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@  A  recording  and/or  reproducing  apparatus  for 
a  disc-shaped  optical  recording  medium  in- 
cludes  a  rotation  drive  mechanism,  a  head  de- 
vice,  a  discriminating  device,  a  first  processing 
device,  a  second  processing  device,  a  third 
processing  device  and  a  controller.  A  disc- 
shaped  optical  recording  medium  is  loaded  on 
the  rotation  drive  mechanism  and  is  run  in 
rotation  at  a  constant  linear  velocity.  The  head 
device  includes  a  laser  light  source  and  a 
photodetector  unit  and  is  movable  in  the  radial 
direction  of  the  disc-shaped  optical  recording 
medium  for  recording/reproducing  information 
signal  on  or  from  the  disc-shaped  optical  re- 
cording  medium.  The  discriminating  device  dis- 
criminates  the  type  of  the  disc-shaped  optical 
recording  medium  loaded  on  the  rotation  driv- 
ing  device.  The  photodetector  unit  includes 
first,  second  and  third  photodetectors  (I,  J,  81). 
The  first  processing  circuit  (83a)  takes  a  differ- 
ence  between  output  signals  from  the  first 
photodetector  and  those  from  the  second 
photodetector.  The  second  processing  circuit 
(82a)  takes  a  sum  of  output  signals  from  the  first 
photodetector  and  those  from  the  second 
photodetector.  The  third  processing  circuit 
(82b-82e,  83c,  83d)  generates  an  error  signal 
based  on  an  output  signal  from  the  third  photo- 
detector.  The  controller  selectively  changes 
over  an  output  from  the  first  processing  circuit 
to  an  output  from  the  second  processing  circuit 
and  vice  versa  based  on  a  detection  output  from 
the  discriminating  device  to  produce  reproduc- 
ing  signals. 
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The  present  invention  relates  to  a  recording 
and/or  reproducing  apparatus  for  a  disc-shaped  opti- 
cal  recording  medium,  and  a  photodetector  and  an 
optical  head  employed  for  the  recording  and/or  repro- 
ducing  apparatus.  More  particularly,  the  present  in- 
vention  relates  to  a  recording  and/or  reproducing  ap- 
paratus  for  a  disc-shaped  optical  recording  medium, 
which  may  be  a  read-only  optical  recording  medium 
or  a  magneto-optical  recording  medium  on  which  in- 
formation  signals  may  be  re-recorded,  and  a  photode- 
tector  and  an  optical  head  employed  for  the  recording 
and/or  reproducing  apparatus. 

The  optical  recording  medium  on  orfrom  which  in- 
formation  signals  are  recorded  or  reproduced  by  a 
light  beam,  referred  to  hereinafter  as  an  optical  disc, 
may  be  classified  into  a  read-only  optical  disc,  known 
as  a  so-called  compact  disc,  and  a  re-recordable  opt- 
ical  disc  which  permits  not  only  recording  but  also  re- 
cording  and  erasure  of  information  signals. 

With  the  read-only  optical  disc,  a  pattern  of  mi- 
croirregularities  carrying  information  signals  is 
formed  on  a  concentric  or  spirally  extending  recording 
track(s)  on  one  surface  of  the  disc.  Specifically,  the 
optical  disc  includes  a  disc-shaped  substrate,  a  re- 
flective  layer  and  a  protective  layer.  The  disc-  shaped 
substrate  is  formed  of  a  light-  transmitting  synthetic 
material,  such  as  polycarbonate  or  PMMA.  The  reflec- 
tive  layer  is  of  a  metal,  such  as  Al  or  Au,  for  covering 
phase  pits  as  the  pattern  of  the  microirregularities  on 
one  of  the  surfaces  of  the  disc,  substrate.  The  protec- 
tive  layer  is  for  covering  and  protecting  the  reflective 
layer. 

As  the  re-recordable  optical  disc,  there  are  pre- 
sently  known  an  optical  disc  formed  of  a  phase- 
change  type  optical  recording  material  and  a  magne- 
to-optical  disc  formed  of  a  vertical  magnetic  recording 
magnetic  material.  In  general,  the  latter  disc,  that  is 
the  magneto-optical  disc,  has  found  practical  applica- 
tion. 

The  magneto-optical  disc  has  a  disc-shaped  sub- 
strate,  a  recording  layer,  and  a  protective  layer.  The 
disc-shaped  substrate  is  formed  of  a  light- 
transmitting  synthetic  material,  such  as  polycarbon- 
ate  or  PMMA  and  forming  a  guide  groove  for  guiding 
the  light  beam  on  its  one  surface.  The  recording  layer 
is  formed  of  a  vertical  magnetic  recording  material, 
such  as  Te,  Fe  or  Co,  for  covering  the  guide  groove. 
The  protective  layer  covers  and  protects  the  record- 
ing  layer. 

For  reproducing  the  former  disc  of  these  optical 
discs,  that  is  the  read-only  optical  disc,  a  light  beam 
radiated  from  a  laser  light  source  is  irradiated  to  the 
disc  substrate  after  being  converged  by  an  objective 
lens.  The  light  beam  reflected  by  the  reflective  layer 
is  received  by  a  photodetector  through  the  objective 
lens.  The  readout  signals  of  the  information  signals 
recorded  on  the  read-only  optical  disc  may  be  pro- 
duced  by  taking  advantage  of  the  diffraction  by  the 

phase  pits  of  the  optical  disc  of  the  light  beam  reflect- 
ed  back  by  the  reflective  layer  on  the  optical  disc. 

With  the  latter  disc,  that  is  the  re-recordable  disc, 
above  all,  the  magneto-optical  disc,  a  light  beam  radi- 

5  ated  from  a  laser  light  source  is  irradiated  to  the  disc 
substrate  after  being  converged  by  an  objective  lens, 
as  in  the  read-only  disc  mentioned  above.  The  light 
beam  reflected  by  the  recording  layer  is  received  by 
a  photodetector  through  the  objective  lens.  The  read- 

10  out  signals  of  the  information  signals  recorded  on  the 
magneto-optical  disc  may  be  reproduced  by  detecting 
the  Kerr  rotation  angle  in  the  light  beam  reflected  by 
the  recording  layer  of  the  magneto-optical  disc. 

The  arrangement  of  a  conventional  optical  head 
15  for  reproducing  information  signals  from  the  magne- 

to-optical  disc  includes  an  optical  head  105  made  up 
of  a  semiconductor  laser  101,  an  objective  lens  102 
and  first  and  second  photodetectors  103,  104,  as 
shown  in  Fig.  1.  The  optical  head  105,  arranged  as  a 

20  unit,  is  movable  along  the  radius  of  a  magneto-optical 
disc  106. 

A  light  beam  L  radiated  from  the  semiconductor 
laser  101  is  collimated  by  a  collimator  lens  107  so  as 
to  be  incident  on  a  diffraction  grating  108.  The  light 

25  beam  L,  divided  into  at  least  three  beams,  is  transmit- 
ted  through  a  boundary  plane  109a  of  a  beam  splitter 
109  and  thence  directed  to  the  object  lens  102.  The 
objective  lens  102  causes  the  three  beams  divided 
from  the  light  beam  L  incident  thereon  to  be  con- 

30  verged  and  radiated  on  the  recording  layer  of  the 
magneto-optical  disc  106.  A  central  one  of  the  three 
beams  divided  from  the  light  beam  L  is  radiated  on  the 
center  region  of  the  recording  track  on  the  magneto- 
optical  disc  106.  The  remaining  two  side  beams  are 

35  disposed  on  both  sides  of  the  center  light  beam  and 
irradiated  on  the  guide  groove.  The  light  beam  L  radi- 
ated  on  the  center  region  of  the  recording  track  has 
its  plane  of  polarization  rotated  responsive  to  the  pat- 
tern  of  magnetization  of  the  vertical  magnetic  record- 

40  ing  layer  on  the  recording  track.  The  light  beam  L  radi- 
ated  on  the  guide  groove  is  modulated  depending  on 
the  edge  of  the  guide  groove. 

Three  reflected  light  beams  Lr  reflected  by  the 
magneto-optical  disc  106  are  incident  on  the  beam 

45  splitter  1  09  via  the  objective  lens  1  02  and  reflected  at 
the  boundary  plane  109a.  The  three  reflected  light 
beams  Lr,  reflected  by  the  boundary  plane  109a,  un- 
dergo  total  reflection  at  a  reflective  surface  109b, 
formed  at  an  end  of  the  beam  splitter  109,  and  has  its 

so  direction  of  polarization  rotated  by  45°  by  a  down- 
stream  half-wave  plate  110. 

The  reflected  light  beam  Lr  transmitted  through 
the  half-wave  plate  110  are  incident  on  a  polarization 
beam  splitter  113  of  an  analyzer  via  a  multiple  lens 

55  112  made  up  of  a  converging  lens  111,  a  concave  lens 
and  a  cylindrical  lens.  The  three  reflected  light  beams 
Lr  incident  on  the  polarization  beam  splitter  113,  hav- 
ing  a  P-polarization  component,  are  transmitted 
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through  the  boundary  plane  113a  so  as  to  be  incident 
on  a  first  photodetector  103.  Three  reflected  light 
beams  having  an  S-polarization  component  are  re- 
flected  by  the  boundary  plane  109a  so  as  to  be  inci- 
dent  on  a  second  photodetector  104.  The  multiple 
lens  112  plays  the  role  of  adjusting  the  focal  distance 
of  t  he  reflected  I  ight  beams  Lr  incident  on  t  he  first  and 
second  photodetectors  103,  104  and  for  producing 
astigmatism. 

The  first  photodetector  103  is  made  up  of  plural 
photodetectors,  that  is  a  central  four-segment  photo- 
detector  A,  B,  C,  D  and  two-segment  photodetectors 
E,  F  and  G,  H  on  both  sides  of  the  photodetectors  A 
to  D,  with  the  division  lines  of  the  photodetectors  E, 
F  and  G,  H  extending  radially  of  the  optical  disc.  The 
second  photodetector  unit  104  includes  a  four- 
segment  photodetectors  a,  b,  c  and  d.  Outputs  of  the 
photodetectors  are  supplied  to  a  processing  circuit, 
not  shown. 

The  processing  circuit  calculates  an  information 
signal  Si  corresponding  to  information  signals  record- 
ed  on  the  magneto-optical  disc  106,  a  focusing  error 
signal  Sf  and  a  tracking  error  signal  St  in  accordance 
with  the  equations  (1) 

Si  =  (A  +  B  +  C  +  D)  -  (a  +  b  +  c  +  d) 
Sf  =  (A  +  C)  -  (B  +  D)  (1) 

St  =  [(A  +  D)  -  (B  +  C)]  -  K[(E  -  F)  -  (G  -  H)] 
Of  these  signals,  the  information  signal  Si  is  sup- 

plied  to  a  downstream  side  signal  processing  circuit, 
not  shown,  and  the  two  error  signals  Sf  and  St  are 
supplied  to  an  actuator  114. 

The  focusing  error  signal  Sf  is  based  on  the  so- 
called  astigmatic  method,  whereas  the  tracking  error 
signal  St  is  based  on  the  push-pull  principle.  Asforthe 
astigmatic  method  and  the  push-pull  method,  refer- 
ence  is  had  to  e.g.  US  Patents  Nos.  4023033  and 
3909608,  respectively. 

The  actuator  114  has  a  magnetic  circuit  including 
a  focusing  coil,  a  tracking  coil  and  a  magnet.  The  ob- 
jective  lens  102  is  moved  towards  and  away  from  the 
magneto-optical  disc  106,  based  on  the  focusing  er- 
ror  signal  Sf  supplied  to  the  magnetic  circuit,  for  ad- 
justing  the  focal  point  of  the  objective  lens  102.  Also, 
the  objective  lens  102  is  moved  along  the  radius  of 
the  magneto-optical  disc,  based  on  the  tracking  error 
signal  St  supplied  to  the  magnetic  circuit,  for  causing 
the  light  beam  Lfrom  the  semiconductor  laser  101  to 
follow  the  track  center. 

Meanwhile,  it  is  difficult  as  a  principle  to  repro- 
duce  from  the  read-only  optical  disc  and  the  magne- 
to-optical  disc  by  one  and  the  same  optical  head  be- 
cause  these  discs  are  reproduced  in  accordance  with 
different  playback  principles.  If  reproducing  signals 
are  to  be  produced  from  the  read-only  optical  disc  by 
an  optical  head  for  the  magneto-optical  disc  shown  in 
Fig.  1  ,  it  may  be  contemplated  to  produce  the  readout 
signals  using  one  of  the  first  photodetector  103,  such 
as  the  second  photodetector  104. 

