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Displacement  detecting  system. 

FIG.1  ©  A  displacement  detecting  system  comprises  an 
optical  detector  which  includes  a  one-chip  optical  IC 
having  a  laser  light  source,  light  receiving  elements 
for  generating  in  response  to  laser  light  reflected  by 
a  surface  to  be  measured  a  focus  error  signal  indica- 
tive  of  a  deviation  of  a  distance  between  the  surface 
and  an  objective  lens  from  a  focal  length  thereof, 
and  a  prism. 
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BACKGROUND  OF  THE  INVENTION 

The  present  invention  relates  generally  to  a 
system  for  detecting  a  displacement  between  an 
objective  lens  and  a  surface  to  be  measured  and 
more  particularly,  to  the  system  using  the  optical 
astigmatic  method. 

The  non-contact  measuring  method  such  as 
the  optical  astigmatic  method,  critical  angle  detect- 
ing  method,  or  knife  edge  method  is  conventionally 
known,  which  serves  to  measure  a  displacement 
between  the  objective  lens  and  the  surface  to  be 
measured,  or  a  shape  and  roughness  of  the  sur- 
face.  A  displacement  detecting  system  using  such 
measuring  method  includes,  for  example,  a  non- 
contact  surface  roughness  tester  which  uses  an 
absolute  level  of  a  focus  error  signal  to  detect  a 
displacement  between  the  objective  lens  and  the 
surface  to  be  measured,  and  a  focusing-type  non- 
contact  displacement  detecting  system  which  in- 
cludes  a  drive  arranged  to  the  objective  lens  so  as 
to  make  the  latter  follow  the  surface  through  feed- 
back  control  of  a  focus  error  signal,  detecting  a 
displacement  between  the  two  through  the  drive. 

Fig.  9  shows  a  constitution  of  the  displacement 
detecting  system  disclosed  in  JP-A  4-366711.  This 
system  is  a  focusing-type  non-contact  detecting 
system  with  a  scale.  Referring  to  Fig.  9,  an  optical 
detector,  designated  generally  by  reference  nu- 
meral  1,  is  arranged  to  detect  through  light  re- 
flected  by  a  surface  6  to  be  measured  a  deviation 
of  a  distance  between  an  objective  lens  5  and  the 
surface  6  from  a  focal  length.  An  actuator  16  is 
arranged  to  move  the  objective  lens  5  in  the  direc- 
tion  of  an  optical  axis  21  in  response  to  an  output 
of  a  light  receiving  element  7  of  the  optical  detector 
1  so  that  the  distance  between  the  objective  lens  5 
and  the  surface  6  is  equal  to  the  focal  length.  A 
linear  scale  20  is  disposed  on  an  axis  22  which  is 
in  line  with  the  optical  axis  21  of  the  objective  lens 
5,  and  integrally  mounted  to  the  actuator  16  so  as 
to  move  together  with  the  objective  lens  5.  The 
optical  detector  1  comprises  a  laser  diode  2,  a 
beam  splitter  3,  and  a  mirror  4  in  addition  to  the 
light  receiving  element  7. 

The  conventional  displacement  detecting  sys- 
tem  operates  as  follows:  The  optical  detector  1 
detects  a  deviation  of  the  distance  between  the 
objective  lens  5  and  the  surface  6  from  the  focal 
length  through  light  reflected  by  the  surface  6,  and 
the  actuator  16  moves  the  objective  lens  5  in  the 
direction  of  the  optical  axis  21  so  that  the  distance 
between  the  objective  lens  5  and  the  surface  6  is 
equal  to  the  focal  length  in  response  to  an  output 
of  the  light  receiving  element  7  of  the  optical  de- 
tector  1  .  The  linear  scale  20,  disposed  on  the  axis 
22  which  is  in  line  with  the  optical  axis  21  of  the 
objective  lens  5  and  integrally  mounted  to  the 

actuator  16,  is  moved  together  with  the  objective 
lens  5  in  accordance  with  a  displacement  of  the 
surface  6.  By  this,  a  displacement  of  the  surface  6 
can  be  detected  as  a  displacement  of  the  linear 

