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@  Error  detecting  device  for  optical  head. 

(g)  An  error  detecting  device  for  an  optical  head  detects  a 
focussing  error  and  a  tracking  error.  The  error  detecting  device 
comprises  optical  means  for  converting  a  reflected  light  of  a 
light  irradiating  a  surface  to  be  irradiated  into  an  astigmatic 
pencil  of  rays  having  a  first  focal  point  and  a  second  focal  point, 
said  optical  means  having  a  first  focussing  member  for 
focussing  said  reflected  light  on  said  first  focal  point  of  said 
astigmatic  pencil  of  rays,  and  a  second  focussing  member  for 
focussing  said  reflected  light  on  said  second  focal  point  of  said 
astigmatic  pencil  of  rays,  said  first  and  said  second  focussing 
members  being  made  integral,  and  means  for  detecting  errors 
of  said  light  irradiating  the  surface  to  be  irradiated,  based  on  a 
detecting  signal  of  a  spot  of  said  reflected  light  formed  by  said 
first  focussing  member,  and  a  detecting  signal  of  a  spot  of  said 
reflected  light  formed  by  said  second  focussing  member.  The 
error  detecting  device  can  be  small-sized  and  light,  have  a  small 
astigmatic  difference,  and  is  easy  to  align  optical  elements. 

FIG.  4 
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BACKGROUND  OF  THE  INVENTION  5 

This  invention  relates  to  an  error  detecting  device 
or  an  optical  head  which  detects  a  focussing  error 
md  a  tracking  error. 

Recently,  products  utilizing  the  laser  technique  10 
nave  been  developed  together  with  the  progress  of 
:he  semiconductor  laser.  Presently,  amont  the 
Droducts,  especially  the  optical  disc  has  attracted 
attention.  Among  the  presently  commercially  avail- 
able  optical  discs,  read  only  optical  discs,  such  as  15 
compact  discs  (CD)  and  laser  discs  (LD),  and  write 
Dnce  optical  discs  for  use  in  document  files,  video 
Files,  memories  of  computers,  etc.  have  entered 
practicable  stages.  In  addition,  erasable  optical 
disks  which  can  write,  read  and  erase  information  20 
will  be  soon  commercialized. 

The  optical  head  is  an  essential  member  for 
writing  and  reading  information  in  and  from  optical 
discs.  In  order  to  write  and  read  information  by  an 
optical  head  it  is  necessary  to  control  the  optical  25 
head  so  that  a  beam  of  laser  light  can  correctly 
irradiate  a  desired  track  of  an  information  recording 
medium. 

The  error  detecting  device  for  the  optical  head 
detects  a  focussing  error  and  a  tracking  error  of  a  30 
beam  of  laser  light  irradiating  an  information  recor- 
ding  medium.  Based  on  detecting  signals  of  the 
focussing  error  and  the  tracking  error,  the  optical 
head  is  feedback  controlled. 

In  the  error  detecting  device  for  an  optical  head,  a  35 
focussing  error  and  a  tracking  error  are  detected, 
based  on  a  reflected  light  of  a  beam  of  laser  light 
irradiating  an  optical  disc.  The  reflected  light  for  the 
error  detection  is  formed  by  a  convex  lens  and  a 
cylindrical  lens  into  an  astigmatic  pencil  of  rays,  40 
which  has  astigmatic  wave  fronts.  This  astigmatic 
pencil  of  rays  is  focussed  on  a  quadrant  photo 
detector.  Based  on  the  light  detecting  signals  from 
respective  quarter  sections  of  the  quadrant  photo 
detector,  a  focussing  error  signal  is  produced.  45 

As  described  above,  in  the  conventional  error 
detecting  device,  a  convex  lens  and  a  cylindrical  lens 
are  used  to  form  a  focussing  error  detecting  light 
into  an  astigmatic  pencil  of  rays.  A  consequent 
problem  is  that  the  miniaturization  of  the  error  50 
detecting  device  is  difficult. 

Furthermore,  the  curvature  of  radius  of  the 
cylindrical  lens  has  to  be  large  in  order  to  improve 
the  error  detecting  precision.  Increasing  the  curva- 
ture  of  radius  of  the  cylindrical  lens  results  in  small  55 
production  tolerances  in  eccentricity  of  optical 
elements  and  generatrix  of  the  cylindrical  lens,  high 
cost,  and  the  difficulty  of  alignment  of  the  convex 
lens,  the  cylindrical  lens  and  the  quadrant  photo 
detector.  60 

suiviiviaut  ur  inc  iiMvcmiuiN 

An  object  of  this  invention  is  to  provide  an  error 
detecting  device  for  an  optical  head  which  is 
small-sized  and  light,  has  a  small  astigmatic  dif- 
erence  and  is  easy  to  align  optical  elements. 