However,  with  the  conventional  optical  head, 
shown  in  Fig.  1,  the  two  photodetectors  103,  104 
need  to  be  arranged  at  an  angle  of  90°  with  respect 
to  each  other,  thus  imposing  limitation  on  the  reduc- 

5  tion  in  size  of  the  optical  head. 
One  aspect  of  the  present  invention  is  concerned 

with  a  recording  and/or  reproducing  apparatus  for  a 
disc-shaped  recording  medium  in  which  reproducing 
signals  of  both  the  read-only  optical  recording  me- 

10  dium  and  the  magneto-optical  recording  medium  and 
servo  error  signals  may  be  derived  by  a  single  pho- 
todetector  unit. 

Another  aspect  of  the  present  invention  is  con- 
cerned  with  a  photodetector  unit  and  an  optical  head 

15  by  means  of  which  reproducing  signals  of  both  the 
read-only  optical  recording  medium  and  the  magneto- 
optical  recording  medium  and  servo  error  signals 
may  be  derived. 

A  first  aspect  of  the  present  invention  provides  a 
20  recording  and/or  reproducing  apparatus  for  a  disc- 

shaped  optical  recording  medium  comprising: 
drive  means  for  rotationally  driving  such  an 

optical  recording  medium; 
recording  and/or  reproducing  means  movable 

25  in  the  radial  direction  of  the  disc-shaped  optical  re- 
cording  medium  and  adapted  for  recording  and/or  re- 
producing  information  signals  on  or  from  the  record- 
ing  medium  via  a  light  beam; 

discriminating  means  for  discriminating  the 
30  type  of  the  disc-shaped  optical  recording  medium; 

photodetector  means  including  a  first  photode- 
tector,  a  second  photodetector  and  a  third  photode- 
tector,  said  third  photodetector  being  adapted  for  pro- 
ducing  an  error  signal  controlling  said  recording 

35  and/or  reproducing  means; 
first  processing  means  for  taking  a  sum  of  an 

output  signal  of  said  first  photodetector  and  an  output 
signal  of  said  second  photodetector; 

second  processing  means  for  taking  a  differ- 
40  ence  between  an  output  signal  of  said  first  photode- 

tector  and  an  output  signal  of  said  second  photode- 
tector;  and 

third  processing  means  for  generating  an  error 
signal  based  on  an  output  signal  from  said  third  pho- 

45  todetector, 
outputs  of  said  first  processing  means  and  said 

second  processing  means  being  selectively  switched 
based  on  an  output  of  said  discriminating  means  for 
generating  playback  signals. 

so  A  second  aspect  of  the  invention  provides  a  re- 
cording  and/or  reproducing  apparatus  for  a  disc- 
shaped  optical  recording  medium  employing  a  disc 
cartridge  having  a  discriminating  portion  for  discrim- 
inating  the  type  of  the  disc-shaped  optical  recording 

55  medium  housed  rotatably  therein,  comprising: 
driving  means  for  rotationally  driving  such  an 

optical  recording  medium; 
an  optical  head  device  having  photodetector 

3 
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means  including  a  laser  light  source,  a  first  photode- 
tector,  a  second  photodetector  and  a  third  photode- 
tector,  said  optical  head  device  being  movable  along 
the  radius  of  the  disc-shaped  optical  recording  me- 
dium,  and  adapted  for  recording  and/or  reproducing 
information  signals  on  or  from  the  disc-shaped  optical 
recording  medium  by  a  light  radiated  from  said  laser 
light  source; 

detection  means  for  detecting  said  discriminat- 
ing  part  of  the  disc  cartridge  loaded  in  the  apparatus; 

control  means  for  controlling  an  output  level  of 
the  light  radiated  from  said  laser  light  source  based  on 
an  output  signal  from  said  detection  means; 

discriminating  means  for  discriminating  the 
type  of  the  disc-shaped  optical  recording  medium 
loaded  on  said  rotation  drive  means  based  on  an  out- 
put  signal  of  a  return  light  from  the  disc-shaped  opti- 
cal  recording  medium  of  the  light  radiated  from  the 
laser  light  source  controlled  by  said  controlling 
means; 

first  processing  means  for  taking  a  sum  of  an 
output  signal  of  said  first  photodetector  and  an  output 
signal  of  said  second  photodetector; 

second  processing  means  for  taking  a  differ- 
ence  between  an  output  signal  of  said  first  photode- 
tector  and  an  output  signal  of  said  second  photode- 
tector;  and 

third  processing  means  for  generating  an  error 
signal  based  on  an  output  signal  from  said  third  pho- 
todetector; 

outputs  of  said  first  processing  means  and  said 
second  processing  means  being  selectively  switched 
based  on  an  output  of  said  discriminating  means  for 
generating  reproducing  signals. 

A  third  aspect  of  the  invention  provides  a  photo- 
detector  unit  for  receiving  a  return  light  from  a  disc- 
shaped  optical  recording  medium  of  a  light  beam  radi- 
ated  from  a  laser  light  source  and  for  converting  an 
output  level  corresponding  to  the  received  light  vol- 
ume  into  electrical  signals,  said  unit  comprising: 

a  first  photodetector  having  a  light-receiving 
surface  having  four  sections; 

second  and  third  photodetectors  arrayed  on 
both  sides  of  said  first  photodetector  for  extending 
along  the  track  of  the  disc-shaped  recording  medium 
on  both  sides  of  said  first  photodetector;  and 

fourth  and  fifth  photodetectors  arrayed  on 
both  sides  of  said  first  photodetector  for  extending  at 
right  angles  to  the  track  of  the  disc-shaped  recording 
medium  on  both  sides  of  said  first  photodetector. 

A  fourth  aspect  of  the  invention  provides  an  opt- 
ical  head  device  movable  along  the  radius  of  a  disc- 
shaped  optical  recording  medium  and  adapted  for  re- 
cording  and/or  reproducing  information  signals  on  or 
from  the  disc-shaped  optical  recording  medium  via  a 
light  beam,  said  device  comprising: 

a  light  source; 
a  diffraction  grating  arranged  on  a  light  path  of 

a  light  radiated  from  said  light  source  and  adapted  for 
splitting  a  light  beam  radiated  from  said  light  source 
into  at  least  three  light  beams; 

an  objective  lens  for  converging  the  light 
5  beams  radiated  from  the  light  source  and  transmitted 

through  said  diffraction  grating  on  a  signal  recording 
surface  of  said  disc-shaped  optical  recording  me- 
dium; 

driving  means  for  driving  said  objective  lens 
w  along  the  direction  parallel  to  its  optical  axis  and  with- 

in  a  plane  perpendicular  to  said  optical  axis; 
a  beam  splitter  for  splitting  a  light  beam  inci- 

dent  via  said  objective  lens  from  the  light  beam  radi- 
ated  from  said  light  source, 

15  photodetector  means  having:  a  first  photode- 
tector  having  a  light-receiving  surface  divided  by  two 
boundary  lines  into  four  sections;  second  and  third 
photodetectors  arrayed  in  a  direction  parallel  to  one 
of  said  boundary  lines  on  both  sides  of  said  first  pho- 

20  todetector;  and  fourth  and  fifth  photodetectors  ar- 
rayed  in  a  direction  perpendicular  to  said  one  of  said 
boundary  lines  on  both  sides  of  said  first  photodetec- 
tor; 

a  splitting  optical  element  arranged  between 
25  said  photodetector  means  and  said  beam  splitter  on 

an  optical  axis  of  a  light  beam  incident  thereon  via 
said  objective  lens,  said  splitting  optical  element  split- 
ting  each  of  the  three  light  beam  from  said  diffraction 
grating  into  three  light  beams;  and 

30  a  focusing  error  detection  optical  element  ar- 
ranged  between  said  photodetector  means  and  said 
beam  splitter  on  an  optical  axis  of  a  light  beam  inci- 
dent  thereon  via  said  objective  lens,  said  focusing  de- 
tection  optical  element  causing  changes  in  the  shape 

35  of  a  spot  on  the  light  receiving  surface  of  said  first 
p  hotodetector  i  n  accordance  wit  h  d  is  placement  of  t  he 
disc-shaped  optical  recording  medium  in  a  direction 
perpendicular  to  the  in-plane  direction  of  the  disc- 
shaped  optical  recording  medium. 

40  It  is  possible  with  the  recording  and/or  reproduc- 
ing  apparatus  for  the  disc-shaped  optical  recording 
medium  according  to  embodiments  of  the  present  in- 
vention  to  reproduce  signals  and  error  signals  for  ser- 
vo  from  the  read-only  optical  recording  medium  and 

45  from  the  magneto-optical  recording  medium  by  a  sin- 
gle  photodetector  to  reduce  the  size  of  the  apparatus 
and  the  number  of  assembly  process  steps. 

Specific  embodiments  of  the  present  invention 
will  now  be  described  by  way  of  example  with  refer- 

so  ence  to  the  accompanying  drawings,  in  which: 
Fig.  1  shows  an  arrangement  of  an  optical  system 

of  an  optical  head  employed  in  a  recording  and/or  re- 
producing  apparatus  according  to  the  background 
art. 

55  Fig.  2A  is  a  perspective  view,  as  seen  from  an  up- 
per  side,  showing  a  first  disc  cartridge  employed  in 
one  embodiment  of  the  recording  and/or  reproducing 
apparatus  according  to  the  present  invention. 

4 
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Fig.  2B  is  a  perspective  view,  as  seen  from  the 
lower  side,  of  the  first  disc  cartridge  shown  in  Fig.  2A. 

Fig.  3  is  a  perspective  view,  as  seen  from  the  low- 
er  side  and  the  back  side,  of  the  first  disc  cartridge 
shown  in  Fig.  2A. 

Fig.  4A  is  a  perspective  view,  as  seen  from  an  up- 
per  side,  showing  a  second  disc  cartridge  which  can 
be  used  one  embodiment  of  the  recording  and/or  re- 
producing  apparatus. 

Fig.  4B  is  a  perspective  view,  as  seen  from  the 
lower  side,  of  the  second  disc  cartridge  shown  in  Fig. 
2A. 

Fig.  5  is  a  block  circuit  diagram  showing  an  em- 
bodiment  in  which  the  recording  and/or  reproducing 
apparatus  for  the  disc-shaped  recording  medium  is 
applied  to  a  recording  and/or  reproducing  apparatus 
for  both  the  read-only  optical  disc  and  the  magneto- 
optical  disc. 

Fig.  6  is  a  schematic  cross-sectional  view  show- 
ing  a  read-only  optical  disc  loaded  on  a  spindle  motor 
of  a  recording  and/or  reproducing  apparatus. 

Fig.  7  is  a  schematic  view  showing  above  all  an 
optical  system  of  an  optical  head  loaded  on  a  record- 
ing  and/or  reproducing  apparatus. 

Fig.  8  is  a  schematic  view  showing  the  construc- 
tion  of  a  photodetector  provided  on  an  optical  head, 
as  well  as  an  arrangement  of  a  processing  circuit. 

Fig.  9  is  a  flow  chart  or  illustrating  the  operation 
of  the  recording  and/or  reproducing  apparatus  as  well 
as  signal  processing  and  control  operations  of  a  sys- 
tem  controller. 

Fig.  1  0  is  a  flow  chart  continuing  to  the  flow  chart 
of  Fig.  9  and  illustrating  the  signal  processing  and 
control  operation  of  the  system  controller. 

Fig.  11  is  diagrammatic  view  showing  a  modifica- 
tion  of  the  photodetector  provided  in  the  optical  head. 

Fig.  12  is  diagrammatic  view  showing  another 
modification  of  the  photodetector  provided  in  the  opt- 
ical  head. 

Fig.  13  is  diagrammatic  view  showing  yet  another 
modification  of  the  photodetector  provided  in  the  opt- 
ical  head. 

An  example  in  which  the  recording  and/or  repro- 
ducing  apparatus  for  a  disc-shaped  recording  me- 
dium  is  applied  to  a  recording  and/or  reproducing  ap- 
paratus  for  both  the  read-only  optical  disc  and  the 
magneto-optical  disc  is  hereinafter  explained  by  re- 
ferring  to  Figs.2  to  13.  However,  the  disc  cartridge 
employed  in  the  recording  and/or  reproducing  appa- 
ratus  is  first  explained  by  referring  to  Figs.2  to  4. 

