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@  Optical  pick-up  device. 
©  An  optical  pick-up  device  includes  a  light  source  (1)  for 
irradiating  a  recording  medium  (4)  to  record  and/or  reproduce 
information,  an  objective  lens  (3)  for  condensing  beams  of  the 
light  which  are  reflected  or  transmitted  by  the  recording 
medium,  an  optical  member  (2),  such  as  a  parallel  plane  plate, 
or  a  diffraction  grating,  for  imposing  a  diffraction  pattern  upon the  condensed  light,  and  a  photo  detector  (5)  for  detecting  the 
presence  and  amount  of  the  patterned  light  in  each  of  a  plurality 
of  regions  (D1-D4).  The  regions  on  the  photo  detector 
correspond  to  those  created  by  lines  (510,520)  curved  in 
accordance  with  a  comatic  aberration  of  the  optical  member.  In 
particular,  the  curved  lines  correspond  to  the  projection  of  first 
and  second  rectilinear  lines  through  the  objective  lens  and  the 
optical  member  onto  the  photo  detector.  The  first  rectilinear  line 
is  parallel  to  a  track  on  the  recording  medium,  and  the  second 
rectilinear  line  is  perpendicular  to  the  track. 
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Description 

OPTICAL  PICK-UP  DEVICE 

which  the  objective  lens  3  serves  to  condense  the 
Oth-dimensional  diffraction  light  and  positive/nega- 
tive  (±)  dimensional  diffraction  light  (created  by  the 
plate  2)  in  FIG.  4. 

An  exemplary  distribution  of  light  on  the  photo 
detector  5  in  the  case  of  densely  arranged  tracks 
(narrow  track  pitch)  is  depicted  in  FIG.  5(a).  For 
sparsely  arranged  tracks  (wide  pitch),  exemplary 
distributions  are  shown  in  FIGS.  5(b)-5(d),  in  order 
of  increasing  track  pitch.  The  first  curved  line  61  has 
(-)  primary  diffraction  light  and  Oth-dimensional  light 
to  its  left,  where  the  line  61  is  concave.  The  second 
curved  line  62  has  (  +  )  primary  diffraction  light  and 
Oth-dimensional  light  to  its  right,  where  the  line  62  is 
concave.  In  the  area  of  Fig.  4  between  the  convex 
portions  of  the  curved  lines  61  and  62,  there  is 
Oth-dimensional  light.  It  can  be  observed  from  the 
Figures  that  the  distribution  curve  of  the  (  ±  )  primary 
diffraction  light  is  not  symmetric  with  respect  to  the 
rectilinear  dividing  line  51  and  overlapped  the  line  51 
as  the  track  pitch  increases  (Figs.  5(b)-5(d).  To  aid  in 
understanding  the  diffraction  pattern  on  the  photo 
detectors,  FIGS.  6(a)-6(d)  respectively  show  the 
distribution  curve  and  the  dividing  lines  51,  52  on  the 
photo  detector  5  in  FIGS.  5(a)-5(d)  projected  from 
the  photo  detector  onto  the  objective  lens  3  through 
the  plate  2. 

An  example  of  tracking  control  using  the  diffrac- 
tion  pattern  of  FIGS.  5(b)  and  6(b)  will  now  be 
explained.  In  FIGS  5(b)  and  6(b),  a  quantity  (Di  + 
D2)  of  the  (-)  primary  diffraction  light  in  the  regions 
D1  and  D2  is  equal  to  a  quantity  (D3  +  D4)  ofthe(-t-) 
primary  diffraction  light  in  the  regions  D3  and  D4.  The 
quantity  of  Oth-dimensional  diffraction  light  in  the 
regions  D1  and  D2  (D1  +  D2)  is  greater  than  that  in 
the  regions  D3  and  D4  (D3  +  D4).  As  a  result,  even 
when  adequate  tracking  of  the  spot  light  on  the 
disc  4  is  performed  (that  is,  when  the  quantities  of 
rays  of  ±  primary  diffraction  light  are  equal  to  each 
other),  the  Oth-dimensional  diffraction  light  and  the 
(±)  primary  diffraction  light  are  synthesized, 
whereby  the  generated  tracking  error  signal  does 
not  become  zero  (i.e.  (D1  +  D2)  -  (D3  +  D4)  =£  0). 
Therefore,  if  the  objective  lens  3  is  tracking-con- 
trolled  using  the  tracking  error  signal,  the  spot  light 
(information  detecting  point)  will  respond  to  the 
tracking  error  signal  by  moving  farther  away  from  the 
track  on  which  it  is  intended  to  be  directed.  To 
compensate  for  this  problem,  it  has  been  proposed 
to  add  an  offset  amount  to  a  sum  of  one  group  of 
outputs  (e.g.,  D3  +  D4).  An  amount  of  the  offset  is, 
however,  dependent  on  the  track  pitch  and  a 
reflection  rate  of  the  disc  4.  Hence,  it  is  difficult  to 
effect  an  adequate  offset  adjustment  if  there  is  some 
variance  in  the  track  pitch  and/or  reflection  rate. 

