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Description 

This  invention  relates  to  a  device  for  performing 
focus  search  smoothly  in  an  optical  type  disc  play- 
back  device  adapted  for  playing  back  discs  such  as 
a  video  disc  and  a  digital  audio  disc. 

For  optically  picking  up  information  recorded  on  a 
disc  in  an  optical  type  disc  playback  device,  an  ob- 
ject  lens  of  an  optical  pickup  head  is  displaced  in  a 
vertical  direction  to  conform  to  variations  in  the  dis- 
tance  between  the  object  lens  and  the  surface  of 
the  disc  so  that  a  laser  beam  for  detecting  the  re- 
corded  information  will  accurately  focus  on  the  disc 
surface.  This  control  operation  will  hereinafter  be 
referred  to  as  "focus  servo". 

Since  this  focus  servo  has  a  limited  operation 
range  in  which  the  focus  servo  control  can  be 
made,  if  the  object  lens  is  out  of  this  operation 
range,  the  focus  servo  is  temporarily  suspended 
and  the  object  lens  is  pulled  back  to  a  reference  po- 
sition,  for  example,  the  lowermost  position.  Then, 
the  object  lens  is  compulsorily  moved  slowly  to  enter 
the  operation  range.  This  operation  will  hereinafter 
be  referred  to  as  "focus  search".  Fig.  1  shows  an 
example  of  a  prior  art  focus  search  circuit. 

In  Fig.  1  ,  laser  beam  1  1  is  irradiated  on  an  optical 
disc  16  from  a  laser  beam  source  13  in  an  optical 
pickup  head  14  through  an  object  lens  12.  The  re- 
flected  laser  beam  is  received  by  a  focus  error  de- 
tection  circuit  18  provided  in  the  optical  pickup  head 
14  through  the  object  lens  12  and  a  focusing  error 
thereby  is  detected. 

If  the  focusing  error  is  within  the  focus  servo 
range,  a  drive  signal  corresponding  to  the  focusing 
error  is  applied  to  a  focusing  coil  22  by  a  focus  ser- 
vo  control  circuit  20  thereby  to  drive  the  focus  ser- 
vo. 

If  the  focusing  error  is  out  of  the  focus  servo 
range,  the  focus  servo  is  temporarily  switched  off 
by  a  focus  control  circuit  24.  Thereupon,  the  object 
lens  12  is  pulled  back  to  a  reference  position  (e.g., 
the  lowermost  position).  By  producing,  in  this  state, 
a  ramp  voltage  which  gradually  increases  in  its  level 
and  has,  for  example,  a  period  of  several  seconds 
by  the  focus  control  circuit  24  and  supplying  this 
ramp  wave  to  the  focusing  coil  22  as  a  drive  signal, 
the  object  lens  12  is  moved  slowly  in  a  direction  per- 
pendicular  to  the  disc  surface.  At  this  time,  the  fo- 
cusing  state  is  watched  to  restore  the  focus  servo 
at  a  point  near  focus. 

In  driving  the  focusing  coil  22  by  the  ramp  volt- 
age,  however,  the  speed  of  moving  of  the  object 
lens  12  depends  largely  on  states  of  friction  of  a 
shaft  and  a  bearing  supporting  the  object  lens  12. 
Coefficients  of  friction  of  these  portions  vary  de- 
pending  upon  factors  such  as  roughness  of  the  sur- 
faces,  accuracy  in  dimensions,  physical  properties 
of  the  material  used  of  the  shaft  and  bearing  and  en- 
vironment  in  which  they  are  placed.  When,  in  partic- 
ular,  the  object  lens  has  stopped  for  a  brief  moment 
during  its  movement,  a  stick  slip  (i.e.,  a  state  in 
which  the  object  lens  moves  irregularly,  being  re- 
peatedly  caught  by  the  bearing)  tends  to  occur  due 
to  difference  between  a  dynamic  coefficients  of 
friction  and  a  static  coefficient  of  friction  of  the 

shaft  and  the  bearing.  For  overcoming  this  problem, 
it  has  been  attempted  to  employ  a  shaft  coated  with 
a  coating  containing  fluorine  as  the  shaft  of  the  ob- 
ject  lens.  This  approach  has  however  proved  costly 

5  and  moreover  inadequate  to  totally  eliminate  the 
problem. 

