrahls  (1)  langlich  sind,  wobei  die 
durch  die  beiden  Arten  von  Vertiefungen  mo- 
dulierten  Signale  aus  dem  Ausgangssignal  des 
Photodetektors  abgeleitet  werden,  und  wobei 
das  Fokussierungsfehler-Feststellungssignal 
aus  dem  Unterschied  in  den  Pegeln  der  abge- 
leiteten  Signale  erhalten  wird. 

4.  Verfahren  nach  Anspruch  1  ,  wobei  eine  Anzahl 
von  Photodetektoren  vorgesehen  ist,  von  de- 
nen  wenigstens  einer  einen  mehrfach  unterteil- 
ten  Photodetektor  (32',  33';  110)  mit  einer  An- 
zahl  von  Licht  erfassenden  Abschnitten  (101, 
102;  103,  104)  umfaBt,  wobei  ein  weiteres  Fo- 
kussierungsfehler-Feststellungssignal  (105)  aus 
einer  Anderung  in  der  Verteilung  der  Lichtin- 
tensitat  des  reflektierten  Lichts  erhalten  wird, 
das  durch  den  mehrfach  unterteilten  Photode- 
tektor  erfaBt  wird,  und  wobei  dieses  Fokussie- 

rungsfehler-Feststellungssignal  als  Steuersi- 
gnal  in  einem  die  Fokussierung  herbeifuhren- 
den  Vorgang  zur  Erzielung  des  scharf  einge- 
stellten  Zustands  verwendet  wird. 

5 
5.  System  zur  Verarbeitung  optischer  Informatio- 

nen,  mit 
einem  Medium  (26;  202;  261)  zur  Auf- 

zeichnung  von  Informationen,  auf  dem  abwech- 
io  selnd  in  Spurrichtung  Fokussierungsfehler-Er- 

fassungsbereiche  mit  zwei  Arten  von  einen  Fo- 
kussierungsfehler  erfassenden  Vertiefungen  (6, 
7;  51,  52;  230,  231)  und  Bereiche  zur  Aufzeich- 
nung  von  Informationen  vorgesehen  sind,  in 

is  denen  Informationen  aufgezeichnet  sind, 
einem  optischen  System  zum  Fokussieren 

eines  Lichtstrahles  (1)  mit  einem  Astigmatis- 
mus  durch  eine  Objektivlinse  (25)  auf  das  Me- 
dium,  so  dal3  zwei  zueinander  senkrechte 

20  Brennlinien  (3,  4)  des  Lichtstrahles  ausgebildet 
werden; 

wobei  die  Vertiefungen  zur  Erfassung  ei- 
nes  Fokussierungsfehlers  aus  zwei  Arten  von 
Vertiefungen  bestehen,  urn  dem  Lichtstrahl  im 

25  scharf  eingestellten  Zustand  eine  identische 
Modulation  und  in  einem  unscharf  eingestellten 
Zustand  verschiedene  Modulationen  zu  ertei- 
len; 

wenigstens  einem  Photodetektor  (32,  33; 
30  221,  222)  zum  Erfassens  des  Lichts,  das  vom 

Medium  reflektiert  wird  und  das  durch  die  Ob- 
jektivlinse  (25)  gelaufen  ist; 

einem  Detektor  (37;  100;  227)  zum  Ablei- 
ten  von  Signalen,  die  durch  die  Vertiefungen 

35  zum  Erfassen  eines  Fokussierungsfehlers  mo- 
duliert  sind,  aus  dem  Ausgangssignal  des  Pho- 
todetektors  und  zum  Erhalten  eines  Fokussie- 
rungsfehler-Feststellungssignales  (38;  105; 
276)  aus  dem  abgeleiteten  Signal,  wobei  das 

40  Fokussierungsfehler-Feststellungssignal  auf  ei- 
nen  Nullpunkt  eingestellt  ist,  wenn  sich  das 
Medium  auf  dem  Kreis  der  Position  (5)  der 
geringsten  Storung  befindet,  bei  der  der  Quer- 
schnitt  des  Lichtstrahls  (1)  zwischen  den  bei- 

45  den  Brennlinien  (3,  4)  des  Lichtstrahls  zu  ei- 
nem  Kreis  wird;  und  mit 

einer  Betatigungseinrichtung  (44)  zum 
Steuern  des  Abstandes  zwischen  der  Objektiv- 
linse  (25)  und  dem  Medium  in  Reaktion  auf 

50  das  Fokussierungsfehler-Feststellungssignal. 