There  are  two  different  type  disc  cartridges  which 
may  be  employed,  that  is,  a  first  disc  cartridge  2A  ro- 
tatably  accommodated  in  a  magneto-optical  disc  1A, 
as  shown  in  Fig.  2,  and  a  second  disc  cartridge  2B  ro- 
tatably  contained  in  a  read-only  optical  disc  1B  rotat- 
ably  contained  therein,  as  shown  in  Fig.  4.  The  disc 
cartridges  2Aand  2B  are  each  includes  of  box-shap- 
ed  upper  and  lower  halves  3,  4  of  reduced  thickness- 

es  which  are  bonded  to  each  other,  such  as  with  an 
adhesive,  with  open  sides  thereof  facing  each  other, 
as  shown  in  Figs.2  and  4. 

The  first  disc  cartridge  2A  has  apertures  5,  6  on 
5  its  front  and  back  sides  and  a  shutter  7  of  a  U-shaped 

cross-section  for  selectively  opening  and  closing  the 
apertures  5,  6.  On  the  other  hand,  the  second  disc 
cartridge  2B  has  an  aperture  8  only  in  its  back  sur- 
face,  that  is  on  the  front  surface  of  the  lower  half  4, 

10  as  shown  in  Fig.  4.  The  second  disc  cartridge  2B  is 
provided  with  a  shutter  9  only  on  its  back  surface 
which  may  be  slid  for  selectively  opening  and  closing 
the  aperture  8.  For  convenience  in  explanation,  the 
magneto-optical  disc  1A  and  the  read-only  optical 

15  disc  1  B  are  collectively  termed  a  disc  1  ,  while  the  first 
and  second  disc  cartridges  2Aand  2B  are  collectively 
termed  a  disc  cartridge  2. 

Each  of  the  disc  cartridges  2A  and  2B  is  formed 
with  a  circular  through-hole  10  at  a  center  of  the  back 

20  side  thereof  and  a  center  hub  11  of  each  of  the  mag- 
neto-optical  disc  1Aand  the  read-only  optical  disc  1B 
is  passed  through  the  through-hole  10. 

A  discriminating  device  12  is  provided  on  the 
back  side  corner  parts  of  the  first  and  second  disc 

25  cartridges  2A  and  2B  opposite  to  the  corners  of  a  re- 
gion  provided  with  the  apertures  6  and  8.  The  discrim- 
inating  device  12  are  made  up  of  a  discriminating 
through-hole  12a  for  inhibiting  mistaken  erasure  and 
a  discriminating  through-hole  12b  for  discriminating 

30  the  disc  type.  The  discriminating  through-holes  12a, 
12b  are  circular  in  contour  and  are  disposed  in  prox- 
imity  to  each  other. 

Referring  to  the  first  disc  cartridge  2A,  the  dis- 
criminating  through-hole  12a  for  inhibiting  mistaken 

35  erasure  is  selectively  opened  or  closed  by  an  operat- 
ing  member  13  provided  on  a  lateral  side  of  the  first 
disc  cartridge  2A,  as  shown  in  Fig.  3.  The  opening  or 
closure  of  the  discriminating  through-hole  12a  is  de- 
tected  by  a  detection  unit  of  the  recording  and/or  re- 

40  producing  apparatus  and  a  decision  is  made  as  to 
whether  or  not  recording  may  be  made  on  the  mag- 
neto-optical  disc  1A  contained  in  the  disc  cartridge 
2A. 

The  operating  member  13  is  an  operating  mem- 
45  ber  partially  exposed  to  outside  via  a  rectangular 

opening  in  the  lateral  surface  of  the  disc  cartridge  2A 
and  a  closure  portion  integral  with  the  operating 
member  1  3.  The  closure  portion  is  adapted  for  selec- 
tively  closing  the  discriminating  through-hole  12a. 

so  The  discriminating  through-hole  12a  may  be  selec- 
tively  opened  or  closed  by  sliding  a  boss  13a  formed 
on  the  exposed  portion  of  the  operating  member  13 
along  the  longitudinal  lateral  side  of  the  disc  cartridge 
2A. 

55  The  opening  or  closure  of  the  discriminating 
through-hole  12a  by  the  operating  member  13  may 
be  made  optionally  by  the  user  depending  on  the 
manner  of  using  the  disc  cartridge  2Aor  may  also  be 

5 
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preset  at  the  manufacturing  plant.  When  the  operat- 
ing  member  13  is  set  the  plant  for  closing  the  discrim- 
inating  through-hole  12a,  the  magneto-optical  disc  1  A 
within  the  first  disc  cartridge  2A  is  set  as  the  read- 
only  magneto-optical  disc.  In  order  to  prevent  the  user 
from  erroneously  recording  data  on  the  read-only 
magneto-optical  disc,  the  operating  member  1  3  is  se- 
cured  with  an  adhesive  to  the  disc  cartridge  2A,  with 
the  closure  portion  of  the  operating  member  1  3  clos- 
ing  the  through-hole  12a  to  render  it  difficult  to  re- 
lease  the  closed  state  of  the  through-hole  12a. 

On  the  other  hand,  the  discriminating  through- 
hole  12b  for  disc  type  discriminates  reflectivity  of  the 
disc  1  contained  in  the  disc  cartridge  2  by  the  opening 
or  closure  thereof. 

For  example,  the  disc  cartridge  2  containing  a 
disc  1  of  low  reflectivity,  such  as  a  magneto-optical 
disc  1A,  has  the  discriminating  through-hole  12b 
opened,  whereas  the  disc  cartridge  2  containing  a 
disc  1  of  high  reflectivity,  such  as  a  read-only  optical 
disc  1B,  has  the  discriminating  through-hole  12b 
closed.  The  magneto-optical  disc  1Aor  the  read-only 
optical  disc  1B  is  contained  within  the  disc  cartridge 
2  during  the  manufacture  process  of  the  disc  car- 
tridge  2.  Therefore,  in  distinction  from  the  discrimin- 
ating  through-hole  12a  for  preventing  mistaken  era- 
sure,  the  discriminating  through-hole  12b  is  not  to  be 
opened  selectively  by  the  user.  Consequently,  the 
discriminating  through-hole  12b  is  opened  or  closed 
during  the  manufacture  process  of  the  disc  cartridge 
2.  In  the  simplest  case,  it  suffices  to  form  the  through- 
hole  12b  only  in  the  first  disc  cartridge  2A  containing 
the  low  reflectivity  disc  1,  such  as  the  magneto-opti- 
cal  disc  1A. 

The  schematic  arrangement  of  the  recording 
and/or  reproducing  apparatus  of  the  present  embodi- 
ment,  into  which  the  first  disc  cartridge  2Aor  the  sec- 
ond  disc  cartridge  2B  is  loaded  selectively,  and  an  ar- 
rangement  of  an  optical  head  loaded  on  the  recording 
and/or  reproducing  apparatus,  will  be  explained  by  re- 
ferring  to  Figs.5  to  13.  In  the  following  explanation  of 
the  recording  and/or  reproducing  apparatus,  the  state 
in  which  the  first  disc  cartridge  2A  is  loaded  therein 
is  mainly  explained  as  an  illustrative  case.  Besides, 
for  convenience  in  explanation,  the  relative  position  of 
the  through-holes  12a  and  12b  formed  in  the  first  disc 
cartridge  2  in  Fig.  5  is  different  from  the  relative  pos- 
ition  of  the  through-holes  12a  and  12b  shown  in  Fig. 
3. 

The  recording  and/or  reproducing  apparatus  in- 
cludes  a  cartridge  holder,  not  shown,  into  which  the 
first  and  second  disc  cartridges  2A  and  2B  are  intro- 
duced  selectively.  A  shutter  opening/closing  mecha- 
nism  for  opening  or  closing  the  shutters  7  and  9  of  the 
first  and  second  disc  cartridges  2Aand  2B  in  a  man- 
ner  known  per  se  is  provided  within  the  cartridge 
holder.  When  the  first  disc  cartridge  2Aor  the  second 
disc  cartridge  2B  is  introduced  into  the  cartridge  hold- 

er,  the  shutter  7  or  9  is  opened  by  the  shutter  open- 
ing/closure  mechanism.  When  the  shutter  7  or  9  is 
opened  completely,  that  is  when  the  disc  cartridge  2 
is  fully  introduced  into  the  cartridge  holder,  capturing 

5  of  the  disc  cartridge  2  into  the  recording  and/or  repro- 
ducing  apparatus  is  completed. 

A  spindle  motor  21  for  rotationally  driving  the 
magneto-optical  disc  or  the  read-only  optical  disc 
contained  within  the  disc  cartridge  2  is  provided  at  a 

10  position  below  the  aperture  10  in  the  disc  cartridge  2 
loaded  in  position  within  the  recording  and/or  repro- 
ducing  apparatus. 

The  spindle  motor  21  may  be  moved  vertically, 
that  is  in  a  direction  towards  and  away  from  the  disc 

15  cartridge  2,  by  a  lift  unit  made  up  of  a  stepping  motor 
and  a  rotation-linear  motion  translating  mechanism  in 
a  manner  known  per  se.  A  turntable  23  fitted  with  a 
permanent  magnet  is  provided  at  an  upper  end  of  a 
shaft  22  of  the  spindle  motor  21  . 

20  When  the  disc  cartridge  2  is  loaded  in  position, 
the  spindle  motor  21  is  lifted  and,  by  such  lifting  of  the 
spindle  motor  21,  the  turntable  23  is  intruded  into  the 
disc  cartridge  2  via  the  aperture  10  in  the  disc  car- 
tridge  2.  At  this  time,  the  upper  surface  of  the  turnta- 

25  ble  23  is  kept  in  close  contact  with  the  center  hub  11 
of  the  disc  1  contained  in  the  disc  cartridge  2,  under 
the  magnetic  attraction  by  the  magnet,  so  that  the 
disc  1  is  held  by  the  turntable  23.  As  a  result  thereof, 
the  disc  1  contained  in  the  disc  cartridge  2  is  loaded 

30  on  the  spindle  motor  21  .  The  spindle  motor  21  is  run 
in  rotation  by  a  constant  angular  velocity  (CAV)  or  a 
constant  linear  velocity  (CLV)  based  on  a  driving  sig- 
nal  Ss  from  a  spindle  servo  circuit  24.  The  loading  op- 
eration  of  the  disc  cartridge  2  into  the  recording 

35  and/or  reproducing  apparatus  is  completed  by  the 
disc  1  contained  in  the  disc  cartridge  2  being  held  on 
the  turntable  23. 

An  optical  head  25  is  provided  within  the  disc  car- 
tridge  2  below  the  aperture  6  exposed  in  the  appara- 

40  tus.  The  optical  head  25  is  movable  along  the  radius 
of  the  disc  1  within  the  disc  cartridge  2  by  a  sliding 
mechanism,  mainly  consisting  in  a  linear  motor  and  a 
guide  shaft,  not  shown. 

The  optical  head  25  is  provided  with  an  objective 
45  lens  26  for  converging  the  light  beam  from  a  laser  light 

source  on  the  disc  1.  The  objective  lens  26  may  be 
moved  slightly  both  in  a  direction  towards  and  away 
from  the  disc  1  and  along  the  radius  of  the  disc  1  by 
an  actuator,  not  shown.  The  actuator  has  a  magnetic 

so  circuit  included  of  e.g.  a  focusing  coil  27,  a  tracking 
coil  28  and  a  magnet,  not  shown. 

Output  signals  of  a  focusing  servo  circuit  29  and 
a  tracking  servo  circuit  30  are  supplied  to  the  coils  27 
and  28,  respectively.  The  objective  lens  26  is  moved 

55  by  the  actuator  in  a  direction  towards  and  away  from 
the  disc  1,  under  the  force  exerted  by  the  coils  27,  28 
and  the  magnet,  not  shown,  for  being  adjusted  as  to 
its  focal  point,  while  being  moved  along  the  radius  of 

6 
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the  disc  1  for  performing  tracking  adjustment. 
The  laser  light  source,  supplied  with  a  driving  cur- 

rent  i  from  a  laser  driving  circuit  31,  radiates  a  light 
beam  in  an  amount  proportional  to  an  output  (light  vol- 
ume)  corresponding  to  the  current  level.  A  readout 
signal  S,  picked  up  by  the  optical  head  25,  is  supplied 
to  a  downstream  processing  circuit  32  which  is  made 
up  e.g.  of  an  adder  and  a  subtractor.  The  readout  sig- 
nal  S  is  transmitted  to  the  processing  circuit  32  over 
several  signal  lines,  which  are  represented  by  a  single 
line  in  Fig.  5. 