When  searching  a  predetermined  trach,  the  spot 
light  (the  information  detecting  point)  traverses  the 
track.  At  this  time,  an  imbalance  takes  place  in  the 
(±)  primary  diffraction  light:  one  (e.g.  (  +  ))  is  bright, 
whereas  the  other  (e.g.  (-))  is  dark.  The  distribution 
of  (-)  primary  diffraction  light  in  the  region  D1  is  wider 

The  present  invention  relates  to  an  optical  pick-up 
device  suitable  for  use  with  an  apparatus  such  as  an 
optical  disc  player,  a  compact  disc  player  or  an  5 
optical  video  disc  player. 

FIG.  1  shows  a  block  diagram  of  a  conventional 
optical  pick-up  device  used  in  an  optical  disc 
system.  Rays  of  divergent  light,  i.e.,  laser  beams, 
emerging  from  a  light  source  1  such  as  a  semicon-  10 
ductor  laser  or  the  like  are  reflected  by  a  surface  of  a 
parallel  plane  plate  2  and 
thereafter  strike  an  objective  lens  3.  The  objective 
lens  converges  the  light  incident  thereto  and 
irradiates  a  disc  4  (recording  medium)  with  the  15 
converged  light. 

the  rays  of  divergent  light  reflected  from  the  disc  4 
are  condensed  by  the  objective  lens  3.  The  rays  then 
pass  through  the  plane  2  and  are  converged  on  a 
photo  detector  5.  The  plate  2,  e.g.,  an  optical  20 
member  formed  with  a  glass  plate,  is  disposed  in  the 
middle  of  a  light  path  leading  to  the  photo  detector  5, 
and  hence  astigmatism  is  created  in  the  light 
incident  upon  the  photo  detector. 

The  photo  detector  5  is,  as  depicted  in  FIGS  25 
2(a)-2(c)  divided  into  four  regions  d  to  D4  by  first 
and  second  rectilinear  lines  51  and  52,  respectively. 
The  line  51  is  drawn  parallel  to  a  track  on  the  disc  4 
and  the  line  52  is  perpendicular  to  the  line  51.  When 
the  light  is  properly  focused  on  the  disc  4,  the  spot  30 
light  incident  on  the  photo  detector  5  assumes  a 
substantially  circular  configuration,  as  illustrated  in 
FIG.  2(b).  In  contrast,  if  the  disc  4  is  spaced  farther 
away  from  the  objective  lens  3  or  closer  thereto  than 
the  focal  distance,  the  spot  light  assumes  a  35 
substantially  vertically  of  laterally  elongated  elliptical 
shape  as  shown  in  FIGS  2(a)  and  2(c),  respectively. 
This  phenomenon  enables  focussing  and  tracking 
errors  to  be  corrected  using  a  so-called  astigmatism 
method  and  a  so-called  push-pull  method.  In  the  40 
astigmatism  method,  a  focus  error  signal  is  gener- 
ated  based  on  a  difference  between  a  first  sum  of 
outputs  of  the  regions  D1  and  D3  and  a  second  sum 
of  outputs  of  the  regions  D2  and  D4.  In  the  push-pull 
method,  a  tracking  error  signal  can  also  be  produced  45 
based  on  a  difference  between  a  third  sum  of 
outputs  of  the  regions  D1  and  D2  and  a  fourth  sum  of 
outputs  of  the  regions  D3  and  D  4. 