This  object  can  be  achieved  by  an  error  detecting 
device  for  an  optical  head,  comprising:  optical 
•neans  for  converting  a  reflected  light  of  a  light 
rradiating  a  surface  to  be  irradiated  into  an  astig- 
matic  pencil  of  rays  having  a  first  focal  point  and  a 
second  focal  point,  said  optical  means  having  a  first 
:ocussing  member  for  focussing  said  reflected  light 
Dn  said  first  focal  point  of  said  astigmatic  pencil  of 
-ays,  and  a  second  focussing  member  for  focussing 
said  reflected  light  on  said  second  focal  point  of  said 
astigmatic  pencil  of  rays,  said  first  and  said  second 
focussing  members  being  made  integral;  and  means 
for  detecting  errors  of  said  light  irradiating  the 
surface  to  be  irradiated,  based  on  a  detecting  signal 
of  a  spot  of  said  reflected  light  formed  by  said  first 
focussing  member,  and  a  detecting  signal  of  a  spot 
of  said  reflected  light  formed  by  said  second 
focussing  member. 

This  invention,  which  has  the  optical  system 
formed  integral,  can  realize  an  error  detecting  device 
which  is  small-sized  and  light,  has  a  small  astigmatic 
difference,  and  is  easy  to  align  optical  elements. 

rig.  1  is  a  view  ot  a  prior  an  opucai  neau, 
Figs.  2(a),  (b)  and  (c)  are  views  of  spots  of 

error  detecting  light  of  the  prior  art; 
Fig.  3  is  a  graph  showing  the  focussing  error 

signal  of  the  prior  art  optical  head; 
Fig.  4  is  a  block  diagram  of  the  error 

detecting  device  for  an  optical  head  according 
to  one  embodiment  of  this  invention; 

Figs.  5(a)  and  (b)  are  a  plan  view  of  the  usual 
Fresnel  zone  plate,  and  a  sectional  view  of  the 
same  along  the  line  a-a'; 

Figs.  6(a)  and  (b)  are  a  plan  view  of  a 
quadrant  Fresnel  zone  plate  used  in  the  error 
detecting  device  for  an  optical  head  of  Fig.  4, 
and  a  sectional  view  of  the  same  along  the  line 
b-b'; 

Figs.  7(a),  (b),  (c)  and  (d)  are  views  of  spots 
of  the  error  detecting  light  of  the  error  detecting 
device  for  an  optical  head  of  Fig.  4; 

Figs.  8(a)  and  (b)  are  a  plan  view  of  one 
modification  of  the  quadrant  Fresnel  zone  plate 
of  Fig.  6,  and  a  sectional  view  of  the  same  along 
the  line  c-c'; 

Figs.  9(a)  and  (b)  are  a  plan  view  of  another 
modification  of  the  quadrant  Fresnel  zone  plate 
of  Fig.  6,  and  a  sectional  view  of  the  same  along 
the  line  d-d'; 

z 
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Figs.  10(a)  and  (b)  are  a  plan  view  of  one 
example  of  a  phase  reversal  type  quadrant 
Fresnel  zone  plate  used  in  the  error  detecting 
device  for  an  optical  head  of  Fig.  4,  and  a 
sectional  view  of  the  same  along  the  line  e-e'  ; 

Figs.  11(a)  and  (b)  are  a  plan  view  of  one 
example  of  a  quadrant  Fresnel  lens  used  in  the 
error  detecting  device  for  an  optical  head  of 
Fig.  4,  and  a  sectional  view  of  the  same  along 
the  line  f-f; 

Figs.  12(a),  (b),  (c)  and  (d)  are  a  perspective 
view,  a  plan  view,  a  side  view,  and  a  front  view  of 
one  example  of  a  quadrant  convex  lens  used  in 
the  error  detectng  device  for  an  optical  head; 
and 

Figs.  13(a),  (b)  and  (c)  are  a  plan  view,  a  side 
view,  and  front  view  of  another  example  of  the 
quadrant  convex  lens. 

DETAILED  DESCRIPTION  OF  THE  INVENTION 

The  error  detecting  device  for  the  prior  art  optical 
head  will  be  explained  with  reference  to  Figs.  1  to  3 
before  this  invention  is  explained. 