It  is,  therefore,  an  object  of  the  invention  to  pro- 
vide  a  focus  search  device  capable  of  moving  the 
object  lens  smoothly  during  focus  search. 

10  For  achieving  the  object  of  the  invention,  there  is 
provided  a  focus  search  device  comprising  an  opti- 
cal  system  for  reading  a  signal  of  an  optical  type 
disc,  said  optical  system  including  a  sliding  portion, 
optical  system  moving  means  for  moving  the  optical 

15  system  compulsorily  in  a  focusing  direction  to  a  fo- 
cus  servo  range,  said  focus  search  device  being 
characterised  by  vibration  imparting  means  for  im- 
parting  vibration  to  the  sliding  portion  of  the  optical 
system  while  the  optical  system  is  being  compulsori- 

20  ly  moved. 
By  the  provision  of  the  means  for  imparting  vibra- 

tion  to  the  sliding  portion  of  the  optical  system  such 
as  an  objective  lens  during  focus  search,  the  shaft 
and  bearing  supporting  the  optical  system  is  always 

25  put  in  a  vibrating  state  with  the  result  that  the  move- 
ment  of  the  optical  system  is  facilitated  and  a 
smooth  focus  search  can  be  realized  without  caus- 
ing  the  stick  slip. 

In  the  accompanying  drawings, 
30 

Fig.  1  is  a  block  diagram  showing  an  example  of  a 
prior  art  focus  search  circuit; 

Fig;.  2  is  a  block  diagram  showing  an  embodiment 
of  the  focus  search  device  of  the  present  inven- 

35  tion; 
Fig.  3  is  an  exploded  perspective  view  of  an  ex- 

ample  of  an  optical  pickup  head  employed  in  the  em- 
bodiment  of  the  invention; 

Fig.  4  is  a  cross  sectional  view  of  the  optical 
40  pickup  head  of  Fig.  3  shown  in  an  assembled  state; 

and 
Fig.  5  is  a  sectional  view  taken  along  lines  A  -  A 

of  Fig.  4. 

45  Referring  first  to  Fig.  3,  an  example  of  an  optical 
pickup  head  used  in  the  present  embodiment  of  the 
invention  will  be  described. 

In  a  coil  bobbin  1  0,  there  is  provided  a  slide  shaft 
insertion  sleeve  42  along  an  axis  of  rotation  £  of  the 

50  coil  bobbin  10.  On  the  upper  surface  of  the  coil  bob- 
bin  10  is  mounted  an  object  lens  12  in  a  location  off- 
set  from  the  axis  of  rotation  £  .  A  focusing  coil  22  is 
wound  on  the  outer  peripheral  surface  of  the  coil 
bobbin  10  in  its  circumferential  direction.  Four 

55  square  tracking  coils  26,  28,  30  and  32  are  provid- 
ed  at  an  equal  interval  therebetween  on  the  outer 
peripheral  surface  of  the  focusing  coil  22.  The  coil 
bobbin  1  0  is  formed  on  the  upper  portion  of  its  outer 
peripheral  surface  with  a  damper  mounting  projec- 

60  tion  44  and  a  damper  46  is  mounted  to  the  coil  bob- 
bin  10  by  inserting  the  damper  mounting  projection 
44  fittingly  in  an  opening  formed  in  the  damper  46. 
The  damper  46  made,  for  example,  of  polyurethane, 
is  provided  for  defining  a  reference  position  of  the 

65  coil  bobbin  10  in  the  vertical  and  circumferential  di- X  
* 
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According  to  the  above  described  construction, 
by  causing  electric  current  to  flow  through  the 
tracking  coils  26,  28,  30  and  32,  the  coil  bobbin  10  is 
rotated  on  the  slide  pin  18  to  a  position  in  which  the 

5  driving  force  by  these  tracking  coils  is  balanced 
with  the  restoring  force  of  the  damper  46  whereby 
the  tracking  control  is  performed.  The  amount  of  ro- 
tation  of  the  coil  bobbin  10  in  the  tracking  control 
varies  with  the  magnitude  of  electric  current.  The 

10  coil  bobbin  10  is  rotated  in  the  reverse  direction  if 
the  direction  of  electric  current  is  reversed.  When 
electric  current  is  stopped,  the  coil  bobbin  10  is  re- 
stored  to  the  reference  position  by  the  damper  46. 