The  processing  circuit  32  outputs  output  signals 
S1  and  S2  indicating  the  types  of  the  information  re- 
corded  on  the  disc  1,  a  focusing  error  signals  Sf,  a 
tracking  error  signal  St  and  a  push-pull  signal  Sp 
which  is  a  signal  used  for  obtaining  an  address  infor- 
mation  recorded  on  the  disc  1  . 

That  is,  a  pre-groove  or  guide  groove  is  formed 
on  the  disc  1  with  wobbling  along  the  radius  of  the 
disc  1  .  The  pre-groove  is  frequency-modulated  on  the 
basis  of  the  address  information.  The  address  infor- 
mation  on  the  disc  1  may  be  acquired  by  detecting  the 
wobbling  state  of  the  pre-groove  using  the  push-pull 
signal  Sp.  As  for  the  technique  of  wobbling  the  groove 
based  on  the  address  information,  reference  is  had  to 
our  copending  JP  Patent  KOKAI  Publication  No.63- 
87682  or  US  Patent  No.4,942,565. 

The  two  types  of  the  output  signals  S1  and  S2 
from  the  processing  circuit  32  are  supplied  to  a  down- 
stream  side  switching  circuit  33.  One  of  these  output 
signals  S1  orS2  is  selected  by  the  switching  circuit  33 
based  on  changeover  signal  Sd  from  a  system  con- 
troller  34.  The  output  signal  S1  or  S2,  selected  by  the 
switching  circuit  33,  and  the  push-pull  signal  Sp  from 
the  processing  circuit  32,  are  supplied  to  a  demodu- 
lating  circuit  35  so  as  to  be  demodulated  into  digital 
data  D1  or  D2  and  address  data  Da,  respectively. 

The  digital  data  D1  or  D2  of  the  demodulating  cir- 
cuit  35  is  supplied  to  the  system  controller  34  and  to 
a  downstream  side  D/A  converter  36,  respectively. 
The  digital  data  D1  or  D2,  supplied  to  the  D/A  conver- 
ter  36,  is  converted  into  analog  playback  signals  Sd1 
or  Sd2  which  are  outputted  at  output  terminals  <|>out 
via  a  downstream  side  low-pass  filter  37.  The  address 
data  Da  from  the  demodulating  circuit  35  is  supplied 
to  the  system  controller  34.  The  demodulating  circuit 
35  has  a  series  connection  of  a  binary  circuit  38  and 
an  EFM  decoder  39  on  a  signal  line  traversed  by  the 
readout  signal  S1  or  S2  and  a  series  connection  of  a 
band-pass  filter  40,  a  binary  circuit  41  and  a  decoder 
42  on  a  signal  line  traversed  by  the  push-pull  signal 
Sp.  Thus  the  readout  signal  S1  or  S2  is  translated  by 
the  binary  circuit  38  into  series  binary  data  d1  or  d2 
which  then  are  supplied  to  the  downstream  side  EFM 
decoder  39.  The  binary  data  d1  or  d2  is  processed  by 
the  EFM  decoder  39  by  decoding  for  error  correction, 
such  as  parity  appendage  or  interleaving  or  EFM  de- 
coding  to  produce  digital  data  D1  or  D2  which  is  out- 

putted. 
The  push-pull  signal  Sp  is  processed  by  the 

band-pass  filter  40  where  only  the  signal  of  the  car- 
rier  frequency  component  for  frequency  modulation  is 

5  taken  out.  The  frequency  component  is  set  to  a  fre- 
quency  component  associated  with  the  pre-groove, 
such  as  22.05  kHz  +  900  Hz.  The  signal  which  has 
traversed  the  band-pass  filter  40  is  translated  by  the 
downstream  side  binary  circuit  41  into  series  binary 

10  data  dp  which  is  decoded  by  the  decoder  42  so  as  to 
be  translated  into  address  data  Da  corresponding  to 
the  pre-groove.  Details  of  the  optical  head  25  and  the 
processing  circuit  32  will  be  discussed  later. 

A  magneto-optical  recording  circuit  43  for  record- 
15  ing  information  signals  Sw  on  the  magneto-optical 

disc  1Ais  loaded  on  the  recording  and/or  reproducing 
apparatus.  The  recording  circuit  43  is  included  a  low- 
pass  filter  44,  an  A/D  converter  45  and  an  EFM  en- 
coder  46.  The  A/D  converter  45  quantizes  analog  au- 

20  dio  signals  Sw  entered  via  the  low-pass  filter  44  from 
an  input  terminal  4»i  n  for  translation  into  digital  audio 
data  Dw.  The  digital  audio  signal  Dw  is  supplied  to  the 
downstream  side  EFM  encoder  46.  The  digital  audio 
data  Dw  from  the  A/D  converter  45  is  processed  by 

25  the  EFM  encoder  46  with  encoding  for  error  correc- 
tion,  such  as  parity  appendage  or  interleaving  and 
EFM  encoding. 

The  recording  data  W  from  the  EFM  encoder  46 
is  supplied  via  contact  a  and  a  switching  circuit  47  to 

30  a  light  modulating  circuit  48  connected  at  a  pre-stage 
of  the  laser  driving  circuit  31  in  the  laser  light  source. 
Between  the  EFM  encoder  46  and  a  magnetic  head 
driving  circuit  49,  there  is  connected  toa  switching  cir- 
cuit  51  for  selectively  switching  an  input  to  the  mag- 

35  netic  head  driving  circuit  49  to  the  recording  data  W 
from  the  EFM  encoder  46  or  to  DC  voltage  V  from  a 
DC  power  source  50.  If  the  loaded  disc  1  is  the  mag- 
neto-optical  disc  1  A,  and  the  recording  system  forthe 
magneto-optical  disc  1A  is  the  light  modulation  sys- 

40  tern,  the  switching  circuit  47  is  turned  on  based  on  a 
switching  signal  Se  from  the  system  controller  34  for 
transmitting  the  recording  data  W  from  the  EFM  en- 
coder  46  to  the  light  modulation  circuit  48.  Simultane- 
ously,  the  switching  circuit  51  changes  over  the  input 

45  to  the  magnetic  head  driving  circuit  49  to  the  DC  pow- 
er  source  50  based  on  a  switching  signal  Sg  from  the 
system  controller  34. 

A  magnetic  head  52  is  connected  downstream  of 
the  magnetic  head  driving  circuit  49  and  generates  a 

so  modulated  vertical  magnetic  field  or  a  DC  vertical 
magnetic  field.  The  magnetic  head  52  and  the  optical 
head  25  are  operatively  associated  with  each  other 
so  as  to  be  moved  in  the  radial  direction  of  the  disc 
1.  The  light  modulating  circuit  48  modulates  a  laser 

55  output  signal  So  from  the  system  controller  34  based 
on  the  recording  data  W.  The  bias  voltage  of  the  laser 
driving  circuit  31  is  changed  depending  on  a  modulat- 
ed  signal  Sm  from  the  light  modulating  circuit  48.  Thus 
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the  output  light  intensity  of  the  light  beam  radiated  by 
the  laser  light  source  is  changed  depending  on  the  re- 
cording  data  W.  By  the  light  bream  modulated  under 
a  DC  magnetic  field  environment  being  radiated  on 
the  magneto-optical  disc  1A,  data  may  be  recorded 
on  the  magneto-optical  disc  1A  in  accordance  with 
the  light  modulation  recording  system. 

On  the  other  hand,  if  the  loaded  disc  is  the  mag- 
neto-optical  disc  1A,  and  the  recording  system  forthe 
magneto-optical  disc  1  A  is  the  magnetic  field  modu- 
lating  system,  the  switching  circuit  49  sets  the  input 
to  the  magnetic  head  driving  circuit  49  to  the  EFM  en- 
coder  46,  based  on  the  changeover  signal  Sg  from 
the  system  controller  34,  while  the  switching  circuit  47 
is  turned  off,  based  on  the  changeover  signal  Se  from 
the  system  controller  34,  for  interrupting  supply  of  the 
recording  data  W  towards  the  light  modulating  circuit 
48. 

The  magnetic  head  driving  circuit  49  drives  the 
magnetic  head  52  for  supplying  the  vertical  magnetic 
field  modulated  in  accordance  with  the  supplied  re- 
cording  data  W  to  the  magneto-  optical  disc  1  A.  Since 
an  input  from  the  EFM  encoder  46  is  interrupted,  the 
light  modulation  circuit  48  directly  transmits  the  laser 
output  signal  So  from  the  system  controller  34  to  the 
laser  driving  circuit  31  without  modulation.  As  a  result 
thereof,  a  light  beam  is  radiated  from  the  laser  source 
at  a  DC  power  level  required  for  recording.  In  such 
case,  the  vertical  magnetic  field  supplied  from  the 
magnetic  head  52  is  modulated  on  the  basis  of  the  re- 
cording  data  W  under  the  environment  in  which  the 
light  beam  is  radiated  with  a  constant  light  intensity. 
As  a  result,  data  may  be  recorded  on  the  magneto- 
optical  disc  1  A  in  accordance  with  the  magnetic  field 
modulation  recording  system. 

Within  the  recording  and/or  reproducing  appara- 
tus,  detection  switches  53  and  54  are  provided  in  reg- 
ister  with  the  discrimination  through-holes  12a,  12b 
formed  in  the  disc  cartridge  2.  The  detection  switches 
53,  54  are  fitted  with  contacting  members  53a,  54a 
which  are  protruded  towards  the  discriminating 
through-holes  12a,  12b  and  which  are  perpetually 
biased  by  e.g.  coil  springs  etc.  in  an  upward  direction, 
that  is  in  a  direction  of  being  intruded  into  the  discrim- 
inating  through-holes  12a  and  12b. 

Therefore,  if  the  disc  cartridge  2  loaded  into  the 
cartridge  holder  is  the  first  disc  cartridge  2A,  having 
the  disc  1  of  low  reflectivity,  such  as  the  magneto-opt- 
ical  disc  1A,  the  discriminating  through-hole  12b  is 
opened,  as  shown  in  Fig.  5,  so  that  the  contacting 
member  54a  of  the  detection  switch  54  is  protruded 
upwards  and  intruded  into  the  discriminating  through- 
hole  12b.  Atthis  time,  an  on-signal  ora  high-level  sig- 
nal  is  outputted  from  the  detection  switch  54  and 
transmitted  to  the  system  controller  34. 

On  the  other  hand,  if  the  disc  cartridge  2  is  the 
second  disc  cartridge  2B,  having  the  disc  1  of  high  re- 
felectivity,  such  as  the  read-only  optical  disc  1B,  the 

discriminating  through-hole  12b  is  closed,  as  shown 
in  Fig.  6.  so  that  the  contacting  member  54a  of  the  de- 
tection  switch  54  is  thrust  downwards  against  the 
bias  of  the  coil  spring.  At  this  time,  an  off-signal  or  a 

5  low-level  signal  is  outputted  from  the  detection  switch 
54  and  transmitted  to  the  system  controller  34. 

Another  detection  switch  53  detects  whether  or 
not  recording  may  be  made  on  the  disc  1  contained 
in  the  loaded  disc  cartridge  2.  When  the  discriminat- 

10  ing  through-hole  12a  is  opened,  the  contacting  mem- 
ber  53a  of  the  detection  switch  53  is  protruded  up- 
wards  into  the  discriminating  through-hole  12a.  At 
this  time,  the  detection  switch  53  outputs  an  on-sig- 
nal,  such  as  a  high-level  signal.  When  the  discrimin- 

15  ating  through-hole  12a  is  closed,  the  contacting 
member  53a  is  thrust  downwards,  at  which  time  the 
detection  switch  53  outputs  an  off-signal  (low-level 
signal). 

The  on-signal  and  off-signal  from  the  detection 
20  switch  53  are  supplied  to  the  system  controller  34. 

The  discrimination  as  to  whether  or  not  the  disc  1  is 
recordable  may  be  made  electrically  from  the  on-sig- 
nal  and  the  off-signal  from  the  detection  switch  53  as 
indicating  recordable  or  unrecordable,  respectively. 