The  prior  art  optical  head  is  shown  in  Fig.  1.  A 
beam  of  laser  light  from  a  laser  light  source  1  is 
formed  into  a  parallel  pencil  of  rays  by  a  coliimating 
lens  2  to  irradiate  an  information  recording  medium  5 
via  a  beam  splitter  3  and  an  objective  iens  4.  The 
beam  of  laser  light  to  be  irradiated  is  focussed  by  an 
objective  lens  4  on  the  information  recording 
medium  5.  The  objective  lens  4  is  driven  by  driving 
means  (not  shown)  and  is  feedback  controlled  so  as 
to  focus  constantly  an  irradiated  beam  correctly  on 
the  information  recording  medium  5.  A  reflected  light 
from  the  information  recording  medium  5  passes  the 
objective  lens  4  and  is  splitted  by  the  beam  splitter  3 
to  be  led  to  an  error  detecting  system  which  is  so 
called  "astigmatic  difference  method"  or  "astigmat- 
ism  method". 

A  focussing  error  detecting  light  split  from  the 
reflected  light  by  the  beam  splitter  3  is  incident  on  a 
quadrant  photo  detector  9  via  a  convex  lens  7  and  a 
cylindrical  lens  8.  The  convex  lens  7  converges  the 
focussing  error  detecting  light  on  the  quadrant 
photo  detector  9,  and  the  cylindrical  lens  8  forms  the 
focussing  error  detecting  light  into  an  astigmatic 
pencil  of  rays,  which  has  astigmatic  wave  fronts.  The 
quadrant  photo  detector  9  is  divided  in  four  light 
detecting  sections  with  the  optical  axis  as  the 
center.  The  four  light  detecting  sections  9a,  9b,  9c, 
and  9d  have  their  respective  operational  amplifiers 
10a,  10b,  10c,  and  10d.  Detecting  signals  from  the 
respective  light  detecting  sections  9a,  9b,  9c,  and  9d 
are  amplified  respectively  by  the  operational  ampli- 
fiers  10a,  10b,  10c,  and  10d,  and  then  processed  by 
adders  11  and  12,  and  a  subtractor  13  to  be 
outputted  as  a  focussing  error  signal.  When  detect- 
ing  signals  of  the  light  detecting  sections 
9a,9b,9c,9d  are  represented  respectively  by  A,  B,  C 
and  D,  a  focussing  error  signal  F  is  given  by  the 
following  formula 
F  =  (A  +  C)  -  (B  +  D). 

A  focussing  error  signal  is  outputted  in  accord- 

ance  with  a  deflection  of  the  information  recording 
medium  5  from  the  focal  point  of  the  objective  lens. 

When  the  information  recording  medium  5  is 
located  before  the  focal  point  of  the  objective  lens  4, 

5  the  focussing  error  detecting  light  is  spotted  on  the 
quadrant  photo  detector  9  in  a  vertically  elongated 
shape  as  shown  in  Fig.  2(a).  The  detecting  signals  A 
and  C  from  the  light  detecting  sections  9a  and  9c 
become  accordingly  larger,  and  those  B  and  D  from 

10  the  light  detecting  sections  9b  and  9d  become 
accordingly  smaller.  Resultantly  the  focussing  error 
signal  F  becomes  positive. 

When  the  information  recording  medium  5  is 
located  correctly  on  the  focal  point  of  the  objective 

15  lens  4,  the  focussing  error  detecting  light  is  spotted 
on  the  quadrant  photo  detector  9  in  a  circular  shape 
as  shown  in  Fig.  2(b).  The  detecting  signals  A,  B,  C 
and  D  from  the  light  detecting  sections  9a,9b,9c  and 
9d  have  the  same  level.  Resultantly  the  focussing 

20  error  detecting  signal  F  becomes  zero. 
When  the  information  recording  medium  5  is 

located  behind  the  focal  point  of  the  objective  lens  4, 
the  focussing  error  detecting  light  is  spotted  on  the 
quadrant  photo  detector  9  in  a  horizontally  elong- 

25  ated  shape  as  shown  in  Fig.  2(c).  The  detecting 
signals  A  and  C  from  the  light  detecting  sections  9a 
and  9c  become  smaller,  and  the  detecting  signals  B 
and  D  from  the  light  detecting  sections  9b  and  9d 
become  larger.  Resultantly  the  focussing  error 

30  signal  F  becomes  negative. 
The  relationship  between  the  position  of  the 

information  recording  medium  5  with  respect  to  the 
objective  lens  4,  and  the  focussing  error  detecting 
signal  F  is  shown  in  Fig.  3.  The  position  p  of  Fig.  2(a) 

35  where  a  focussing  signal  F  becomes  maximum 
becomes  the  focal  point  of  the  .saggital  plane  of  the 
focussing  error  detecting  light,  which  is  an  astig- 
matic  pencil  of  rays.  The  position  r  of  Fig.  2(c)  where 
the  focussing  error  detecting  signal  F  becomes 

40  minimum  becomes  the  focal  point  of  the  meridional 
plane  of  the  focussing  error  detecting  light,  which  is 
an  astigmatic  pencil  of  rays.  At  the  position  q  of 
Fig.  2(b),  the  information  recording  medium  5  is 
agreed  correctly  with  the  focal  point  of  the  objective 

45  lens  4. 
Thus,  the  focussing  error  signal  F  varies  in 

accordance  with  positions  of  the  information  recor- 
ding  medium  5  with  respective  to  the  objective  lens 
4.  The  focussing  error  signal  F  is  feedback  to  driving 

50  means  for  the  objective  lens  4  so  that  the  driving 
means  controls  a  beam  of  laser  light  to  be  focussed 
correctly  on  the  information  recording  medium  5. 