the  above  description  and  methods  are  valid  when 
based  on  the  assumption  that  ideally  only  an  50 
astigmatism  is  created  by  the  plate  2.  However,  the 
plate  2  also  causes  a  coma  aberration.  Conse- 
quently,  the  spot  light  on  the  photo  detector  5  in  a 
well-focused  state  really  assumes  a  substantially 
trapezoidal  shape  (FIG.  4)  rather  than  a  circular  55 
shape.  FIG.  4  illustrates  a  situation  where  the  light 
from  the  spot  light  which  is  incident  on  the  disc  4  (at 
"an  information  detecting  point")  is  projected  (light 
beam  tracking)  on  the  photo  detector  5  through  the 
objective  lens  3  and  the  plate  2  which  cause  a  coma  60 
aberration  and  an  astigmatism.  The  light  with  which 
the  disc  4  is  irradiated  is,  as  illustrated  in  FIG.  3, 
diffracted  by  a  track  (e.g.  a  pit  thereof)  on  the  disk, 
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than  in  the  region  D2.  Similarly,  the  distribution  of 
(  +  )  primary  diffraction  light  in  the  region  D4  is  wider 
than  in  the  region  D3.  Consequently,  the  (-)  primary 
diffraction  light  becomes  dark,  whereas  the  (  +  ) 
primary  diffraction  light  becomes  bright.  In  this  case, 
the  sum  of  outputs  of  the  regions  D1  and  D3 
decreases,  while  the  sum  of  outputs  of  the  regions 
D2  and  D4  increases.  Therefore,  the  information 
detecting  point  traverses  the  track.  It  follows  that  an 
offset  component  is  produced  in  the  focus  error 
signal. 

As  explained  above,  it  is  difficult  to  properly 
determine  the  tracking  error  signal  and  the  focus 
error  signal  because  of  the  comatic  aberration  in  the 
conventional  devices.  To  cope  with  this  difficulty,  as 
illustrated  in  FIG.  7,  the  conventional  device  is 
arranged  such  that  another  parallel  plane  plate  6  (or 
a  cylindrical  lens)  is  disposed  facing  in  an  opposite 
direction  to  the  plate  2  to  correct  the  comatic 
aberration  thereof.  This  arrangement,  however, 
requires  increasing  the  number  of  parts,  conse- 
quently  increasing  the  cost,  complexity  and  size  of 
the  device. 

An  optical  pick-up  device  according  to  the 
present  invention  includes  a  light  source  for  emitting 
light  with  which  a  recording  medium  is  irradiated  for 
the  purpose  of  recording  and/or  reproducing  infor- 
mation  and  an  objective  lens  for  condensing  beams 
of  light  reflected  by  the  recording  medium.  The 
device  also  includes  a  photo  detector  for  detecting 
the  beams  of  light  passing  through  the  objective 
lens,  and  an  optical  member  (such  as  a  parallel  plane 
plate),  disposed  in  the  middle  of  a  light  path  from  the 
lens  to  the  photo  detector.  In  the  device,  the  photo 
detector  is  divided  into  a  plurality  of  region  in 
accordance  with  curved  lines,  which  are  projections 
onto  the  photo  detector,  through  the  objective  lens 
and  the  optical  member,  of  first  and  second 
rectilinear  lines  which  are  parallel  and  perpendicular 
to  a  track  on  the  recording  medium,  respectively. 

The  recording  medium  of  the  disk  is  irradiated  with 
the  light  emitted  from  the  light  source.  The  objective 
lens  serves  to  condense  rays  of  light  which  are  being 
transmitted  to  the  recording  medium  or  have  been 
reflected  by  this  medium.  The  thus  condensed  light 
is  detected  by  the  photo  detector  through  the 
optical  member.  The  photo  detector  is  divided  by  the 
first  and  second  curved  lines  as  defined  above. 
Consequently,  the  function  as  that  in  an  ideal  case 
where  there  is  no  coma  aberration  is  provided  even 
when  there  is  a  comatic  aberration  (in  the  light 
incident  on  the  photo  detector)  caused  by  the 
optical  member  in  the  inventive  device, 

in  the  accompanying  drawings  :- 
FIG.  1  is  a  block  diagram  of  a  conventional 

optical  pick-up  device; 
FIGS.  2(a)-2(c)  are  plan  views  of  the  photo 

detector  in  the  device  of  FIG.  1  ; 
FIG.  3  is  a  side  view  illustrating  diffraction 

from  a  track  or  a  recording  medium  ; 
FIGS.  4  and  5(a)-5(d)  are  plan  views  each 

illustrating  the  photo  detector  of  FIG  1  ; 
FIGS.  6(a)-6(d)  are  explanatory  views  show- 

ing  a  case  where  the  photo  detector  is 
projected  on  an  objective  lens  of  the  device; 