25  The  mode  of  discrimination  may  naturally  be  reversed 
from  that  given  above. 

The  system  controller  34  is  operated  in  accor- 
dance  with  the  algorithm  written  in  a  ROM  55  for 
causing  input  data  to  be  processed  by  a  processing 

30  unit  56  to  store  the  processing  results  or  causing  con- 
trol  signals  to  be  outputted  to  various  circuits  based 
on  the  processing  results  to  control  various  circuits. 
The  signal  processing  and  control  operations  by  the 
system  controller  34  will  be  explained  subsequently. 

35  The  optical  head  of  the  recording  and/or  repro- 
ducing  apparatus  according  to  the  present  embodi- 
ment  is  explained  by  referring  to  Fig.  7.  The  optical 
head  has  an  optical  system  74  including  a  laser  light 
source  71  consisting  of  a  semiconductor  laser  of  the 

40  light  beam  L,  the  objective  lens  26  for  converging  the 
light  beam  L  on  the  disc  1  and  a  photodetector  73  for 
detecting  the  return  light  beam  Lr  reflected  from  the 
disc  1  for  translating  the  return  light  beam  into  an 
electrical  signal  as  detection  signal  proportional  to 

45  the  reflected  light  intensity,  as  shown  in  Fig.  7.  The 
optical  head  is  constructed  as  a  unit  and  adapted  for 
being  moved  along  the  radius  of  the  disc  1  by  well- 
known  movement  device,  such  as  a  linear  motor. 

The  optical  system  74  includes,  besides  the 
so  above-mentioned  optical  components,  a  collimator 

lens  75,  a  diffraction  grating  76,  a  beam  splitter  77  and 
a  Wollaston  prism  78.  The  collimator  lens  75  trans- 
lates  the  light  beam  L  radiated  from  the  laser  light 
source  71  into  a  collimated  light.  The  diffraction  grat- 

55  ing  76  divides  the  light  beam  L  into  at  least  three 
beams.  The  beam  splitter  77  splits  the  light  beam  L 
from  the  laser  light  source  71  from  the  return  light 
beam  Lrfrom  the  disc  1.  The  prism  78  is  arranged  on 
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a  light  path  of  the  return  light  beam  Lr  between  the 
beam  splitter  77  and  the  photodetector  73  for  splitting 
the  return  light  beam  into  three  light  beams.  Atotal  re- 
flection  plane  77b  is  formed  on  the  end  face  of  the 
beam  splitter  77  for  conducting  the  light  beam  L  from 
the  laser  light  source  71  towards  a  boundary  plane 
77a. 

An  converging  lens  79  for  converging  the  return 
light  beam  Lron  the  photodetector  73  and  a  multi-lens 
80  made  up  of  a  cylindrical  lens  and  a  concave  lens 
for  adjusting  the  focal  distance  of  the  return  light 
beam  Lrand  for  generating  astigmatism  are  arranged 
between  the  Wollaston  prism  78  and  the  photodetec- 
tor  73. 

A  light  receiving  element  81  as  a  photodetector 
for  detecting  a  part  of  the  light  beam  Lfrom  the  laser 
light  source  71,  that  is  the  light  component  reflected 
at  the  boundary  plane  77a  of  the  beam  splitter  77,  for 
translating  the  detected  light  into  an  electrical  detec- 
tion  signal  of  an  output  current  or  voltage  level  corre- 
sponding  to  the  volume  of  the  reflected  light  beam,  is 
provided  on  the  side  of  the  beam  splitter  77  opposite 
to  the  photodetector  73. 

A  detection  signal  from  the  light  receiving  ele- 
ment  81  is  supplied  to  an  automatic  power  controlling 
circuit  81  ,  not  shown.  The  automatic  power  controlling 
circuit  81  controls  the  output  of  the  laser  light  source 
71  based  on  the  detection  signal  from  the  light  receiv- 
ing  element  81  so  that  the  light  intensity  of  the  light 
beam  Lfrom  the  laserlight  source  71  will  be  constant. 

The  operation  of  the  optical  head  25  is  explained. 
The  light  beam  L  radiated  from  the  laser  light  source 
71  is  collimated  by  the  collimator  lens  75  before  being 
incident  on  the  diffraction  grating  76.  The  light  beam 
L  is  divided  by  the  diffraction  grating  76  into  at  least 
three  light  beam,  that  is  the  0th  order  light,  +  1st  order 
light  and  -  1st  order  light.  These  light  beams  are  trans- 
mitted  through  the  boundary  plane  77a  of  the  beam 
splitter  77  so  as  to  be  supplied  to  the  objective  lens 
26. 

The  objective  lens  26  converges  and  radiates  the 
three  light  beams  divided  from  the  light  beam  L  on  the 
disc  1  .  Of  these  three  light  beams,  the  centerone  (0th 
order  light)  is  radiated  on  the  center  of  a  recording 
track  on  the  disc  1,  while  the  remaining  two  light 
beams  (+  1st  order  lights)  are  radiated  on  the  guide 
groove  so  as  to  lie  ahead  and  at  back  of  the  center 
light  beam. 

In  the  case  of  the  read-only  optical  disc  1B,  the 
light  beam  L  radiated  on  the  center  of  the  recording 
track  is  modulated  in  accordance  with  phase  pits 
formed  along  the  recording  track.  If  the  disc  1  is  the 
magneto-optical  disc  1  A,  the  light  beam  L  radiated  on 
the  center  of  the  recording  track  has  its  plane  of  po- 
larization  rotated  in  accordance  with  the  pattern  of 
magnetization  of  the  recording  layer  on  the  recording 
track.  On  the  other  hand,  the  light  beam  L  radiated  on 
the  guide  groove  is  modulated  in  accordance  with  the 

edges  of  the  guide  groove  for  both  the  read-only  opt- 
ical  disc  1B  and  the  magneto-optical  disc  1A. 

The  three  return  light  beams  Lr  reflected  by  the 
disc  1  are  incident  via  the  objective  lens  26  on  the 

5  beam  splitter  77  so  as  to  be  then  reflected  by  its 
boundary  plane  77a.  The  three  return  light  beams  Lr 
are  incident  on  the  downstream  side  Wollaston  prism 
78. 

The  Wollaston  prism  78  splits  each  of  the  three 
10  return  light  beamss  Lr  incident  thereon  in  a  direction 

intersecting  the  splitting  direction  by  the  diffraction 
grating  76.  In  this  manner,  a  sum  of  nine  return  light 
beams  Lr  are  radiated  from  the  Wollaston  prism  78. 
These  nine  return  light  beams  Lr  are  converged  by  a 

15  next-stage  the  converging  lens  79  and  caused  to  be 
incident  on  the  photodetector  73  via  the  multi-lens  80. 
The  nine  return  light  beams  Lr  are  caused  to  be  inci- 
dent  on  the  photodetector  73  in  a  state  in  which  beam 
spots  on  the  photodetector  73  are  arrayed  in  a  square 

20  pattern.  As  for  the  Wollaston  prism  78,  reference  is 
had  to  US  Pat.  No.4,771,414. 

An  illustrative  example  of  the  photodetector  73  is 
explained  by  referring  to  Fig.  8.  The  photodetector  73 
includes  an  array  of  light-receiving  domains,  each 

25  consisting  in  a  PN  junction,  on  a  single  semiconductor 
substrate.  Concretely,  the  photodetector  73  has  a 
central  four-segment  detector  81  made  up  of  four 
light-  receiving  elements  A,  B,  C  and  D,  each  having 
a  small  light-receiving  area,  arrayed  in  a  square  pat- 

30  tern.  First  and  second.  The  light-receiving  elements  I 
and  J  are  arrayed  above  and  below  the  four-segment 
detector  81  as  viewed  in  the  drawing,  respectively. 
Third  and  fourth  light-receiving  elements  E  and  F  are 
arrayed  on  the  left  and  right  sides  of  the  four- 

35  segment  detector  81  as  viewed  in  the  drawing,  re- 
spectively.  These  light-receiving  elements  are  sepa- 
rated  from  one  another  by  a  field  insulating  film  pre- 
pared  by  selective  oxidation  (LOCOS)  method  by  an 
element  separating  zone  by  a  trench  construction. 

40  The  substrate  on  which  these  light-receiving  ele- 
ments  are  arrayed  is  arranged  so  as  to  be  perpendic- 
ular  with  respect  to  an  optical  axis  of  the  return  light 
beam  Lr. 

As  for  the  disposition  of  these  light-receiving  ele- 
45  ments  with  respect  to  the  track-arraying  direction  (ra- 

dial  direction)  of  disc  1  and  the  direction  tangential  to 
the  track,  the  central  four-segment  detector  81  is  ar- 
ranged  substantially  at  the  track  center,  while  the  first 
and  second  light-receiving  elements  I  and  J  are  ar- 

50  rayed  along  the  tangent  to  the  track  and  the  third  and 
fourth  light-receiving  elements  E  and  F  are  arrayed 
along  the  track-arraying  direction. 

Of  the  nine  return  light  beams  Lr,  the  center  re- 
turn  beam  L1  is  received  by  the  four-segment  detec- 

55  tor  81  .  The  return  light  beam  L2,  which  is  split  by  the 
first  light-  receiving  element  I,  and  which  is  composed 
of  an  S-polarized  light  component,  is  received  by  the 
second  light-receiving  element  J.  Of  the  three  return 
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light  beams  L1L,  L2L  and  L3L,  disposed  on  the  left 
side  of  the  centrally  disposed  three  return  light  beams 
L1  to  L3,  the  centrally  disposed  return  light  beam  L2L 
is  received  by  the  third  light-receiving  element  E.  On 
the  other  hand,  of  the  three  return  light  beams  L1R, 
L2Rand  L3R,  disposed  on  the  leftside  of  the  central- 
ly  disposed  three  return  light  beams  L1  to  L3,  the  cen- 
trally  disposed  return  light  beam  L2R  is  received  by 
the  fourth  light-receiving  element  F. 

The  detection  signals  from  the  four-segment  de- 
tector  81,  first  and  second  light-receiving  elements  I 
and  J  and  the  third  and  fourth  light-receiving  ele- 
ments  E  and  F  are  supplied  to  the  processing  circuit 
32  made  up  of  a  plurality  of,  herein  five,  addition  cir- 
cuits  82a  to  82e,  and  a  plurality  of,  herein  four,  sub- 
tractive  circuits  83a  to  83d. 

The  detection  signals  from  the  first  and  second 
light-receiving  elements  I,  J  are  supplied  to  the  first 
additive  circuit  82a.  The  detection  signals  from  the 
light-receiving  elements  B,  D  of  the  four-segment  de- 
tector  81  are  supplied  to  the  second  additive  circuit 
82b,  while  detection  signals  from  the  light-receiving 
elements  A,  C  of  the  four-segment  detector  81  are 
supplied  to  the  third  additive  circuit  82c.  The  detection 
signals  from  the  light-  receiving  elements  B,  C  are 
supplied  to  the  fourth  additive  circuit  82d.  The  detec- 
tion  signals  from  the  light-receiving  elements  A,  D  of 
the  four-segment  detector  81  are  supplied  to  the  fifth 
additive  circuit.  Signal  lines  from  the  respective  light- 
receiving  elements  are  connected  in  this  manner  to 
the  respective  light-receiving  elements. 

The  detection  signals  from  the  first  and  second 
light-receiving  elements  I  and  J  are  supplied  to  the 
first  subtractive  circuit  83a.  The  detection  signals  from 
the  third  and  fourth  light-receiving  elements  E  and  F 
are  supplied  to  the  second  subtractive  circuit  83b.  The 
addition  signals  from  the  second  and  third  additive 
circuits  82b  and  82c  are  supplied  to  the  second  sub- 
tractive  circuit  83c.  The  addition  signals  from  the 
fourth  and  fifth  additive  circuits  are  inputted  to  the 
fourth  subtractive  circuit.  Signal  lines  from  the  re- 
spective  light-receiving  elements  are  connected  in 
this  manner  to  the  respective  subtractive  elements. 

The  output  signals  of  the  first  additive  circuit  82a 
and  the  first  to  fourth  subtractive  circuits  83a  to  83d 
are  related  with  one  another  by  the  following  equa- 
tions  (2).  That  is,  the  output  signal  of  the  first  additive 
circuit  82a  becomes  a  first  readout  signal  S1  ,  the  out- 
put  signal  of  the  first  subtractive  circuit  83a  becomes 
a  second  readout  signal  S2,  the  output  signal  of  the 
second  subtractive  circuit  83b  becomes  a  tracking  er- 
ror  signal  St,  the  output  signal  of  the  third  subtractive 
circuit  83c  becomes  a  focusing  error  signal  Sf  and  the 
output  signal  of  the  fourth  subtractive  circuit  83d  be- 
comes  a  push-pull  signal  Sp. 