But  in  the  above  described  prior  art  optical  head, 
since  the  convex  lens  7  and  the  cylindrical  lens  8  are 

55  used  to  form  a  focussing  error  detecting  light  into  an 
astigmatic  pencil  of  rays,  which  is  to  be  focussed  on 
the  quadrant  optical  detector  9,  it  is  difficult  to 
miniaturize  the  error  detecting  system  and  reduce 
the  weight  of  the  system.  Besides,  in  order  to 

60  improve  the  error  detecting  precision,  it  is  necessary 
to  increase  the  longitudinal  magnification  between 
the  information  recording  medium  5  and  the  quad- 
rant  photo  detector  9  so  as  to  decrease  the 
astigmatic  difference.  To  this  end  the  curvature  of 

65  radius  of  the  cylindrical  lens  8  has  to  be  made  large. 

3 
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Increasing  the  curvature  of  radius  not  only  makes  it 
difficult  to  obtain  eccentricity  precision  and  generat- 
rix  precision  in  machining  the  cylindrical  lens,  and 
consequently  its  production  cost  goes  up,  but  also 
makes  it  difficult  to  align  the  convex  lens  7,  the 
cylindrical  lens  8  and  the  quadrant  photo  detector  9. 

Next,  the  error  detecting  device  for  an  optical 
head  according  to  one  embodiment  of  this  invention 
is  shown  in  Fig.  4. 

The  error  detecting  device  according  to  this 
embodiment  is  different  from  the  prior  art  error 
detecting  device  in  that  in  this  embodiment  a 
quadrant  Fresnel  zone  plate  20  is  used  in  place  of 
the  convex  lens  7  and  the  cylindrical  lens  8,  and  an 
tracking  error  signal  as  well  as  a  focussing  error 
signal  are  produced  from  an  output  signal  of  the 
quadrant  photo  detector  9. 

As  shown  in  Fig.  5,  the  general  Flesnel  zone  plate 
comprises  concentric  rings  of  radii  proportional  to 
an  integral  square  root,  which  are  opaque  every  two 
rings  so  that  the  light  passing  through  the  respective 
opaque  rings  are  converged  in  the  same  phase, 
whereby,  owing  to  the  diffractions,  the  Flesnel  zone 
plate  does  the  same  function  as  a  lens.  When  the 
focal  length  of  a  primary  diffracted  light  is  rep- 
resented  by  f,  the  radius  rk  of  the  boundary  between 
the  k-th  transparent  and  opaque  rings  is  given  by 
rk2  =  k  x  f  x  X.  X  indicates  a  wavelength  of  an 
incident  light.  Each  opaque  ring  is  prepared  by 
forming  a  chromium  layer  on  a  transparent  substrate 
by  sputtering  or  others.  Actually  the  Flesnel  zone 
plate  20  comprises  rings  as  many  as  200,  but 
drawings  illustrate  only  some  rings  for  simplification. 

Fig.  6  shows  the  quadrant  Flesnel  zone  plate  20 
used  in  this  embodiment.  The  quadrant  Flesnel  zone 
plate  20  are  divided  in  four  sections  20a,  20b,  20c, 
and  20d  by  two  parting  lines  201  passing  the  center 
20o  orthogonally  to  each  other.  The  transparent  and 
the  opaque  rings  are  so  arranged  that  a  primary 
diffracted  light  has  an  equal  focal  length  between  the 
regions  20a  and  20c  opposed  to  each  other  across 
the  center  and  the  regions  20b  and  20d  opposed  to 
each  other  across  the  center.  When  the  focal  length 
of  the  primary  diffracted  light  in  the  regions  20a  and 
20c  is  represented  by  fa,  and  that  of  the  regions  20b 
and  20d  is  represented  by  fb,  an  astigmatic 
difference  A  is  given  by 
A  =  fa  -  fb. 
wherein  radii  rak  and  rbk  of  the  respective  boun- 
daries  of  the  k-th  transparent  and  the  opaque  rings 
in  the  regions  20a  and  20c  and  in  the  regions  20b  and 
20d  are  given  by 
rak2  =  k  x  fa  x  X 
rbk2  =  k  x  fb  x  X 
wherein  k  is  1  ,  2,  3  and  X  is  a  wavelength  of  a 
reflected  light  from  the  information  recording  me- 
dium  5.  An  astigmatic  difference  A  is  converted  into 
a  length  in  the  information  recording  medium  5  by 
A'  =  A  /  p2 
wherein  p  is  a  lateral  magnification  between  the 
information  recording  medium  5  and  the  quadrant 
photo  detector  9  of  this  optical  system,  and  p2  is  a 
longtudinal  magnification. 