By  causing  electric  current  to  flow  through  the 
15  focusing  coil  22,  the  coil  bobbin  10  slides  in  the  verti- 

cal  direction  along  the  slide  pin  18  to  a  position  in 
which  the  driving  force  of  the  focusing  coil  22  is  bal- 
anced  with  the  restoring  force  of  the  damper  46  so 
that  the  object  lens  12  is  displaced  upwardly  or 

20  downwardly  and  the  focus  control  thereby  is  per- 
formed.  The  amount  of  the  slide  of  the  coil  bobbin  10 
in  the  focus  control  varies  with  the  magnitude  of 
electric  current.  If  the  direction  of  electric  current 
is  reversed,  the  coil  bobbin  10  is  driven  in  the  re- 

25  verse  direction.  When  electic  current  is  stopped, 
the  coil  bobbin  10  is  restored  to  the  reference  posi- 
tion  by  the  damper  46. 

In  the  above  described  construction,  stick  slip 
tends  to  occur  when  the  slide  pin  18  slides  vertically 

30  in  the  sleeve  42. 
Fig.  2  shows  an  embodiment  of  the  focus  search 

device  according  to  the  present  invention  employ- 
ing  the  above  described  optical  pickup  head  14. 

In  Fig.  2,  the  optical  disc  16  is  rotated  by  a  disc 
35  motor  60.  The  optical  pickup  head  14  irradiates  the 

laser  beam  1  1  consisting  of  a  main  beam  and  a  sub- 
beam  on  the  surface  of  the  optical  disc  16  on  which 
signals  are  recorded  through  the  object  lens  12  and 
receives  reflected  laser  beam  through  the  object 

40  lens  12.  In  this  embodiment,  three  beam  (three  spot) 
system  of  tracking  and  focus  servo  control  is  uti- 
lized. 

Signals  on  each  diagonal  of  four-split  of  the  re- 
ceived  laser  beam  (main  beam)  are  added  together 

45  and  these  added  signals  are  amplified  by  amplifiers 
62  and  64  and  thereafter  are  added  together  by  an 
adder  66  to  produce  a  HF  signal.  This  HF  signal  is 
applied  to  a  signal  processing  circuit  67  in  which  re- 
production  of  the  picked  up  signals  is  effected.  On 

50  the  other  hand,  the  added  signals  on  the  respective 
diagonals  are  applied  to  a  subtracter  68  from  which 
difference  between  these  added  signals  is  provided 
as  a  focus  error  signal.  This  focus  error  signal  is 
supplied  to  a  control  circuit  72  through  a  focus  er- 

55  ror  detection  circuit  70.  When  the  focus  error  sig- 
nal  is  being  applied  to  the  control  circuit  72  (i.e., 
when  the  optical  system  is  within  the  focus  servo 
range),  the  control  circuit  72  performs  the  focus 
servo  in  such  a  manner  that  a  signal  corresponding 

60  to  the  focus  error  is  supplied  to  the  focusing  coil  22 
(Fig.  3)  through  an  amplifier  74  thereby  effecting 
the  focusing  control.  When  the  focus  error  signal  is 
not  applied  to  the  control  circuit  72  (i.e.,  when  the 
optical  system  is  out  of  the  focus  servo  range),  the 

65  control  circuit  72  switches  off  the  focus  servo,  re- 

rections.  In  the  focusing  control  or  tracking  con- 
trol,  the  coil  bobbin  10  is  positioned  in  a  position 
where  driving  force  of  the  focusing  coil  22  or  the 
tracking  coils  26,  28,  30  and  32  and  restoring  force 
of  the  damper  46  are  balanced  with  each  other.  A 
sleeve  52  for  supporting  the  damper  46  against  a 
base  48  is  secured  downwardly  to  the  end  portion 
of  the  damper  46. 