51  =  I  +  J 
52  =  I  -  J 

St  =  E  -  F  (2) 

Sf  =  (A  +  C)  -  (B  +  D) 
Sp  =  (A  +  D)  -  (B  +  C) 

It  should  be  noted  that,  in  the  present  embodi- 
ment,  the  multi-lens  80  is  arrayed  between  the  con- 

5  verging  lens  79  and  the  photodetector  73  and,  as  the 
objective  lens  26  is  deflected  towards  the  direction 
perpendicular  to  the  in-plane  direction  of  the  disc  1, 
the  spot  radiated  on  the  light-receiving  area  of  each 
of  the  light-receiving  elements  A  to  D  of  the  four- 

10  segment  detector  81  is  changed  in  profile.  As  a  result 
thereof,  the  focusing  error  signal  Sf  may  be  produced 
accurately  by  the  processing  by  the  processing  circuit 
32. 

If  the  light  modulation  in  the  return  light  beam  Lr 
15  incident  on  the  photodetector  73  has  been  brought 

about  by  the  phase  pit  in  the  disc  1,  the  signal  asso- 
ciated  with  the  presence  or  absence  of  the  phase  pit 
may  be  directly  utilized  as  the  reproducing  signal. 
That  is,  the  light  intensity  of  the  return  light  beam  is 

20  detected  and  an  electrical  signal  corresponding  to  the 
light  intensity  (current  or  voltage  level)  may  be  direct- 
ly  employed  as  the  reproducing  signal. 

Consequently,  if  the  return  light  beam  Lr,  modu- 
lated  by  the  phase  pit,  is  incident  on  the  photodetec- 

25  tor  73,  the  sum  of  the  electrical  signals  (detection  sig- 
nals),  having  an  output  level  corresponding  to  the  in- 
cident  light  intensity  received  by  the  first  and  second 
light-receiving  elements  I  and  J,  may  be  directly  em- 
ployed  as  the  reproducing  signal.  In  such  case,  the 

30  first  readout  signal  S1  from  the  first  additive  circuit 
82a  may  be  employed  as  the  reproducing  information 
signal. 

On  the  other  hand,  if  the  light  modulation  in  the 
return  light  beam  Lr  incident  on  the  photodetector  73 

35  is  reflected  by  the  verticallar  magnetic  recording  layer 
of  the  magneto-optical  disc  1  A,  the  plane  of  polariza- 
tion  of  the  return  light  beam  Lr  is  rotated  in  a  different 
direction  in  association  with  the  direction  of  the  mag- 
netization  of  the  vertical  magnetic  recording  layer. 

40  Consequently,  a  difference  between  an  electrical 
signal  having  an  output  level  corresponding  to  the  in- 
cident  light  intensity  received  by  the  first  light- 
receiving  element  I  irradiated  with  the  P-polarized 
component  of  the  return  light  beam  (detection  signal) 

45  and  an  electrical  signal  having  an  output  level  corre- 
sponding  to  the  incident  light  intensity  received  by  the 
second  light-receiving  element  J  irradiated  with  the 
S-polarized  component  of  the  return  light  beam  (de- 
tection  signal)  may  directly  be  utilized  as  the  repro- 

50  ducing  signal.  In  such  case,  the  second  readout  infor- 
mation  signal  S2  from  the  first  subtractive  circuit  83a 
may  be  utilized  as  the  reproducing  information  signal 
for  the  magneto-optical  disc  1  A. 

Referring  to  the  flow-chart  of  Fig.  9,  the  opera- 
55  tion  of  the  recording  and/or  reproducing  apparatus 

will  be  hereinafter  explained  in  connection  with  the 
signal  processing  and  the  control  operation  of  the 
system  controller  34.  Explanation  is  made  beginning 

10 
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from  the  state  in  which  the  disc  cartridge  2  is  inserted 
into  the  cartridge  holder,  not  shown. 

Based  on  the  loading  completion  of  the  disc  car- 
tridge  2,  driving  signals  are  supplied  at  step  S1  to  a 
lifting  mechanism  of  a  known  construction,  not 
shown.  Based  on  the  entry  of  driving  signals  from  the 
system  controller  34,  the  lifting  mechanism  lifts  the 
spindle  motor  21  to  load  center  the  hub  11  of  the  disc 
1  on  the  turntable  at  the  foremost  part  of  the  spindle 
motor  21.  On  loading  completion,  the  system  control- 
ler  34  outputs  a  starting  signal  and  a  clock  signal  to 
the  spindle  servo  circuit  24  which  then  causes  the 
spindle  motor  21  to  be  rotated  by  the  CAV  or  the  CLV 
based  on  the  starting  signal  and  the  clock  signal  from 
the  system  controller  34. 

Based  on  an  on/off  signal  from  each  of  the  selec- 
tion  switches  53,  54,  caused  by  completion  of  inser- 
tion  of  the  disc  cartridge  2  into  the  cartridge  holder, 
the  system  controller  34  discriminates  the  type,  that 
is  the  refelctivity  of  the  disc  1  contained  in  the  disc 
cartridge  2,  while  simultaneously  giving  a  decision  as 
to  whether  or  not  recording  can  be  made  on  the  disc 
1. 

Concretely,  when  the  detection  signal  Sy  from 
the  detection  switch  54  is  an  on-signal,  for  example, 
a  logical  T  signal,  it  is  determined  by  algorithm  that 
the  disc  1  is  a  low-reflectivity  disc,  such  as  a  magne- 
to-optical  disc.  When  the  detection  signal  Sy  from  the 
detection  switch  54  is  an  off-signal,  for  example,  a 
logical  '0'  signal,  it  is  determined  that  the  disc  1  is  a 
high-  reflectivity  disc,  such  as  a  read-only  optical  disc 
(step  S3).  In  the  signal  processing  flow,  a  first  deci- 
sion  data  Dy  is  formed  depending  on  the  level  of  the 
detection  signal  supplied  to  the  system  controller  34. 
The  contents  of  the  first  decision  data  Dy  become  log- 
ical  T  or  '0'  depending  on  the  level  of  the  detection 
signal  Sy. 

On  the  other  hand,  if  the  detection  signal  Sxfrom 
the  other  detection  switch  53  is  an  on-signal,  that  is 
a  logically  high  or  T  signal,  it  is  determined  by  algo- 
rithm  that  recording  on  the  disc  1  is  possible,  where- 
as,  if  the  detection  signal  Sx  is  an  off-signal,  that  is  if 
it  is  a  logically  low  or  '0'  signal,  it  is  determined  that 
recording  can  not  be  made  on  the  disc  1  (step  S4).  In 
such  case,  a  second  decision  data  Dx,  corresponding 
to  the  level  of  the  detection  signal  Sx  supplied  to  the 
system  controller  34,  is  formed,  with  the  contents  of 
the  second  decision  data  Dx  becoming  logical- 
ly  '0'  or  T  depending  on  the  level  of  the  detection 
signal  Sx. 

These  decision  data  Dx,  Dy  are  temporarily  re- 
corded  in  a  predetermined  array  parameter  region  of 
a  RAM  57  or  stored  as  a  flag  information  (step  S5). 

Based  on  the  disc  type  indicating  discrimination 
data  Dy,  among  the  stored  discrimination  data  Dy  and 
Dx,  the  system  controller  34  reads  out  from  a  fixed 
data  storage  area  of  the  ROM  55,  a  laser  output  con- 
trol  data  Do  which  is  to  be  supplied  to  the  laser  light 

source  71  . 
Meanwhile,  since  the  reflective  layer  of  Al  or  Au 

is  formed  on  the  read-only  optical  disc  1B,  as  a  high 
reflectivity  optical  disc,  it  has  a  reflectivity  higherthan 

5  that  of  the  magneto-optical  disc  1  B  by  80%  or  more, 
so  that  the  inrtensitye  of  reflected  light  beam  Lrfrom 
the  read-only  optical  disc  becomes  exceedingly  larg- 
er.  The  four-segment  detector  81  and  the  first  to 
fourth  light-receiving  elements  I,  J,  E  and  F  making  up 

10  the  photodetector  73  exhibit  a  knee  in  their  photoelec- 
tric  conversion  characteristics. 

That  is,  these  characteristics  are  substantially  lin- 
ear  within  a  range  up  to  a  certain  knee  point  from  the 
zero  light  volume  state,  while  the  characteristics  be- 

15  come  non-linear  above  this  light  intensity  to  produce 
saturated  states.  For  producing  satisfactory  repro- 
ducing  signals,  it  is  critical  to  employ  the  linear  range 
of  the  characteristics.  However,  if  the  return  light 
beam  Lr  having  an  abundant  reflected  light  intensity 

20  falls  directly  on  the  photodetector  73,  saturation  of 
photoelectric  conversion  is  induced  in  each  of  the 
four-segment  detector  81  and  the  first  to  fourth  light- 
receiving  elements  I,  J,  E  and  F,  thus  leading  to  an  in- 
convenience  that  the  reproducing  signals  or  various 

25  error  signals  cannot  be  read. 
Thus  the  system  controller  34  provides  a  variable 

bias  voltage  supplied  to  the  laser  light  source  71  ,  de- 
pending  on  the  type  of  the  disc  1,  for  setting  an  opti- 
mum  laser  output  for  photoelectric  conversion  by  the 

30  photodetector  73.  For  example,  for  the  high- 
reflectivity  read-only  optical  disc  1  B,  the  bias  voltage 
to  be  applied  to  the  laser  light  source  71  is  set  so  that 
the  output  of  the  light  beam  L  becomes  low  level.  Con- 
versely,  for  the  magneto-optical  disc  1  A  having  a  low- 

35  er  reflectivity  on  the  order  of  1  5  to  30%,  the  bias  vol- 
tage  to  be  applied  to  the  laser  light  source  71  is  set 
so  that  the  output  of  the  light  beam  L  becomes  high 
level. 

Thus  the  laser  output  control  data  Do  corre- 
40  sponding  to  the  laser  output  level  associated  with  the 

type  of  the  disc  1  is  set  in  the  fixed  data  storage  area 
of  the  ROM  55.  The  system  controller  34  discrimin- 
ates  the  type  of  the  disc  1,  depending  on  the  detec- 
tion  signals  Sx  and  Sy  from  the  detection  switches  53 

45  and  54,  to  read  out  the  corresponding  laser  output 
control  data  Do  from  the  fixed  data  storage  area  of 
the  ROM  55.  The  data  Do  is  converted  by  a  D/A  con- 
verter  60  into  an  analog  laser  output  control  signal  So 
which  is  supplied  to  the  driving  circuit  31  of  the  laser 

so  light  source  So  (step  S7).  The  bias  voltage  of  the  laser 
driving  circuit  31  is  set  to  a  voltage  corresponding  to 
t  he  output  level  ofthelaseroutputsignalSo.Adriving 
current  i  corresponding  to  the  thus  set  bias  voltage 
flows  in  the  laser  light  source  71  so  that  the  light 

55  beam  L  having  an  output  level  proportionate  to  the 
driving  current  i  is  radiated  from  the  laser  light  source 
71. 

The  system  controller  34  supplies  a  driving  signal 
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and  a  clock  signal  to  a  conventional  slide  mechanism 
for  the  optical  head,  not  shown  (step  S8).  This  slide 
mechanism  causes  the  optical  head  25  and  the  mag- 
netic  head  52  to  be  moved  in  the  radial  direction  of  the 
disc  1  based  on  the  driving  signal  and  the  clock  signal 
from  the  system  controller  34.  With  the  optical  head 
25  positioned  at  the  most  inner  side  postion  of  the  re- 
cording  area  of  the  disc  1  ,  attribute  data,  that  is  TOC 
data  of  the  disc  1  ,  are  read  out  from  the  disc  1  (step 
S9). 