6.  System  nach  Anspruch  5,  wobei  die  beiden 
Arten  von  Vertiefungen  aus  Vertiefungen  (6,  7; 
51,  52)  bestehen,  die  in  der  Abtastrichtung  des 

55  Lichtstrahles  (1)  periodisch  ausgebildet  sind 
und  die  voneinander  in  einer  Richtung  senk- 
recht  zur  Abtastrichtung  beabstandet  sind,  und 
wobei  der  Lichtstrahl  einen  Astigmatismus  in 

15 



29 EP  0  319  033  B1 30 

einer  Richtung  von  etwa  ±45°  bezuglich  der 
Abtastrichtung  aufweist. 

7.  System  nach  Anspruch  5,  wobei  die  beiden 
Arten  von  Vertiefungen  aus  Vertiefungen  (203,  5 
204;  230,  231;  293,  294)  bestehen,  die  in  einer 
von  zwei  Brennlinienrichtungen  (3,  4)  des 
Lichtstrahls  (1)  langlich  sind,  wobei  die  eine 
der  Vertiefungen  (204,  231)  im  wesentlichen  in 
der  Abtastrichtung  des  Lichtstrahles  lang  ist  10 
und  die  andere  Vertiefung  (203,  230)  im  we- 
sentlichen  in  einer  Richtung  senkrecht  zur  Ab- 
tastrichtung  lang  ist. 

8.  System  nach  Anspruch  7,  wobei  die  beiden  is 
Arten  von  Vertiefungen  aus  einer  Gruppe  von 
Vertiefungen  (293),  bei  der  eine  Anzahl  von 
Vertiefungen  in  der  Abtastrichtung  angeordnet 
ist,  und  einer  Gruppe  von  Vertiefungen  (294) 
bestehen,  bei  der  eine  Anzahl  von  Vertiefun-  20 
gen  in  der  Richtung  senkrecht  zur  Abstastrich- 
tung  angeordnet  ist. 

9.  System  nach  Anspruch  5,  wbei  der  Detektor 
umfaBt  25 

eine  Einrichtung  (62,  64)  zum  Differenzie- 
ren  des  Ausgangssignales  des  Photodetektors, 
urn  einen  Nullpunkt  davon  zu  erfassen,  und 
zum  Ableiten  von  Signalen,  die  durch  die  Ver- 
tiefungen  zum  Erfassen  eines  Fokussierungs-  30 
fehlers  moduliert  sind;  und 

eine  Einrichtung  (65,  74)  zum  Erfassen  der 
Phase  der  abgeleiteten  Signale. 

10.  System  nach  Anspruch  5,  wbei  der  Detektor  35 
umfaBt 

eine  Einrichtung  (62,  64)  zum  Differenzie- 
ren  des  Ausgangssignales  des  Photodetektors, 
urn  einen  Nullpunkt  davon  zu  erfassen,  und 
zum  Ableiten  von  Signalen,  die  durch  die  Ver-  40 
tiefungen  zum  Erfassen  eines  Fokussierungs- 
fehlers  moduliert  sind;  und 

eine  Einrichtung  (65,  74)  zum  Abtasten 
des  Ausgangssignales  des  Photodetektors 
durch  die  abgeleiteten  Signale  und  zum  Erfas-  45 
sen  der  Pegel  der  Signale,  die  durch  die  Ver- 
tiefungen  zum  Erfassen  eines  Fokussierungs- 
fehlers  moduliert  sind. 

11.  System  nach  Anspruch  5,  wobei  eine  Anzahl  50 
von  Photodetektoren  vorgesehen  ist,  von  de- 
nen  wenigstens  einer  einen  mehrfach  unterteil- 
ten  Photodetektor  (32',  33';  110)  mit  einer  An- 
zahl  von  Licht  erfassenden  Abschnitten  (101, 
102;  103,  104)  umfaBt,  wobei  das  System  ei-  55 
nen  weiteren  Detektor  zum  Erhalten  eines  wei- 
teren  Fokussierungsfehler-Feststellungssignal 
(105)  aus  einer  Anderung  in  der  Verteilung  der 

Lichtintensitat  des  reflektierten  Lichts  aufweist, 
das  durch  den  mehrfach  unterteilten  Photode- 
tektor  erfaBt  wird,  und  wobei  die  Betatigungs- 
einrichtung  (44)  auf  diesen  weiteren  Fokussie- 
rungsfehler-Detektor  reagiert  und  das  weitere 
Fokussierungsfehler-Feststellungssignal  als 
Steuersignal  in  einem  die  Fokussierung  herbei- 
fuhrenden  Vorgang  zur  Erzielung  des  scharf 
eingestellten  Zustands  verwendet. 