Generally  the  astigmatic  difference  A  of  the 
information  recording  medium  5  is  about  10  -  15  u.m. 

Based  on  this  value,  an  astigmatic  difference  A  and  a 
horizontal  magnification  P  are  determined,  and  a 
focal  lengths  fa  and  fb  in  the  regions  20a  and  20c, 
and  of  the  regions  20b  and  20d  are  given.  And  rak 

5  and  rbk  are  automatically  given. 
The  two  parting  lines  201  thus  determined  are 

arranged  so  as  to  overlap  the  two  parting  lines  of  the 
quadrant  photo  detector  9  as  viewed  in  the  direction 
of  the  optical  axis. 

10  Detecting  signals  A,  B,  C,  and  D  from  the 
respective  light  detecting  regions  of  a  quadrant 
photo  detector  9  are  computed  by  adders  1  1  and  12, 
and  a  subtractor  13  to  produce  a  focussing  error 
signal  F,  while  being  processed  by  subtractor  15  so 

15  as  to  produce  a  tracking  error  signal  T.  A  focussing 
error  signal  F  and  a  tracking  error  signal  T  are  given 
by  the  following  formulae 
F  =  (A  +  C)  -  (B  +  D) 
T=  (D-B). 

20  Spots  shown  in  Fig.  7  are  formed  on  the  quadrant 
photo  detector  9  in  accordance  with  positions  of  the 
objective  lens  4  with  respect  to  the  information 
recording  medium  5. 

When  the  information  recording  medium  5  is 
25  located  before  the  focal  point  of  the  objective  lens  4, 

as  shown  in  Fig.  7(a),  the  error  detecting  light  forms 
a  spot  which  is  larger  in  the  light  detecting  sections 
9a  and  9c  and  smaller  in  the  light  detecting  sections 
9b  and  9d.  Accordingly  the  focussing  error  signal  F 

30  becomes  positive. 
When  the  information  recording  medium  5  is 

located  correctly  at  the  focal  point  of  the  objective 
lens  4,  as  shown  in  Fig.  7(b),  the  error  detecting  light 
forms  a  circular  spot  on  the  quadrant  photo  detector 

35  9.  The  spot  is  equal  in  the  light  detecting  sections 
9a,9b,9c  and  9d.  Accordingly  the  focussing  error 
signal  F  becomes  0. 

When  the  information  recording  medium  5  is 
located  behind  the  focal  point  of  the  objective  lens  4, 

40  as  shown  in  Figs.  7(c)  ,  the  error  detecting  light  forms 
a  beam  spot  which  is  smaller  in  the  light  detecting 
sections  9a  and  9c  and  larger  in  the  light  detecting 
sections  9b  and  9d.  Accordingly  the  focussing  error 
signal  F  becomes  negative. 

45  Figs.  7(a)-(c)  show  cases  where  a  focussing  error 
alone  is  present  without  a  tracking  error.  In  a  case 
where  a  tracking  error  alone  is  present  without  a 
focussing  error,  the  error  detecting  light  forms  a 
spot  shown  in  Fig.  7(d)  on  the  quadrant  photo 

50  detector  9.  Specifically,  the  shape  of  the  spots  is  the 
same  as  in  Fig.  7(b)  where  the  information  recording 
medium  5  is  in  focus,  but  the  brightness  differs  in 
accordance  with  tracking  errors.  Fig.  7(d)  shows  a 
case  where  a  tracking  error  takes  place  horizontally, 

55  i.e.,  a  light  amount  differs  between  the  light 
detecting  sections  9b  and  9d  in  accordance  with  a 
tracking  error.  Even  when  a  tracking  error  is  present, 
a  light  intensity  does  not  differ  between  the  light 
detecting  sections  9a  and  9c.  Resultantly  the 

60  tracking  error  signal  T  becomes  positive  or  negative 
in  accordance  with  tracking  errors.  In  Fig.  7(d),  since 
a  light  intensity  in  the  light  detecting  section  9d  is 
larger  than  the  light  detecting  section  9c,  the 
tracking  error  signal  T  becomes  positive. 