Since  the  light  beam  L  is  set  to  an  optimum  out- 
put,  depending  on  the  disc  1,  it  becomes  possible  to 
use  the  linear  range  of  the  characteristic  curve  for 
photoelectric  conversion  in  the  photodetector  73,  so 
that  the  electrical  signal  (detection  signal)  corre- 
sponding  to  the  return  light  intensity  may  be  outputted 
satisfactorily  from  the  respective  light  receiving  ele- 
ments.  These  TOC  data  are  pre-recorded  on  both  of 
the  read-only  optical  disc  and  the  magneto-optical 
disc  by  the  phase  pits.  These  TOC  data  have  e.g.  data 
indicating  the  type  of  the  disc  1  .  The  system  controller 
34  outputs  a  changeover  signal  Sd  to  the  switching 
circuit  33  which  is  changed  over  to  accept  the  first 
readout  signal  S1.  The  TOC  data,  read  out  into  the 
system  controller  34  via  the  processing  circuit  32,  the 
switching  circuit  33  and  the  demodulating  circuit  34, 
are  stored  in  the  array  parameter  storage  area  of  the 
RAM  57  (step  S10). 

Based  on  the  stored  TOC  data,  the  system  con- 
troller  34  discriminates  if  the  disc  1  loaded  is  the  mag- 
neto-optical  disc  1Aor  the  read-only  optical  disc  1B 
(step  S11).  If  the  TOC  data  indicates  that  the  disc  is 
the  magneto-optical  disc,  control  proceeds  to  step 
S12.  On  the  other  hand,  if  the  TOC  data  indicates  that 
the  disc  is  the  read-only  optical  disc,  control  proceeds 
to  step  S13. 

At  step  S12,  the  system  controller  34  reads  out  a 
push  button  data  Dk  from  an  operating  panel  61  to 
check  if  the  operator  has  actuated  a  recording  key  or 
a  playback  key  on  the  operating  panel  61.  If  the  re- 
cording  key  is  actuated,  control  proceeds  to  step  S1  4. 
If  the  playback  key  is  actuated,  control  proceeds  to 
step  S15. 

At  step  S13,  the  information  signals  recorded  by 
the  phase  pits  on  the  read-only  optical  disc  1B  are 
read  out  by  the  actuation  of  the  playback  key  on  the 
operating  panel  61.  At  this  time,  the  switching  circuit 
33  is  changed  over  to  the  side  of  a  terminal  33a  under 
a  control  signal  from  the  system  controller  34.  This  re- 
producing  operation  is  carried  out  by  the  first  play- 
back  information  signal  S1  from  the  processing  circuit 
32  being  transmitted  via  the  switching  circuit  33,  the 
demodulating  circuit  35,  the  D/A  converter  36  and  the 
low-pass  filter  37  at  the  output  terminal  <|>out.  For  this 
operation,  the  second  discriminating  data  Dx  in  the 
RAM  57  indicating  whether  not  recording  is  possible 
is  disregarded. 

At  step  S14,  the  second  discriminating  data  Dx 

stored  in  the  RAM  57  is  used  for  determining  whether 
or  not  recording  is  possible. 

At  step  S1  5,  the  changeover  signal  Sd  is  supplied 
from  the  system  controller  34  to  the  switching  circuit 

5  33.  The  switching  circuit  33  selects  the  readout  signal 
S2  as  an  input.  Based  on  the  operation  by  the  play- 
back  key  of  the  operating  panel  61,  the  information 
signals  recorded  on  the  vertical  magnetic  recording 
layer  of  the  magneto-optical  disc  1Aare  read.  Atthis 

10  time,  the  switching  circuit  33  is  changed  over  to  the 
side  of  a  terminal  33b  under  a  control  signal  from  the 
system  controller  34.  This  reproducing  operation  is 
carried  out  by  the  second  readout  signal  S2  from  the 
processing  circuit  32  being  transmitted  via  the  switch- 

15  ing  circuit  33,  the  demodulating  circuit  35,  the  D/A 
converter  36  and  the  low-pass  filter  37  to  the  output 
terminal  <|>out  (step  S16). 

The  output  address  data  Da  of  the  demodulating 
circuit  35  is  supplied  to  the  system  controller  34  so  as 

20  to  be  used  for  controlling  the  rotation  of  the  spindle 
motor  21  or  the  scanning  position  of  the  optical  head 
25  during  the  seek  operation. 

If  the  recording  is  decided  to  be  possible  at  step 
S14,  control  proceeds  to  step  S1  7.  If  the  recording  is 

25  decided  to  be  not  possible  at  step  S14,  control  pro- 
ceeds  to  step  S18.  At  step  S17,  the  TOC  data  stored 
in  the  RAM  57  is  used  to  determine  if  the  recording 
system  for  the  magneto-optical  disc  1A  is  the  light 
modulation  system  or  the  magnetic  field  modulation 

30  system. 
If  the  modulation  system  is  determined  at  step 

S17  to  be  the  light  modulating  system,  the  system 
controller  34  supplies  changeover  signals  Sg  and  Se 
to  the  switching  circuits  51  and  47,  respectively,  to  set 

35  the  input  to  the  magnetic  head  driving  circuit  49  to  the 
dc  source  side  (step  S19),  while  switching  the  record- 
ing  data  Wfrom  the  EFM  encoder  46  to  the  side  of  the 
light  modulating  circuit  48  (step  S20).  This  enables 
light  modulation  recording  of  the  recording  data  W  to 

40  be  made  on  the  magneto-optical  disc  1  A  (step  S21). 
If  the  modulation  system  is  determined  at  step 

S17  to  be  the  magnetic  field  modulating  system,  the 
system  controller  34  supplies  changeover  signals  Sg 
and  Se  to  the  switching  circuits  51  and  47,  respective- 

45  ly,  to  set  the  input  to  the  magnetic  head  driving  circuit 
49  to  the  side  of  the  EFM  encoder  46  (step  S1  9),  while 
interrupting  the  supply  of  the  recording  data  W  to  the 
light  modulating  circuit  48  (step  S22).  This  enables 
magnetic  field  modulation  recording  of  the  recording 

so  data  W  to  be  made  on  the  magneto-optical  disc  1A 
(step  S24). 

If  recording  is  found  at  step  S14  to  be  not  possi- 
ble,  the  system  controller  34  reads  out  a  message 
data  Dm  indicating  recording  being  impossible  from  a 

55  message  data  storage  area  in  the  ROM  55  to  output 
the  message  data  to  display  it  on  a  display  device  62 
constituted  by  a  liquid  display  or  the  like  (step  S18). 

In  the  reproducing  operation  (steps  S13  and  S16) 

12 
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and  the  recording  operation  (steps  S2  and  S24),  the 
tracking  error  signal  St  and  the  focusing  error  signal 
Sf  are  detected  and  the  focusing  point  adjustment  for 
the  objective  lens  26  and  the  tracking  adjustment  are 
performed  based  on  these  error  signals  St  and  Sf. 

Concretely,  the  focusing  error  signal  Sf  is  gener- 
ated  in  the  processing  circuit  32  based  on  the  output 
detection  signal  of  the  four-segment  detector  81 
shown  in  Fig.  8.  The  focusing  error  signal  Sf  thus  gen- 
erated  is  supplied  to  the  focusing  servo  circuit  29. 
Based  on  the  focusing  error  signal  Sf,  supplied  there- 
to,  the  servo  circuit  29  causes  the  driving  current  to 
flow  through  the  focusing  coil  27  in  the  actuator  to 
drive  the  actuator.  The  objective  lens  26  is  moved  in 
a  direction  towards  and  away  from  the  disc  1  under  a 
vertically  directed  driving  force  generated  by  the  fo- 
cusing  coil  27  and  the  magnetic  circuit.  As  a  result, 
the  light  beam  Lfrom  the  laser  light  source  71  is  con- 
verged  on  the  disc  1  to  follow  vertical  movements  of 
the  disc  1  caused  by  deviation  of  the  disc  surface 
from  horizontal.  In  such  case,  the  objective  lens  26  is 
moved  vertically  depending  on  the  polarity  and  level 
of  the  driving  current  supplied  to  the  focusing  coil  27. 

As  for  the  tracking  adjustment,  tracking  error  sig- 
nal  St  is  generated  in  the  processing  circuit  32,  based 
on  detection  signal  from  the  third  and  fourth  light- 
receiving  elements  E  and  F  in  Fig.  8,  so  as  to  be  sup- 
plied  to  the  tracking  servo  circuit  30.  Based  on  the 
tracking  error  signal  St,  supplied  thereto,  the  servo 
circuit  30  causes  the  driving  current  to  flow  through 
the  tracking  coil  28  in  the  actuator  to  drive  the  actua- 
tor.  Under  the  driving  force  in  the  radial  direction  of 
the  disc  1  ,  generated  by  the  tracking  coil  28  and  the 
magnetic  circuit,  the  objective  lens  26  is  moved  in  the 
radial  direction  of  the  disc  1  to  cause  the  center  light 
beam  (0th  order  light),  among  the  three  light  beams 
as  divided  by  the  diffraction  grating  76,  to  follow  the 
track  center.  In  this  case,  the  objective  lens  26  is 
moved  in  the  radial  direction  of  the  disc  1  depending 
on  the  polarity  and  level  of  the  driving  current  sup- 
plied  to  the  tracking  coil  28. 

During  focusing  point  adjustment  and  tracking  ad- 
justment  by  the  servo  circuits  29  and  30,  the  system 
controller  34  reads  out  servo  gain  setting  data  (opti- 
mum  gain  data  depending  on  the  type  of  disc  1)  from 
the  fixed  data  storage  area  of  the  ROM  55.  This  servo 
gain  setting  data  are  translated  by  the  D/A  converter 
63  into  analog  servo  gain  setting  signal  Ps  which  is 
supplied  to  both  servo  circuits  28  and  30.  The  servo 
circuits  28,  30  have  the  respective  servo  gain  values 
set  in  accordance  with  the  servo  gain  setting  signal 
Ps  supplied  thereto  to  cause  the  focus  point  adjust- 
ment  forthe  objective  lens  26  and  tracking  adjustment 
to  be  achieved  at  the  optimum  servo  gain  depending 
on  the  type  of  the  disc  1  . 

With  the  recording  and/or  reproducing  appara- 
tus,  in  which  the  light  beam  L  radiated  from  the  laser 
light  source  71  is  divided  by  the  diffraction  grating  76 

into  three  light  beams  Land  the  return  light  beams  re- 
flected  back  by  the  Wollaston  prism  78  are  further 
split  into  a  sum  total  of  nine  return  light  beams  Lr,  the 
light  beams  L1  and  (L2L;  L2R)  necessary  for  detect- 

5  ing  focusing  error  and  tracking  error  and  light  beams 
L1  and  P-and  S-polarized  light  components  L2,  L3 
necessary  for  detecting  address  information  signals 
may  be  taken  out  from  the  return  light  beam  Lr  trav- 
elling  on  a  single  light  path  without  the  necessity  of 

10  necessity  of  splitting  the  return  light  beam  Lr  by  the 
beam  splitter  into  components  which  follow  the  light 
paths  90°  separated  from  each  other,  as  in  the  con- 
ventional  system. 

Besides,  since  the  plural  light-receiving  elements 
15  taking  charge  of  the  photoelectric  conversion  are  ar- 

rayed  at  the  positions  irradiated  with  the  light  beam 
components  for  constituting  the  photodetector  73,  the 
read-only  optical  disc  1B  and  the  magneto-optical 
disc  1A,  operating  under  a  different  reproduction  prin- 

20  ciple,  may  be  reproduced  by  the  single  photodetector 
73.  In  addition,  since  only  one  photodetector  73  suf- 
fices,  the  optical  head  25  may  be  reduced  in  size. 

On  the  other  hand,  a  light  intensity  of  the  light 
beam  L  radiated  from  the  laser  light  source  71  is 

25  changed  depending  on  the  reflectivity  of  the  read- 
only  optical  disc  1B  and  that  of  the  magneto-optical 
disc  1  A.  As  a  results  thereof,  photoelectric  conversion 
by  the  plural  light-receiving  elements  in  the  photode- 
tector  73  may  be  performed  in  the  linear  region  of  the 

30  associated  characteristic  curves  to  avoid  the  undesir- 
able  saturation  of  the  servo  system. 

In  the  above-described  embodiment,  the  third 
and  fourth  light-receiving  elements  E  and  F  of  the 
photodetector  73  are  formed  by  a  square-shaped 

35  light-receiving  regions.  However,  alternatively,  each 
of  the  third  and  fourth  light-receiving  elements  E,  F 
may  be  constructed  as  two-segment  detectors  91  ,  92 
in  which  two  strip-shaped  light-receiving  elements  E, 
F  and  G,  H  are  formed  in  adjacency  to  each  other  in 

40  the  track  arraying  direction,  that  is  along  the  radius 
of  the  disc  1.  In  such  case,  the  differential  push-pull 
system,  represented  by  the  equation  (3),  may  be  em- 
ployed  as  the  detection  system  for  the  tracking  error 
signal  St. 