5  scale  20. 
With  the  conventional  displacement  detecting 

system,  however,  the  optical  detector  1  needs  at 
least  the  laser  diode  2,  beam  splitter  3,  mirror  4, 
and  light  receiving  element  7,  and  is  constructed 

w  by  the  combination  of  the  above  parts,  resulting  in 
a  complicated  constitution  and  increased  size  of 
the  system.  Further,  due  to  the  need  of  fine  adjust- 
ment,  the  system  has  a  weak  point  for  a  dislocation 
and  vibration,  resulting  in  a  unsuitable  mass  pro- 

75  duction. 
Further,  when  the  drive  is  arranged  to  the  ob- 

jective  lens  5  so  as  to  be  variable  with  respect  to 
the  surface  6,  a  collimator  lens  is  needed  in  addi- 
tion  to  the  objective  lens  5,  which  may  produce  a 

20  dislocation  upon  mounting,  resulting  in  a  potential 
occurrence  of  a  error  factor. 

Furthermore,  due  to  lengthened  optical  path  of 
the  optical  detector  1  upon  position  detection,  the 
component  parts  of  the  optical  detector  1  under- 

25  goes  an  influence  of  thermal  expansion,  etc.  by 
temperature  variation,  resulting  in  a  difficult  mea- 
surement  of  the  displacement  amount  of  the  sur- 
face  6  with  accuracy  higher  than  in  the  order  of 
1/100  [urn]. 

30  It  is,  therefore,  an  object  of  the  present  inven- 
tion  to  provide  a  system  for  detecting  a  displace- 
ment  between  an  objective  lens  and  a  surface  to 
be  measured  with  high  accuracy  and  a  reduced 
size. 

35 
SUMMARY  OF  THE  INVENTION 

According  to  one  aspect  of  the  present  inven- 
tion,  there  is  provided  a  system  for  detecting  a 

40  displacement  of  a  surface,  comprising: 
an  objective  lens  movably  disposed  apart  from 

the  surface,  said  objective  lens  having  a  predeter- 
mined  focal  length  and  an  optical  axis; 

one-chip  optical  integrated  circuit  means  for 
45  producing  laser  light  and  generating  in  response  to 

laser  light  reflected  by  the  surface  a  focus  error 
signal  indicative  of  a  deviation  of  a  distance  be- 
tween  the  surface  and  said  objective  lens  from  said 
predetermined  focal  length; 

50  control  circuit  means,  connected  to  said  one- 
chip  optical  integrated  circuit  means,  for  generating 
a  drive  signal  so  that  said  focus  error  signal  is  null; 

means  for  moving  in  response  to  said  drive 
signal  said  objective  lens  in  a  direction  of  said 

55  optical  axis  thereof;  and 
means  for  detecting  a  displacement  amount  of 

said  objective  lens. 
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According  to  another  aspect  of  the  present 
invention,  there  is  provided  a  system  for  detecting 
a  displacement  of  a  surface,  comprising: 

a  source  of  laser  light; 
an  objective  lens  movably  disposed  apart  from 

the  surface,  said  objective  lens  condensing  laser 
light  of  said  source  to  the  surface,  said  objective 
lens  having  a  predetermined  focal  length  and  an 
optical  axis; 

means  for  generating  in  response  to  laser  light 
reflected  by  the  surface  a  focus  error  signal  indica- 
tive  of  a  deviation  of  a  distance  between  the  sur- 
face  and  said  objective  lens  from  said  predeter- 
mined  focal  length; 

control  circuit  means,  connected  to  said  focus 
error  signal  generating  means,  for  generating  a 
drive  signal  so  that  said  focus  error  signal  is  null; 

means  for  moving  in  response  to  said  drive 
signal  said  objective  lens  in  a  direction  of  said 
optical  axis  thereof;  and 

means  for  detecting  a  displacement  amount  of 
said  objective  lens, 

wherein  said  source  of  laser  light  and  said 
focus  error  signal  generating  means  are  in  a  form 
of  a  one-chip  optical  integrated  circuit. 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