The  base  48  constitutes  a  part  of  a  magnetic  cir- 
cuit  and  is  made  of  a  magnetic  substance.  Inner 
yokes  34,  34  and  outer  yokes  36,  36  respectively 
divided  in  two  pieces  are  provided  integrally  on  the 
base  48.  Magnets  35,  35  are  mounted  on  the  inner 
peripheral  surfaces  of  the  outer  yokes  36,  36.  The 
magnets  35,  35  are  magnetized  in  the  direction  of 
thickness  thereof,  i.e.,  radial  direction  of  the  coil 
bobbin  10  and  a  magnetic  gap  33  is  defined  betwen 
the  magnets  35,  35  and  the  inner  yokes  34,  34.  The 
outer  yokes  36,  36  are  formed  longer  in  the  circum- 
ferential  direction  than  the  magnets  35,  35  and  both 
end  portions  of  each  outer  yoke  36  extending  in  the 
circumferential  direction  from  the  circumferential 
edges  of  the  magnet  35  form  extending  portions 
36a,  36a.  In  this  embodiment,  these  extending  por- 
tions  36a,  36a  are  formed  with  projections  54,  54 
which  proximate  the  inner  yokes  34,  34. 

In  the  central  portion  of  the  base  48,  there  is 
erected  a  slide  pin  18  surrounded  by  the  yokes  34, 
34  and  36,  36.  This  slide  pin  18  is  inserted  in  the 
sleeve  42  formed  along  the  rotation  axis  £  of  the 
coil  bobbin  10  and  supports  the  coil  bobbin  10  rotata- 
bly  and  siidably  with  respect  to  the  magnetic  circuit. 

There  is  also  erected  a  damper  shaft  50  on  the 
base  48.  This  damper  shaft  50  is  inserted  in  the 
sleeve  52  secured  to  the  end  portion  of  the  damper 
46  thereby  supporting  the  end  portion  of  the  damp- 
er  46  against  the  base  48. 

Fig.  4  is  a  cross  sectional  view  of  the  optical 
head  of  Fig.  3  in  its  assembled  state.  Fig.  5  is  a  sec- 
tional  view  taken  along  lines  A  -  A  in  Fig.  4.  The  ref- 
erence  position  of  the  coil  bobbin  10  in  the  circum- 
ferential  direction  is  determined  by  the  damper  46  in 
such  a  manner  that  one  sides  26a,  28a,  30a  and  32a 
of  the  tracking  coils  26,  28,  30  and  32  are  located  in 
spaces  across  which  the  inner  yokes  34,  34  are  op- 
posed  to  the  magnets  35,  35  and  the  other  sides 
26b,  28b,  30b  and  32b  are  located  in  spaces  across 
which  the  inner  yokes  34,  34  are  opposed  to  the 
projections  54,  54,  54,  54  of  the  extending  portions 
36a,  36a,  36a,  36a  of  the  outer  yokes  36,  36.  Fur- 
ther,  the  reference  position  of  the  coil  bobbin  10  in 
the  vertical  direction  is  determined  by  the  damper 
46  in  such  a  manner  that  the  lower  edge  of  the  coil 
bobbin  10  is  above  the  base  48  with  a  predetermined 
interval  therebetween.  The  focusing  coil  22  and  the 
tracking  coils  26,  28,  30  and  32  are  provided  in 
such  positions  that  they  are  always  within  the  height 
of  the  magnets,  35,  35  regardless  of  the  vertical 
displacement  of  these  coils. 

Incident  laser  beam  58  for  detecting  signals  is  ir- 
radiated  on  a  disc  16  through  an  opening  48a  formed 
in  the  base  48,  the  coil  bobbin  10  and  the  object  lens 
12  as  shown  in  Fig.  5  and  a  reflected  laser  beam  is 
incident  to  a  photo-sensor  (not  shown)  through  the 
same  path. 



EP  0  209  146  B1 

storing  the  coil  bobbin  10  to  a  reference  position 
once  and  thereafter  moves  the  coil  bobbin  10  gradu- 
ally  in  the  focusing  direction  by  supplying  a  ramp 
voltage  of,  for  example,  a  period  of  several  sec- 
onds  to  the  focusing  coil  22  thereby  performing  the 
focus  search. 