12.  System  nach  Anspruch  5,  mit  einer  Aufzeich- 
nungseinrichtung  zum  Aufzeichnen  von  Infor- 
mationen  in  den  Bereichen  zur  Aufzeichnung 
von  Informationen  langs  der  Spurrichtung. 

13.  System  nach  Anspruch  5,  wobei  die  Vertiefun- 
gen  zum  Erfassen  eines  Fokussierungsfehlers 
vorab  so  ausgebildet  werden,  dal3  sie  eine 
optische  Tiefe  von  1/4  der  Wellenlange  des 
Lichtstrahles  (1)  haben. 

14.  System  nach  Anspruch  5,  wobei  auf  dem  Me- 
dium  zur  Aufzeichnung  von  Informationen  vor- 
ab  zum  optischen  Fuhren  des  Lichtstrahles  (1) 
in  wenigstens  den  Bereichen  zur  Aufzeichnung 
von  Informationen  langs  der  Spurrichtung  Nu- 
ten  (232)  ausgebildet  sind. 

15.  System  nach  Anspruch  5,  mit  des  weiteren 
einer  Spurfehler-Erfassungseinrichtung  (68,  69; 
243,  244)  zum  Abtasten  der  Ausgangssignale 
der  Photodetektoren  durch  das  abgeleitete  Si- 
gnal  und  zum  Erhalten  eines  Spurfehler-Erfas- 
sungssignales  (39)  aus  dem  Pegel  des  Si- 
gnals,  das  durch  durch  die  Vertiefungen  zum 
Erfassen  eines  Fokussierungsfehlers  moduliert 
ist,  wobei  diese  Vertiefungen  zum  Erfassen 
eines  Fokussierungsfehlers  auch  fur  die  Spur- 
fehlererfassung  verwendet  werden. 

Revendicatlons 

1.  Procede  de  detection  d'une  erreur  de  mise  au 
point,  comprenant  les  etapes  consistant  a  : 

focaliser  un  faisceau  de  lumiere  (1)  pre- 
sentant  un  astigmatisme,  sur  la  surface  d'un 
support  et  balayer  la  surface  du  support  par 
ledit  faisceau  de  lumiere; 

ladite  surface  du  support  comportant  deux 
types  de  cavites 
(6,7;51  ,52;203,204;230,231  ;293,294)  menagees 
dans  cette  surface  pour  appliquer  une  modula- 
tion  identique  audit  faisceau  de  lumiere  (1) 
dans  un  etat  focalise  et  appliquer  des  modula- 
tions  differentes  au  faisceau  de  lumiere  dans 
un  etat  defocalise; 

detecter  la  lumiere  qui  est  reflechie  par  la 
surface  du  support,  a  I'aide  d'au  moins  un 
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photodetecteur 
(32,33;32',33';1  1  0;205;221  ,222); 

extraire  un  signal 
(11,1  2,1  3;36;206,207,208)  module  par  lesdits 
deux  types  de  cavites,  sur  la  sortie  dudit  pho- 
todetecteur;  et 

obtenir  un  signal  de  detection  d'erreur  de 
mise  au  point  (38,276)  a  partir  d'une  phase  ou 
d'un  niveau  dudit  signal  extrait. 

2.  Procede  selon  la  revendication  1,  selon  lequel 
lesdits  deux  types  de  cavites  sont  des  cavites 
(6,7;51,52),  qui  sont  respectivement  formees 
periodiquement  dans  la  direction  de  balayage 
dudit  faisceau  de  lumiere  et  ecartees  les  unes 
des  autres  dans  une  direction  perpendiculaire 
a  ladite  direction  de  balayage,  et  le  faisceau 
de  lumiere  presente  un  astigmatisme  dans  une 
direction  faisant  un  angle  d'environ  ±  45°  par 
rapport  a  la  direction  de  balayage. 

3.  Procede  selon  la  revendication  1,  selon  lequel 
lesdits  deux  types  de  cavites  sont  des  cavites 
(203,204;  230,231  ;  293,294),  qui  sont  respecti- 
vement  longues  dans  I'une  de  deux  directions 
de  lignes  focales  (3,4)  dudit  faisceau  de  lumie- 
re  (1),  les  signaux  modules  par  les  deux  types 
de  cavites  sont  preleves  sur  la  sortie  dudit 
photodetecteur,  et  le  signal  de  detection  d'er- 
reur  de  mise  au  point  est  obtenu  a  partir  d'une 
difference  entre  des  niveaux  desdits  signaux 
extraits. 