Fig.  1  is  a  schematic  perspective  view  showing 
one  preferred  embodiment  of  a  displacement 
detecting  system  according  to  the  present  in- 
vention; 
Fig.  2  is  view  similar  to  Fig.  1,  showing  a  one- 
chip  optical  integrated  circuit  (IC)  of  an  optical 
detector  of  the  displacement  detecting  system; 
Fig.  3  is  a  diagrammatic  view  showing  a  rela- 
tionship  between  the  one-chip  optical  IC,  an 
objective  lens,  and  a  surface  to  be  measured; 
Fig.  4  is  a  block  diagram  showing  a  constitution 
of  the  one  preferred  embodiment  of  the  present 
invention; 
Figs.  5A-5D  are  views  similar  to  Fig.  3,  each  for 
explaining  the  operation  of  light  receiving  ele- 
ments; 
Fig.  6  is  a  graph  showing  a  characteristic  of  a 
focus  error  signal; 
Fig.  7  is  a  view  similar  to  Fig.  4,  showing  an- 
other  preferred  embodiment  of  the  present  in- 
vention; 
Fig.  8  is  a  view  similar  to  Fig.  7,  showing  the 
other  preferred  embodiment  of  the  present  in- 
vention;  and 
Fig.  9  is  a  view  similar  to  Fig.  8,  showing  a 
conventional  displacement  detecting  system. 

DETAILED  DESCRIPTION  OF  THE  INVENTION 

Referring  to  the  drawings  wherein  like  refer- 
ence  numerals  designate  like  parts  throughout  the 

5  views,  preferred  embodiments  of  a  displacement 
detecting  system  according  to  the  present  inven- 
tion  will  be  described. 

Referring  first  to  Fig.  4,  an  optical  detector, 
designated  generally  by  reference  numeral  1,  is 

w  arranged  to  output  a  focus  error  signal  E.  Referring 
also  to  Figs.  1-3,  the  optical  detector  1  comprises  a 
one-chip  optical  integrated  circuit  (IC)  44,  a  laser 
diode  41  as  a  light  source,  a  prism  43  for  reflecting 
laser  light  L  emitted  by  the  laser  diode  41  to  an 

75  objective  lens  5,  and  a  plurality  of  light  receiving 
elements  42a,  42b  for  receiving  laser  light  L  re- 
flected  by  a  surface  6  to  be  measured.  The  optical 
detector  1  has  a  small  outside  dimension  of,  e.g., 
6.5  [mm]  x  7.5  [mm]  x  1.4  [mm],  and  includes 

20  component  parts  arranged  with  accuracy.  The  op- 
tical  detector  1  can  be  mass-produced,  and  at  least 
half  reduced  in  size  by  a  further  development  of 
the  integration  technique. 

As  shown  in  Figs.  1  and  4,  the  one-chip  optical 
25  IC  44  of  the  optical  detector  1  ,  the  objective  lens  5, 

and  a  member  (no  numeral)  for  supporting  the  two 
at  a  predetermined  distance  constitute  an  optical 
tracer  35. 

The  optical  tracer  35  is  arranged  through  a 
30  spindle  40  to  a  main  body  34  which  comprises  an 

actuator  16  having  a  moving  coil  17  and  a  perma- 
nent  magnet  18,  a  linear  scale  20,  a  detecting  head 
25,  a  connecting  member  27,  and  mounting  refer- 
ence  plane  45. 