45  St  =  (A  +  D)  -  (B  -  C)  +  G  {(E  -  F)  + 
(G  -  H)}  (3) 

Besides,  as  a  modification  of  the  photodetector 
73,  the  respective  light-receiving  areas  in  the  third 
and  fourth  light-receiving  areas  E  and  F  may  be  ex- 

50  tended  along  the  tangent  to  the  track.  In  such  case, 
all  of  the  return  light  beams  Lr  (L1,  L2,  L3,  L1L,  L2L, 
L3L,  L1R,  L2R,  L3R,  as  split  by  the  Wollaston  prism 
78,  may  be  utilized  to  raise  the  light  utilization  effi- 
ciency.  The  third  and  fourth  light-receiving  elements 

55  E  and  F,  formed  by  extending  the  light  receiving  areas 
in  Fig.  12  may  naturally  be  constituted  by  the  two-seg- 
ment  detectors  91  and  92,  as  in  the  case  of  Fig.  11. 

On  the  other  hand,  with  the  optical  system  74  for 

13 
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the  optical  head  25  in  the  above-described  embodi- 
ment,  the  collimator  lens  75  is  arranged  between  the 
laser  light  source  71  and  the  diffraction  grating  76, 
while  the  converging  lens  79  is  arranged  between  the 
Wollaston  prism  78  and  the  multi-lens  80.  Alternative- 
ly,  the  single  converging  lens  79  may  also  be  ar- 
ranged  on  a  light  path  between  the  beam  splitter  7 
and  the  objective  lens  26. 

Claims 

1.  A  recording  and/or  reproducing  apparatus  for  a 
disc-shaped  optical  recording  medium  compris- 
ing: 

drive  means  (21-23)  for  rotationally  driving 
such  an  optical  recording  medium; 

recording  and/or  reproducing  means  (25) 
movable  in  the  radial  direction  of  the  disc-shaped 
optical  recording  medium  and  adapted  for  record- 
ing  and/or  reproducing  information  signals  on  or 
from  the  recording  medium  via  a  light  beam; 

discriminating  means  (54)  for  discriminat- 
ing  the  type  of  the  disc-shaped  optical  recording 
medium; 

photodetector  means  (73)  including  a  first 
photodetector  (I),  a  second  photodetector  (J)  and 
a  third  photodetector  (81),  said  third  photodetec- 
tor  being  adapted  for  producing  an  error  signal 
controlling  said  recording  and/or  reproducing 
means; 

first  processing  means  (82a)  for  taking  a 
sum  of  an  output  signal  of  said  first  photodetector 
and  an  output  signal  of  said  second  photodetec- 
tor; 

second  processing  means  (83a)  for  taking 
a  difference  between  an  output  signal  of  said  first 
photodetector  and  an  output  signal  of  said  sec- 
ond  photodetector;  and 

third  processing  means  (82b-82e,  83c, 
83d)  for  generating  an  error  signal  based  on  an 
output  signal  from  said  third  photodetector, 

outputs  of  said  first  processing  means  and 
said  second  processing  means  being  selectively 
switched  based  on  an  output  of  said  discriminat- 
ing  means  for  generating  playback  signals. 

2.  An  apparatus  according  to  claim  1  ,  wherein  said 
first  photodetector  and  said  second  photodetec- 
tor  of  said  photodetector  means  are  arrayed  in  a 
direction  perpendicular  to  the  track  arraying  di- 
rection  of  said  disc-shaped  optical  recording  me- 
dium. 

3.  An  apparatus  according  to  claim  1  or  2,  wherein 
said  first,  second  and  third  photodetectors  are  ar- 
ranged  in  a  plane  perpendicularto  the  optical  axis 
of  the  return  lightfrom  the  disc-shaped  optical  re- 

cording  medium  incident  on  said  photodetector 
means. 

4.  A  recording  and/or  reproducing  apparatus  for  a 
5  disc-shaped  optical  recording  medium  employing 

a  disc  cartridge  having  a  discriminating  portion 
for  discriminating  the  type  of  the  disc-shaped 
optical  recording  medium  housed  rotatably  there- 
in,  comprising: 

10  driving  means  (21)  for  rotationally  driving 
such  an  optical  recording  medium; 

an  optical  head  device  having  photodetec- 
tor  means  including  a  laser  light  source  (71),  a 
first  photodetector  (I),  a  second  photodetector  (J) 

15  and  a  third  photodetector  (81),  said  optical  head 
device  being  movable  along  the  radius  of  the 
disc-shaped  optical  recording  medium,  and 
adapted  for  recording  and/or  reproducing  infor- 
mation  signals  on  or  from  the  disc-shaped  optical 

20  recording  medium  by  a  light  radiated  from  said 
laser  light  source; 

detection  means  (54)  for  detecting  said 
discriminating  part  of  the  disc  cartridge  loaded  in 
the  apparatus; 

25  control  means  (34)  for  controlling  an  out- 
put  level  of  the  light  radiated  from  said  laser  light 
source  based  on  an  outputsignal  from  said  detec- 
tion  means; 

discriminating  means  for  discriminating 
30  the  type  of  the  disc-shaped  optical  recording  me- 

dium  loaded  on  said  rotation  drive  means  based 
on  an  output  signal  of  a  return  lightfrom  the  disc- 
shaped  optical  recording  medium  of  the  light  radi- 
ated  from  the  laser  light  source  controlled  by  said 

35  controlling  means; 
first  processing  means  (82a)  for  taking  a 

sum  of  an  output  signal  of  said  first  photodetector 
and  an  output  signal  of  said  second  photodetec- 
tor; 

40  second  processing  means  (83a)  for  taking 
a  difference  between  an  output  signal  of  said  first 
photodetector  and  an  output  signal  of  said  sec- 
ond  photodetector;  and 

third  processing  means  (82b-82e,  83c, 
45  83d)  for  generating  an  error  signal  based  on  an 

output  signal  from  said  third  photodetector; 
outputs  of  said  first  processing  means  and 

said  second  processing  means  being  selectively 
switched  based  on  an  output  of  said  discriminat- 

50  ing  means  for  generating  reproducing  signals. 

5.  An  apparatus  according  to  claim  4,  wherein  said 
control  means  comprises  a  memory  having  stor- 
ed  therein  plural  data  indicating  an  output  level  of 

55  the  light  radiated  from  said  laser  light  source,  and 
wherein  data  corresponding  to  the  disc-shaped 
optical  recording  medium  as  loaded  are  read  out 
from  said  memory  based  on  an  output  signal  from 

14 



27 EP0  589  611  A2 28 

said  detection  means. 

6.  An  apparatus  according  to  claim  4  or  5,  said  ap- 
paratus  further  comprising  further  processing 
means  for  generating  a  push-pull  signal  for  de-  5 
tecting  the  address  information  for  said  disc- 
shaped  optical  recording  medium  based  on  an 
output  signal  of  said  third  photodetector. 

7.  An  apparatus  according  to  any  of  claims  4  to  6,  10 
said  apparatus  further  comprising  servo  means 
for  controlling  the  converging  state  on  the  disc- 
shaped  optical  recording  medium  of  the  light 
beam  radiated  from  said  optical  head  device 
based  on  the  output  signal  of  said  third  photode-  15 
tector. 

8.  An  apparatus  according  to  any  of  claims  4  to  7, 
said  apparatus  further  comprising  a  pair  of  light- 
receiving  sections  arranged  parallel  to  a  tangent  20 
to  a  track  formed  on  said  disc-shaped  optical  re- 
cording  medium,  said  third  photodetector  having 
first,  second,  third  and  fourth  light-receiving  re- 
gions  divided  from  one  another  by  a  line  parallel 
to  said  tangent  and  a  line  perpendicular  to  said  25 
tangent,  said  first  and  second  light-receiving  sec- 
tions  being  arranged  parallel  to  a  line  perpendic- 
ular  to  said  tangent. 

9.  A  photodetector  unit  for  receiving  a  return  light  30 
from  a  disc-shaped  optical  recording  medium  of 
a  light  beam  radiated  from  a  laser  light  source  and 
for  converting  an  output  level  corresponding  to 
the  received  light  volume  into  electrical  signals, 
said  unit  comprising:  35 

a  first  photodetector  (81)  having  a  light- 
receiving  surface  having  four  sections; 

second  and  third  photodetectors  (I,  J)  ar- 
rayed  on  both  sides  of  said  first  photodetector  for 
extending  along  the  track  of  the  disc-shaped  re-  40 
cording  medium  on  both  sides  of  said  first  photo- 
detector;  and 

fourth  and  fifth  photodetectors  (E,  F)  ar- 
rayed  on  both  sides  of  said  first  photodetector  for 
extending  at  right  angles  to  the  track  of  the  disc-  45 
shaped  recording  medium  on  both  sides  of  said 
first  photodetector. 

1  0.  A  photodetector  unit  according  to  claim  9,  where- 
in  said  first  to  fifth  photodetectors  are  arrayed  on  50 
a  common  plane  perpendicular  to  the  optical  axis 
of  the  return  lightfrom  the  disc-shaped  optical  re- 
cording  medium. 

11.  An  optical  head  device  movable  along  the  radius  55 
of  a  disc-shaped  optical  recording  medium  and 
adapted  for  recording  and/or  reproducing  infor- 
mation  signals  on  or  from  the  disc-shaped  optical 

recording  medium  via  a  light  beam,  said  device 
comprising: 

a  light  source  (71); 
a  diffraction  grating  (76)  arranged  on  a 

light  path  of  a  light  radiated  from  said  light  source 
and  adapted  for  splitting  a  light  beam  radiated 
from  said  light  source  into  at  least  three  light 
beams; 

an  objective  lens  (26)  for  converging  the 
10  light  beams  radiated  from  the  light  source  and 

transmitted  through  said  diffraction  grating  on  a 
signal  recording  surface  of  said  disc-shaped  opt- 
ical  recording  medium; 

driving  means  (27,  28)  for  driving  said  ob- 
15  jective  lens  along  the  direction  parallel  to  its  opt- 

ical  axis  and  within  a  plane  perpendicular  to  said 
optical  axis; 

a  beam  splitter  (77)  for  splitting  a  light 
beam  incident  via  said  objective  lens  from  the 

20  light  beam  radiated  from  said  light  source, 
photodetector  means  (73)  having:  a  first 

photodetector  (81)  having  a  light-receiving  sur- 
face  divided  by  two  boundary  lines  into  four  sec- 
tions;  second  and  third  photodetectors  (I,  J)  ar- 

25  rayed  in  a  direction  parallel  to  one  of  said  bound- 
ary  lines  on  both  sides  of  said  first  photodetector; 
and  fourth  and  fifth  photodetectors  (E,  F)  ar- 
rayed  in  a  direction  perpendicular  to  said  one  of 
said  boundary  lines  on  both  sides  of  said  first 

30  photodetector; 
a  splitting  optical  element  (78)  arranged 

between  said  photodetector  means  and  said 
beam  splitter  on  an  optical  axis  of  a  light  beam  in- 
cident  thereon  via  said  objective  lens,  said  split- 

35  ting  optical  element  splitting  each  of  the  three 
light  beam  from  said  diffraction  grating  into  three 
light  beams;  and 

a  focusing  error  detection  optical  element 
(80)  arranged  between  said  photodetector 

40  means  and  said  beam  splitter  on  an  optical  axis 
of  a  light  beam  incident  thereon  via  said  objective 
lens,  said  focusing  detection  optical  element 
causing  changes  in  the  shape  of  a  spot  on  the 
light  receiving  surface  of  said  first  photodetector 

45  in  accordance  with  displacement  of  the  disc- 
shaped  optical  recording  medium  in  a  direction 
perpendicular  to  the  in-plane  direction  of  the 
disc-shaped  optical  recording  medium. 

50  12.  A  optical  head  device  according  to  claim  11, 
wherein  said  first  to  fifth  photodetectors  are  ar- 
rayed  on  a  single  plane  perpendicular  to  the  opt- 
ical  axis  of  the  return  light  from  the  disc-shaped 
optical  recording  medium. 

15 
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