4.  Procede  selon  la  revendication  1,  selon  lequel 
il  est  prevu  une  pluralite  de  photodetecteurs, 
dont  I'un  au  moins  comprend  un  photodetec- 
teur  multi-divise  (32',33';1  10),  possedant  une 
pluralite  de  sections  de  photodetection 
(101,102,103,104),  un  autre  signal  de  detection 
d'erreur  de  mise  au  point  (105)  est  obtenu  au 
moyen  d'une  modification  de  la  distribution  de 
I'intensite  de  ladite  lumiere  reflechie,  qui  est 
detectee  par  ledit  photodetecteur  multi-divise, 
et  ce  signal  de  detection  d'erreur  de  mise  au 
point  est  utilise  en  tant  que  signal  de  comman- 
de  dans  une  operation  d'asservissement  de 
mise  au  point  pour  I'obtention  de  I'etat  focali- 
se. 

5.  Systeme  optique  de  traitement  d'informations 
comprenant  : 

un  support  d'enregistrement  d'informations 
(26;202;261),  sur  lequel  des  zones  de  detec- 
tion  d'erreurs  de  mise  au  point  comportant 
deux  types  de  cavites  de  detection  d'erreurs 
de  mise  au  point  (6,7;51  ,52;230,231)  et  des 
zones  d'enregistrement  d'informations,  dans 
lesquelles  une  information  est  enregistree,  sont 

disposees  alternativement  dans  la  direction 
d'une  piste, 

un  systeme  optique  servant  a  focaliser  un 
faisceau  de  lumiere  (1)  presentant  un  astigma- 

5  tisme,  au  moyen  d'un  objectif  (25)  sur  ledit 
support  de  maniere  a  former  deux  lignes  foca- 
les  orthogonales  (3,4)  du  faisceau  de  lumiere; 

lesdites  cavites  de  detection  d'erreurs  de 
mise  au  point  etant  constitutes  de  deux  types 

io  de  cavites  servant  a  appliquer  une  modulation 
identique  dans  un  etat  focalise  et  appliquer 
des  modulations  differentes  au  faisceau  de  lu- 
miere  dans  un  etat  defocalise; 

au  moins  un  photodetecteur 
15  (32,33;221  ,222)  pour  detecter  la  lumiere  qui 

est  reflechie  par  le  support  et  est  transmise 
par  ledit  objectif  (25); 

des  moyens  de  detection  (37;100;227) 
pour  extraire  des  signaux  modules  par  les  ca- 

20  vites  de  detection  d'erreur  de  mise  au  point  et 
delivres  par  la  sortie  dudit  photodetecteur  et 
pour  I'obtention,  a  partir  desdits  signaux  ex- 
traits,  un  signal  de  detection  d'erreur  de  mise 
au  point  (38;105;276),  qui  est  regie  sur  un 

25  point  zero  lorsque  le  support  est  situe  sur  un 
cercle  de  position  de  confusion  minimum  (5), 
au  niveau  duquel  la  section  transversale  du 
faisceau  de  lumiere  (1)  devient  un  cercle  entre 
les  deux  lignes  focales  (3,4)  du  faisceau  de 

30  lumiere;  et 
des  moyens  operationnels  (44)  pour  regler 

une  distance  entre  I'objectif  (25)  et  le  support 
en  reponse  au  signal  de  detection  d'erreur  de 
mise  au  point. 

35 
6.  Systeme  selon  la  revendication  5,  dans  lequel 

lesdits  deux  types  de  cavites  sont  des  cavites 
(6,7;51,52)  qui  sont  formees  periodiquement 
dans  une  direction  de  balayage  dudit  faisceau 

40  de  lumiere  (1)  et  ecartees  les  unes  des  autres 
dans  une  direction  perpendiculaire  a  ladite  di- 
rection  de  balayage,  et  le  faisceau  de  lumiere 
possede  un  astigmatisme  dans  une  direction 
faisant  un  angle  d'environ  ±  45  °  par  rapport  a 

45  la  direction  de  balayage. 

7.  Systeme  selon  la  revendication  5,  dans  lequel 
lesdits  deux  types  de  cavites  sont  des  cavites 
(203,204;  230,231  ;293,294),  qui  sont  allongees 

50  dans  I'une  de  deux  directions  de  lignes  focales 
(3,4)  dudit  faisceau  de  lumiere  (1),  I'une  desdi- 
tes  cavites  (204,231)  est  essentiellement  allon- 
gee  dans  la  direction  de  balayage  du  faisceau 
de  lumiere,  et  I'autre  cavite  (203,230)  est  es- 

55  sentiellement  allongee  dans  une  direction  per- 
pendiculaire  a  la  direction  de  balayage. 
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8.  Systeme  selon  la  revendication  7,  dans  lequel 
lesdits  deux  types  de  cavites  sont  constitues 
par  un  groupe  de  cavites  (293),  dans  lequel 
une  pluralite  de  cavites  sont  disposees  dans  la 
direction  de  balayage  et  un  groupe  de  cavites 
(294),  dans  lequel  une  pluralite  de  cavites  sont 
disposees  dans  la  direction  perpendiculaire  a 
la  direction  de  balayage. 