Received  two  subbeam  signals  are  amplified  by 
amplifiers  75  and  76  and  thereafter  applied  to  sub- 
tractor  78  from  which  difference  between  the  two 
signals  is  provided  as  a  tracking  error  signal.  This 
tracking  error  signal  is  applied  to  a  tracking  servo 
control  circuit  80  which  thereupon  supplies  a  signal 
corresponding  to  the  tracking  error  signal  to  the 
tracking  coils  26,  28,  30  and  32  (Fig.  3)  through  an 
amplifier  82  thereby  performing  the  tracking  con- 
trol.  The  tracking  servo  control  circuit  performs  a 
track  jump  operation  upon  receipt  of  a  kick  pulse 
from  the  control  circuit  72. 

While  performing  the  focus  search,  the  control 
circuit  72  brings  the  tracking  servo  into  an  OFF 
state  and  drives  an  oscillator  84  to  apply  an  AC  sig- 
nal  haying  a  frequency  of  about  1  KHz  to  the  track- 
ing  coils  26,  28,  30  and  32  so  as  to  impart  the  coil 
bobbin  10  in  the  optical  system  with  vibration  in  the 
direction  of  rotation  of  the  coil  bobbin  10  about  its 
rotation  axis  £. 

The  focusing  control  by  the  focus  search  circuit 
shown  in  Fig.  2  is  performed  in  the  following  manner. 

When  the  optical  system  is  within  the  focus  servo 
range,  the  focus  servo  is  ON  and  the  focusing  con- 
trol  is  performed  in  response  to  the  focus  error  sig- 
nal.  When  the  optical  system  gets  out  of  the  focus 
servo  range,  the  focus  servo  is  turned  OFF  and 
the  coil  bobbin  10  is  once  restored  to  its  reference 
position  by  the  damper  46  and  thereafter  is  gradual- 
ly  moved  in  the  axial  direction  by  application  of  the 
ramp  voltage.  At  this  time,  the  tracking  servo  is 
OFF  and  the  AC  voltage  from  the  oscillator  84  is 
applied  to  the  tracking  coils  26,  28,  30  and  32  so 
that  the  coil  bobbin  1  0  is  imparted  with  vibration  in 
the  direction  of  rotation  of  the  coil  bobbin  10  about 
its  rotation  axis  £.  This  vibration  facilitates  the  slid- 
ing  movement  of  the  coil  bobbin  1  0  and  thus  the  stick 
slip  between  the  slide  pin  18  and  the  sleeve  42  is 
prevented  and  the  upward  or  downward  movement 
of  the  coil  bobbin  10  caused  by  the  ramp  voltage  is 
smoothly  effected.  The  state  of  focusing  is  watched 
and  the  focus  servo  is  turned  ON  at  a  point  near  fo- 
cus. 

In  the  above  described  embodiment,  the  optical 
pickup  head  shown  in  Figs.  3  through  4  is  employed. 
The  invention  however  is  not  limited  to  this  but  the 
same  advantageous  result  of  the  invention  can  be 
expected  for  a  playback  device  employing  other 
type  of  optical  pickup  head  by  imparting  vibration  to 
a  slide  portion  of  an  object  lens  of  such  optical  pick- 
up  head. 

In  the  above  described  embodiment,  vibration  is 
imparted  in  the  tracking  direction.  Alternatively,  vi- 
bration  may  be  imparted  in  the  focusing  direction  by 
superposing  an  AC  voltage  on  the  ramp  voltage 
used  for  focus  search.  Further,  an  additional  coil 
may  be  provided  for  the  exclusive  purpose  of  im- 
parting  vibration  to  the  slide  portion  of  the  object 
lens. 

Claims 

1.  A  focus  search  device  in  an  optical  type  disc 
playback  device  comprising: 

5  an  optical  system  for  reading  a  signal  of  an  optical 
type  disc,  said  optical  system  including  a  sliding  por- 
tion; 
optical  system  moving  means  for  moving  the  optical 
system  compulsorily  in  a  focusing  direction  to  a  fo- 

10  cus  servo  range;  and  characterised  by 
vibration  imparting  means  for  imparting  vibration  to 
said  sliding  portion  of  the  optical  system  while  the 
optical  system  is  being  compulsorily  moved. 