FIG.  7  is  a  block  diagram  illustrating  a 
modification  to  the  device  of  FIG.  1  ; 

FIGS.  8  and  9(a)-9(d)  are  plan  views  each 
illustrating  a  photo  detector  of  an  optical 

5  pick-up  device  according  to  the  present  inven- 
tion;  and 

FIGS.  10(a)-10(d)  are  explanatory  views 
showing  a  case  where  the  photo  detector 
according  to  the  invention  is  projected  on  an 

10  objective  lens. 
An  optical  pick-up  device  according  to  the 

present  invention  can  be  constructed  the  same  as 
the  conventional  device  shown  in  FIG.  1  ;  however, 
the  way  in  which  the  light-receiving  surface  of  the 

15  photo  detector  is  divided  is  different. 
FIG.8  shows  a  photo  detector  50  according  to  the 

present  invention  (in  lieu  of  the  photo  detector  5  of 
FIG.  1).  The  photo  detector  50  is  divided  into  four 
regions  D1  through  D4  by  dividing  lines  510  and  520. 

20  The  dividing  line  510  is  defined  as  the  curved  line 
which  is  formed  or  projected  (in  light  beam  tracking) 
on  the  photo  detector  50  from  a  rectilinear  line 
parallel  to  a  track  on  the  disc  4  which  first  passes 
through  the  objective  lens  3  and  the  parallel  plane 

25  plate  2.  The  dividing  line  520  is  defined  as  the  curved 
line  formed  or  projected  on  the  photo  detector  50 
from  a  rectilinear  line  perpendicular  to  the  track  on 
the  disc  4.  A  line  that  is  rectilinear  on  the  disc  4 
becomes  curved  after  being  projected  on  the  photo 

30  detector  because  the  plate  2  causes  a  coma 
aberration.  The  curved  lines  510,  520  thus  corre- 
spond  to  the  rectilinear  lines  as  they  would  appear 
on  the  photo  detector  due  to  the  comatic  aberration. 

As  in  FIGS.  5(a)-5(d),  FIGS.  9(a)-9(d)  respectively 
35  show  four  variations  in  the  distribution  curve  of  (  +  ) 

primary  diffraction  light  which  correspond  to  vari- 
ations  of  the  track  pitch  of  the  disc  4.  In  particular, 
FIG.  9(a)  illustrates  a  case  in  which  the  track  pitch  is 
narrow,  while  FIGS.  9(b)  and  9(d)  each  depict  cases 

40  where  the  track  pitch  is  wide. 
As  in  FIGS.  6(a)-6(d),  FIGS.  10(a)-10(d)  each 

show  a  situation  where  the  individual  distribution 
depicted  in  FIGS.  9(a)-9(d)  varies  when  projecting 
the  curved  lines  on  the  objective  lens  3  through  the 

45  plate  2.  As  is  evident  from  FIGS.  10(a)-10(d), 
regardless  of  track  pitch,  the  quantities  of  (  +  ) 
primary  diffraction  light  in  each  of  the  regions  D1  to 
D4  equal.  In  addition,  each  of  the  quantities  of  rays  of 
Oth-dimensional  diffraction  light  are  equal.  Even 

50  when  the  reflection  rate  of  the  disc  4  varies,  its 
resultant  influences  are  equally  distributed  in  the 
respective  regions  D1  to  D4.  Hence,  even  if  there  are 
variations  in  track  pitch  and/or  reflection  rate,  no 
offset  is  produced  in  the  tracking  error  signal.  In 

55  addition,  when  the  spot  light  traverses  the  track,  the 
output  of  the  region  D1  is  equal  to  that  of  the  region 
D2,  and  similarly  the  outputs  of  the  region  D3  and  D4 
are  equal.  Consequently,  there  is  no  offset  in  the 
focus  error  signal. 

60  With  the  invention,  focus  servo  and  tracking  servo 
based  on  the  astigmatism  and  push-pull  methods 
can  accurately  be  performed,  without  using  an  offset 
amount  and  in  spite  of  a  comatic  aberration. 

It  should  be  noted  that  while  the  invention  has 
65  been  described  with  respect  to  an  optical  disk 
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7.  A  device  according  to  any  one  of  the 
preceding  claims,  wherein  the  lines  (510,520) 
comprise  first  and  second  curved  lines  corre- 
sponding  to  the  projection  of  first  and  second 
rectilinear  lines  through  the  means  for  conden- 
sing  (3)  and  the  optical  member  (2)  onto  the 
photosensitive  means  (5). 