9.  Systeme  selon  la  revendication  5,  dans  lequel 
lesdits  moyens  de  detection  comprennent  : 

des  moyens  (62,64)  pour  differentier  le 
signal  de  sortie  dudit  photodetecteur,  pour  de- 
tecter  un  point  zero  de  celui-ci  et  pour  extraire 
des  signaux  modules  par  lesdites  cavites  de 
detection  d'erreurs  de  mise  au  point;  et 

des  moyens  (65,74)  pour  detecter  des 
phases  desdits  signaux  extraits. 

10.  Systeme  selon  la  revendication  5,  dans  lequel 
lesdits  moyens  de  detection  comprennent  : 

des  moyens  (62,64)  pour  differentier  le 
signal  de  sortie  dudit  photodetecteur,  pour  de- 
tecter  un  point  zero  de  celui-ci  et  extraire  des 
signaux  modules  par  lesdites  cavites  de  detec- 
tion  d'erreurs  de  mise  au  point;  et 

des  moyens  (65,74)  pour  echantillonner  le 
signal  de  sortie  du  photodetecteur  au  moyen 
desdits  signaux  extraits  et  detecter  des  ni- 
veaux  des  signaux  modules  par  les  cavites  de 
detection  d'erreurs  de  mise  au  point. 

11.  Systeme  selon  la  revendication  5,  dans  lequel 
il  est  prevu  une  pluralite  de  photodetecteurs, 
dont  I'un  au  moins  comprend  un  photodetec- 
teur  multi-divise  (32';33';1  10)  comportant  une 
pluralite  de  sections  de  photodetection 
(101,102;103,104),  ledit  systeme  comprenant 
en  outre  d'autres  moyens  de  detection  pour 
obtenir  un  autre  signal  de  detection  d'erreurs 
de  mise  au  point  (105)  a  partir  d'une  modifica- 
tion  de  la  distribution  de  I'intensite  de  ladite 
lumiere  reflechie,  qui  est  detectee  par  ledit 
photodetecteur  multi-divise,  et  lesdits  moyens 
operationnels  (44)  repondent  auxdits  autres 
moyens  de  detection  d'erreur  de  mise  au  point 
et  utilisent  ledit  autre  signal  de  detection  d'er- 
reur  de  mise  au  point  en  tant  que  signal  de 
commande  lors  d'une  operation  d'asservisse- 
ment  de  mise  au  point  pour  I'obtention  de 
I'etat  focalise. 

12.  Systeme  selon  la  revendication  5,  comprenant 
des  moyens  d'enregistrement  servant  a  enre- 
gistrer  une  information  dans  lesdites  zones 
d'enregistrement  d'informations  le  long  de  la 
direction  de  piste. 

13.  Systeme  selon  la  revendication  5,  dans  lequel 
lesdites  cavites  de  detection  d'erreurs  de  mise 
au  point  sont  formees  de  fagon  preliminaire  de 
maniere  a  presenter  une  profondeur  optique 

5  egale  a  1/4  de  la  longueur  d'onde  dudit  fais- 
ceau  de  lumiere  (1). 

14.  Systeme  selon  la  revendication  15,  dans  lequel 
des  rainures  (232)  servant  a  realiser  le  guidage 

io  optique  dudit  faisceau  de  lumiere  (1)  dans  au 
moins  lesdites  zones  d'enregistrement  d'infor- 
mations  le  long  de  la  direction  de  piste  sont 
formees  de  fagon  preliminaire  dans  ledit  sup- 
port  d'enregistrement  d'informations. 

15 
15.  Systeme  selon  la  revendication  5,  comportant 

en  outre  des  moyens  de  detection  d'erreurs  de 
piste  (68,69;243,244)  pour  echantillonner  les 
signaux  de  sortie  des  photodetecteurs  par  ledit 

20  signal  extrait  et  pour  obtenir  un  signal  de  de- 
tection  d'erreurs  de  piste  (39)  a  partir  d'un 
niveau  du  signal  module  par  lesdites  cavites 
de  detection  d'erreur  de  focalisation,  et  dans 
lequel  ces  cavites  de  detection  d'erreurs  de 

25  focalisation  sont  utilisees  habituellement  pour 
une  detection  d'erreurs  de  piste. 
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