2.  A  focus  search  device  as  defined  in  claim  1 
15  wherein  said  optical  system  comprises  a  tracking 

actuator  and  said  vibration  imparting  means  applies 
an  AC  signal  to  the  tracking  actuator. 

3.  A  focus  search  device  as  defined  in  claim  2 
wherein  said  AC  signal  is  a  signal  having  a  frequen- 

20  cy  of  about  1  KHz. 
4.  A  focus  search  device  as  defined  in  claim  1 

wherein  said  vibration  imparting  means  superposes 
an  AC  signal  on  a  ramp  voltage  used  for  focus 
search. 

25 
Patentanspruche 

1.  Fokussuchvorrichtung  in  einer  mit  optischen 
Platten.arbeitenden  Wiedergabevorrichtung,  mit 

30  -  einem  ein  Gleitteil  aufweisenden  optischen  System 
zum  Lesen  eines  Signals  einer  optischen  Platte; 
-  Bewegungsmitteln  zum  zwangsweisen  Bewegen 
des  optischen  Systems  in  Fokussierungsrichtung 
auf  einen  Fokus-Servobereich;  und 

35  gekennzeichnet  durch 
eine  Vibrations-Erteilungsvorrichtung,  die  dem 
Gleitteil  des  optischen  Systems  Vibrationen  erteilt, 
wahrend  das  optische  System  zwangsweise  bewegt 
wird. 

40  2.  Fokussuchvorrichtung  nach  Anspruch  1,  bei 
der  das  optische  System  eine  Spurverfolgungsein- 
richtung  umfaBt  und  die  Vibrations-Erteilungsvor- 
richtung  der  Spurverfolgungseinrichtung  ein  Wech- 
selstrom-Signal  zufiihrt. 

45  3.  Fokussuchvorrichtung  nach  Anspruch  2,  bei 
der  das  Wechselstrom-Signal  ein  Signal  mit  einer 
Frequenz  von  etwa  1  kHz  ist. 

4.  Fokussuchvorrichtung  nach  Anspruch  2,  bei 
der  die  Vibrations-Erteilungsvorrichtung  ein  Wech- 

50  selstrom-Signal  einem  zur  Fokussuche  verwende- 
ten  Rampen-Spannung  uberlagert  ist. 

Revendications 

55  1  .  Dispositif  de  recherche  du  point  focal  dans  un 
appareil  de  reproduction  de  disque  du  type  optique 
comprenant: 
un  systeme  optique  de  lecture  d'un  signal  d'un  dis- 
que  de  type  optique,  ledit  systeme  optique  compor- 

60  tant  une  partie  coulissante; 
des  moyens  de  deplacement  du  systeme  optique 
pour  deplacer  le  systeme  optique  de  fagon  obligatoi- 
re  dans  une  direction  de  focalisation  vers  une  plage 
de  servo-focalisation;  et  de  fagon  caracteristique 

65  des  moyens  de  transmission  de  vibrations  pour 

55 
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transmettre  des  vibrations  a  ladite  partie  coulissan- 
te  du  systeme  optique  pendant  que  ledit  systeme  op- 
tique  est  deplace  de  fagon  obligatoire. 

2.  Dispositif  de  recherche  du  point  focal  selon  la 
revendication  1  ,  dans  lequel  le  systeme  optique  com-  5 
prend  un  dispositif  de  commande  de  piste  et  le  dispo- 
sitif  de  transmission  de  vibrations  donne  un  signal 
en  courant  alternatif  au  dispositif  de  commande  de 
piste. 

3.  Dispositif  de  recherche  du  point  focal  selon  la  10 
revendication  2,  dans  lequel  le  signal  en  courant  al- 
ternatif  a  une  frequence  environ  de  1  KHz. 

4.  Dispositif  de  recherche  du  point  focal  selon  la 
revendication  1,  dans  lequel  le  dispositif  de  trans- 
mission  de  vibrations  superpose  un  signal  en  cou-  15 
rant  alternatif  a  une  tension  croissante  utilised  pour 
la  recherche  du  point  focal. 
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