8.  A  device  according  to  claim  7,  wherein  the 
first  and  second  rectilinear  lines  are  parallel  to 
and  perpendicular  to  a  track,  respectively,  of  a 
recording  medium  with  which  the  device  is,  in 
use,  to  be  used. 

9.  An  optical  pick-up  device,  comprising 
means  (1  )  for  irradiating  a  recording  medium  (4) 
with  light  for  recording  and/or  reproducing 
information;  means  (3)  for  condensing  the  light 
which  is  reflected  and/or  transmitted  by  the 
recording  medium;  an  optical  member  (2)  for 
receiving  the  condensed  light,  and  for  imposing 
a  detectable  pattern  on  the  light,  the  light  from 
the  optical  member  having  a  comatic  aberra- 
tion;  and  photosensitive  means  (5),  divided  into 
a  plurality  of  regions  (D1-D4)  for  receiving  the 
light  from  the  optical  member,  and  for  detecting 
the  light  in  the  regions;  characterised  in  that  the 
regions  are  determined  by  lines  curved  in 
accordance  with  lines  parallel  and/or  vertical 
relative  to  a  track  on  the  recording  medium,  the 
parallel  and/or  vertical  lines  having  been  passed 
through  the  optical  member  and  projected  onto 
the  photosensitive  means. 

system  in  which  the  photo  detector  detects  light 
reflected  by  the  disk,  the  invention  is  equally 
applicable  to  a  transmissive-type  optical  disc  sys- 
tem. 

As  described  above,  the  optical  pick-up  device 
according  to  the  present  invention  includes:  a  light 
source  for  emitting  light  with  which  a  recording 
medium  is  irradiated  to  record  and  reproduce 
information;  an  objective  lens  for  condensing  beams 
of  light  passing  through  the  recording  medium;  an 
optical  member  for  diffracting  the  condensed 
beams;  and  a  photo  detector  for  detecting  the 
diffracted  beams.  The  photo  detector  according  to 
the  present  invention  is  divided  into  a  plurality  of 
regions  in  accordance  with  curved  lines,  projected 
on  the  photo  detector  through  the  objective  lens  and 
the  optical  member,  into  which  respective  rectilinear 
lines  which  are  parallel  and  perpendicular  to  a  track 
on  the  recording  medium  are  changed  due  to 
comatic  aberration  of  the  optical  member.  With  this 
arrangement,  it  is  possible  to  completely  or  virtually 
completely  correct  the  comatic  aberration  of  the 
optical  member  without  using  any  other  optical  parts 
and  thereby  decrease  both  the  size  and  cost  of  the 
device. 

10 

15 

20 

25 

Claims 
30 

1.  An  optical  pick-up  device  comprising 
means  (1  )  for  irradiating  a  recording  medium  (4) 
with  light  for  recording  and/or  reproducing 
information;  means  (3)  for  condensing  the  light 
which  is  reflected  and/or  transmitted  by  the 
recording  medium;  an  optical  member  (2)  for 
receiving  the  condensed  light,  and  for  imposing 
a  detectable  pattern  on  the  light,  the  light  from 
the  optical  member  having  a  comatic  aberra- 
tion;  and  photosensitive  means  (5)  divided  into 
a  plurality  of  regions  (D1-D4),  for  receiving  the 
light  from  the  optical  member,  and  for  detecting 
the  light  in  the  regions;  characterised  in  that  the 
regions  are  based  on  lines  (510,520)  curved  in 
accordance  with  the  comatic  aberration. 

2.  A  device  according  to  claim  1,  further 
comprising  means  for  performing  focussing 
and  tracking  of  the  light  irradiating  the  recor- 
ding  medium  produced  by  the  irradiating  means 
based  on  relative  amounts  of  light  detected  in 
the  regions  (D1-D4)  by  the  photosensitive 
means  (5). 

3.  A  device  according  to  claim  1  or  claim  2, 
wherein  the  photosensitive  means  comprises  a 
photo  detector  (5). 

4.  A  device  according  to  any  one  of  the 
preceding  claims,  wherein  the  optical  member 
comprises  a  parallel  plane  plate  (2). 

5.  A  device  according  to  any  one  of  the 
preceding  claims,  wherein  the  means  for  con- 
densing  comprises  an  objective  lens  (3). 

6.  A  device  according  to  any  one  of  the 
preceding  claims,  wherein  the  photosensitive 
means  is  divided  into  four  regions  (D1-D4). 
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