65  As  described  above,  according  to  this  embodi- 
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ment,  the  combination  of  a  convex  lens  and  a 
cylindrical  lens  in  the  prior  art  error  detecting  device 
is  replaced  by  one  quadrant  Flesnel  zone  plate,  so 
that  an  error  detecting  light  can  be  converted  into  an 
astigmatic  pencil  of  rays  to  be  converged  on  a 
quadrant  photo  detector. 

Both  the  quadrant  Flesnel  zone  plate  and  the 
quadrant  photo  detector  of  the  above-described 
embodiment  in  Fig.  4  may  be  located  at  a  position 
where  the  parting  lines  of  the  quadrant  Flesnel  zone 
plate  and  the  quadrant  photo  detector  are  displaced 
by  45  degrees  from  their  positions  in  Fig.  4.  At  this 
time,  the  tracking  error  signal  T  is  given  by  the 
formula 
T  =  (A-C)  +  (C-B). 

The  quadrant  Flesnel  zone  plate  of  the  above 
described  embodiment  is  transparent  at  the  center 
and  has  a  primary  phase  of  zero  degree,  but  the 
primary  phase  may  have  any  value. 

For  example,  as  shown  in  Fig.  8,  the  transparent 
and  the  opaque  rings  of  Figs.  6  may  be  inversed  so 
that  the  primary  phase  is  180  degrees. 

The  primary  phase  may  be  60  degrees  as  shown  in 
Fig.  9. 

The  Flesnel  zone  plate  can  detect  the  errors  with  a 
primary  phase  of  any  degree.  Experiments  con- 
ducted  by  the  inventors,  however,  show  that  the 
primary  phase  have  preferably  about  30  -  60  de- 
grees;  when  the  primary  phase  has  zero  degree,  the 
zeroth  order  deflected  light  makes  the  diameter  of 
an  error  detecting  light  spot  large,  with  a  result  of 
poor  error  detection  precision;  when  the  primary 
phase  has  180  degrees,  most  of  the  largest  intensity 
region  in  Gaussian  distribution  of  light  is  blocked  by 
the  central  spot,  with  a  result  of  large  loss  of  the  light 
amount;  and  when  the  primary  phase  has  about 
30-60  degrees,  the  light  intensity  is  sufficient 
without  deterioration  of  the  error  detecting  preci- 
sion. 

The  optical  system  for  making  an  error  detecting 
light  astigmatic  is  not  limited  to  the  above  described 
Flesnel  zone  plate  but  may  cover  various  modifica- 
tions. 

Fig.  10  shows  an  example  of  a  quadrant  phase 
reversal  type  Flesnel  zone  plate  21.  The  quadrant 
phase  reversal  type  Flesnel  zone  plate  21  has  a  180 
degree  phase  delay  every  two  rings  in  place  of  the 
transparent  and  the  opaque  rings  arranged  every 
two  rings.  Specifically,  stepped  rings  of  a  height  h 
are  provided  in  the  place  of  the  opaque  rings.  When 
a  wavelength  of  an  error  detecting  light  is  rep- 
resented  by  X,  and  a  refractive  index  is  indicated  by 
n,  a  height  h  required  for  180  degrees  retardation  in 
given  by 
h  =  X  12  (n-1). 
This  quadrant  phase  reversal  type  Flesnel  zone  plate 
21  more  improves  firstorder  collecting  efficiency 
than  the  binary  transmitted  type  Flesnel  zone  plate 
having  the  transparent  and  opaque  rings.  The  binary 
transmitted  type  Flesnel  zone  plate  has  a  diffraction 
efficiency  of  abut  100/o,  but  the  phase  reversal  type 
Flesnel  zone  plate  21  has  a  diffraction  efficiency  of 
about  40o/o.  The  example  of  Fig.  10  has  a  primary 
phase  of  60  degrees  as  an  example  only,  but  the 
quadrant  phase  reversal  type  Flesnel  zone  plate  21 

may  have  a  primary  phase  of  any  degree.  Fine 
stepped  rings  of  a  required  height  were  formed  by 
the  fine  processing  technique  for  fabricating  semi- 
conductor  devices. 

5  Fig.  11  shows  a  Flesnel  lens  comprising  many 
lenses  arranged  in  a  multi  ring  fashion.  Fig.  11(b) 
shows  its  characteristic  sectional  profile.  This  Fles- 
nel  lens  is  divided  in  four  sections,  and  the  four 
sections  are  composed  of  a  quadrant  Flesnel  lens 

10  22.  The  sections  are  offset  radially  from  one  another 
so  that  the  respective  rings  are  discontinued  at  the 
parting  lines,  whereby  an  error  detecting  light 
passing  the  Flesnel  lens  22  is  converted  into  an 
astigmatic  pencil  of  rays  having  two  focal  points. 

15  Fig.  12  shows  a  quadrant  convex  lens  23  compris- 
ing  an  assembly  of  four  divided  sections  of  a  convex 
lens,  which  is  used  in  the  error  detecting  optical 
system.  The  quadrant  convex  lens  23  is  divided  into 
four  sections  23a,  23b,  23c,  and  23d  by  two  parting 

20  lines  231  passing  the  center  23o  orthogonally  to 
each  other.  The  regions  23a  and  23c  opposed 
across  the  center,  and  the  regions  23b  and  23d 
opposed  across  the  center  are  offset  radially  from 
each  other,  so  that  an  error  detecting  light  passes 

25  the  quadrant  convex  lens  23  can  be  converted  into 
an  astigmatic  pencil  of  rays  having  tow  focal  points. 

In  the  quadrant  convex  lens  24  shown  in  Fig.  13, 
regions  24a  and  24c  opposed  across  the  center  and 
regions  24b  and  24d  opposed  across  the  center 

30  have  different  curvatures  of  radius  from  each  other 
so  as  to  differ  their  focal  lengths,  and  the  bottom 
surface  of  the  quadrant  convex  lens  24  is  made  flat. 

It  is  also  possible  to  use  a  convex  lens  having 
regions  each  opposed  across  the  center  which  have 

35  the  same  profile  but  are  made  of  materials  of 
different  refractive  indices  so  that  the  regions  have 
different  focal  lengths. 

This  invention  is  not  limited  to  the  above  de- 
scribed  embodiment  but  cover  various  modifica- 

40  tions.  For  example,  in  the  above  described  embodi- 
ment,  the  optical  system  is  divided  in  four  sections 
but  may  be  divided  in  any  number  of  sections,  e.g.,  in 
two,  three  or  eight  sections.  In  short,  the  optical 
system  for  the  error  detection  comprises  a  first 

45  focussing  member  for  focussing  an  error  detecting 
signal  to  a  first  focal  point,  and  a  second  focussing 
member  for  focussing  an  error  detecting  light  to  a 
second  focal  point,  and  the  first  and  the  second 
members  are  formed  integral. 

50 

Claims 

1.  An  error  detecting  device  for  an  optical 
55  head,  comprising  optical  means  for  converting 

a  reflected  light  of  a  light  irradiating  a  surface  to 
be  irradiated  into  an  astigmatic  pencil  of  rays, 
and  means  for  detecting  errors  of  said  light 
irradiating  the  surface  to  be  irradiated,  based  on 

60  a  first  focal  point  and  a  second  focal  point  of 
said  astigmatic  pencil  of  rays, 
characterized  in  that  said  optical  means  having 
a  first  focussing  member  for  focussing  .said 
reflected  light  on  said  first  focal  point,  and  a 

65  second  focussing  member  for  focussing  said 
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reflected  light  on  said  second  focal  point,  and 
said  first  and  said  second  focussing  members 
being  made  integral,  and  that  said  detecting 
means  detecting  errors  of  said  irradiated  light, 
based  on  a  detecting  signal  of  a  spot  of  said 
reflected  light  formed  by  said  first  focussing 
member,  and  a  detecting  signal  of  a  spot  of  said 
reflected  light  formed  by  said  second  focussing 
member. 

2.  An  error  detecting  device  for  an  optical 
head  according  to  claim  1  ,  wherein  said  optical 
means  is  provided  by  a  Flesnel  zone  plate. 

3.  An  error  detecting  device  for  an  optical 
head  according  to  claim  2,  wherein 
said  optical  means  having: 
a  first,  a  second,  a  third  and  a  fourth  Flesnel 
zone  plate  members  divided  in  four  by  two 
parting  lines  passing  the  center  of  said  Flesnel 
zone  plate, 
said  first  and  said  third  Flesnel  zone  plate 
members  opposed  to  each  other  across  said 
center  has  said  first  focal  point,  and 
said  second  and  said  fourth  Flesnel  zone  plate 
members  opposed  to  each  other  across  said 
center  has  said  second  focal  point;  and 
said  detecting  means  having: 
a  first,  a  second,  a  third  and  a  fourth  detecting 
sections  for  respectively  detecting  a  spot  of 
said  reflected  light  formed  by  said  first,  said 
second,  said  third  and  said  fourth  Flesnel  zone 
plate  members, 
a  focussing  error  computing  unit  for  computing 
a  focussing  error  signal,  based  on  detecting 
signals  from  said  first,  said  second,  said  third 
and  said  fourth  detecting  sections,  and 
a  tracking  error  computing  unit  for  computing  a 
tracking  error  signal,  based  on  detecting  sig- 
nals  from  at  least  said  second  and  said  fourth 
detecting  sections. 

4.  An  error  detecting  device  for  an  optical 
head  according  to  claim  2  or  3,  wherein  said 
Flesnel  zone  plate  is  provided  by  a  phase 
reversal  type  Flesnel  zone  plate. 

5.  An  error  detecting  device  for  an  optical 
head  according  to  claim  2  or  3,  wherein  said 
Flesnel  zone  plate  is  provided  by  a  binary 
transmitted  type  Flesnel  zone  plate. 

6.  An  error  detecting  device  for  an  optical 
head  according  to  claim  5,  wherein  said  binary 
transmitted  type  Flesnel  zone  plate  has  a 
primary  phase  of  about  30  -  60  degrees. 

7.  An  error  detecting  device  for  an  optical 
head  according  to  claim  1,  wherein  said  optical 
means  is  provided  by  a  Flesnel  lens. 

8.  An  error  detecting  device  for  an  optical 
head  according  to  claim  7,  wherein 
said  optical  means  having: 
a  first,  a  second,  a  third  and  a  fourth  Flesnel 
lens  members  divided  in  four  by  two  parting 
lines  passing  the  center  of  said  Flesnel  lens, 
said  first  and  said  third  Flesnel  lens  members 
opposed  to  each  other  across  said  center  has 
said  first  focal  point,  and 
said  second  and  said  fourth  Flesnel  lens 
members  opposed  to  each  other  across  said 

center  has  said  second  focal  point;  and 
said  detecting  means  having: 
a  first,  a  second,  a  third  and  a  fourth  detecting 
sections  for  respectively  detecting  a  spot  of 

5  said  reflected  light  formed  by  said  first,  said 
second,  said  third  and  said  fourth  Flesnel  lens 
members, 
a  focussing  error  computing  unit  for  computing 
a  focussing  error  signal,  based  on  detecting 

10  signals  from  said  first,  said  second,  said  third 
and  said  fourth  detecting  sections,  and 
a  tracking  error  computing  unit  for  computing  a 
tracking  error  signal,  based  on  detecting  sig- 
nals  from  at  least  said  second  and  said  fourth 

15  detecting  sections. 
9.  An  error  detecting  device  for  an  optical 

head  according  to  claim  1  ,  wherein  said  optical 
means  is  provided  by  a  convex  lens. 

10.  An  error  detecting  device  for  an  optical 
20  head  according  to  claim  9,  wherein 

said  optical  means  having: 
a  first,  a  second,  a  third  and  a  fourth  convex 
lens  members  divided  in  four  by  two  parting 
lines  passing  the  center  of  said  convex  lens, 

25  said  first  and  said  third  convex  lens  members 
opposed  to  each  other  across  said  center  has 
said  first  focal  point,  and 
said  second  and  said  fourth  convex  lens 
members  opposed  to  each  other  across  said 

30  center  has  said  second  focal  point;  and 
said  detecting  means  having: 
a  first,  a  second,  a  third  and  a  fourth  detecting 
sections  for  respectively  detecting  a  spot  of 
said  reflected  light  formed  by  said  first,  said 

35  second,  said  third  and  said  fourth  convex  lens 
members, 
a  focussing  error  computing  unit  for  computing 
a  focussing  error  signal,  based  on  detecting 
signals  from  said  first,  said  second,  said  third 

40  and  said  fourth  detecting  sections,  and 
a  tracking  error  computing  unit  for  computing  a 
tracking  error  signal,  based  on  detecting  sig- 
nals  from  at  least  said  second  and  said  fourth 
detecting  sections. 

45  11.  A  focus  and/or  tracking  error  detecting 
device  for  an  optical  head  operable  in  conjunc- 
tion  with  a  recording  medium,  comprising  an 
optical  system  for  directing  radiation  from  the 
medium  onto  a  sensor,  the  optical  system 

50  including  means  receiving  a  parallel  beam  of 
radiation  and  for  focussing  the  beam  with 
astigmatism  onto  the  sensor,  characterised  in 
that  said  means  is  provided  by  a  single  optical 
member. 

55  12.  A  focus  and/or  tracking  error  detecting 
device  for  an  optical  head  operable  in  conjunc- 
tion  with  a  recording  medium,  comprising  an 
optical  system  for  directing  radiation  from  the 
medium  onto  a  sensor,  the  optical  system 

60  including  means  for  focussing  the  radiation  with 
astigmatism  onto  the  sensor,  characterised  in 
that  said  means  comprises  a  Fresnel  zone  plate 
for  producing  the  astigmatism. 
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