35  It  is  to  be  noted  that  a  lead  wire  of  the  one-chip 
optical  IC  44  of  the  optical  detector  1  may  be 
connected  to  a  pre-amplifier  2  directly,  or  with  a 
support  of  a  support  member  (not  shown),  etc.  For 
more  compact  constitution,  the  lead  wire  of  the 

40  one-chip  optical  IC  44  may  be  disposed  in  a  cavity 
formed  in  the  spindle  40  in  the  longitudinal  direc- 
tion  thereof. 

As  best  seen  in  Figs.  2  and  3,  laser  light  L 
emitted  by  the  laser  diode  41  of  the  one-chip 

45  optical  IC  44  is  reflected  by  the  prism  43  toward 
the  objective  lens  5  with  a  focal  length  fi  .  Laser 
light  L  incident  on  the  objective  lens  5  is  con- 
densed  to  the  surface  6  by  the  objective  lens  5. 

Laser  light  L  reflected  by  the  surface  6  is 
50  incident  on  the  objective  lens  5,  then  on  the  prism 

43.  Laser  light  L  incident  on  the  prism  43  is  de- 
tected  by  the  plurality  of  light  receiving  elements 
42a,  42b  disposed  before  and  behind  a  focused 
position. 

55  By  way  of  example,  referring  to  Fig.  5A,  each 
of  the  light  receiving  elements  42a,  42b  is  in  the 
form  of  a  photodetector  array  having  four  strip- 
shaped  photodetectors  ai-a+,  bi-b+  disposed  in 
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parallel  rows.  These  two  sets  of  photodetector  ar- 
rays  ai-a+,  fch-fcH  are  disposed  to  be  symmetrical 
with  respect  to  the  focused  position.  Referring  to 
Figs  5B-5D,  a  detection  of  the  focused  position  is 
carried  out  by  making  a  comparison  between  the 
magnitudes  of  the  diameters  of  spots  of  light  falling 
on  the  two  sets  of  photodetector  arrays  ai-a+,  bi- 
b+.  When  the  objective  lens  5  is  farther  than  the 
focal  length  fi  with  respect  to  the  surface  6,  the 
diameter  of  the  spot  of  light  falling  on  the 
photodetector  array  ai-a+  disposed  before  the  fo- 
cused  position  is  smaller  than  that  of  the  spot  of 
light  falling  on  the  photodetector  array  bi-b+  dis- 
posed  behind  the  focused  position  as  shown  in  Fig. 
5B.  When  the  distance  between  the  objective  lens 
5  and  the  surface  6  is  equal  to  the  focal  length  fi  , 
the  two  spots  of  light  falling  on  the  photodetector 
arrays  ai-a+,  bi-b+  have  the  same  diameter  as 
shown  in  Fig.  5C.  When  the  objective  lens  5  is 
nearer  than  the  focal  length  fi  with  respect  to  the 
surface  6,  the  diameter  of  the  spot  of  light  falling 
on  the  photodetector  array  ai-a+  before  the  fo- 
cused  position  is  larger  than  that  of  the  spot  of  light 
falling  on  the  photodetector  array  bi  -b+  behind  the 
focused  position  as  shown  in  Fig.  5D. 

In  such  a  way,  the  diameters  of  the  spots  of 
light  falling  on  the  light  receiving  elements  42a,  42b 
are  varied  with  the  distance  between  the  objective 
lens  5  and  the  surface  6.  It  is  thus  understood  that 
the  focused  position  can  be  detected  on  an  output 
change  of  each  of  the  photodetectors  ai  -an  ,  bi  -b+  . 
The  focus  error  signal  E  is  generated  which  is 
expressed  by  the  following  equation: 

Focus  error  signal  E  =  (ai  +  a+  +  b2  +  b3)  -  (a2 
+  a3  +  bi  +  b+) 

It  is  to  be  noted  that  each  light  receiving  ele- 
ment  may  be  a  four-division  diode  disclosed  in  the 
aforementioned  JP-A  4-366711.  Referring  to  Fig.  6, 
a  graph  has  an  x-axis  indicative  of  the  distance  "d" 
[mm]  between  the  objective  lens  5  and  the  surface 
6,  and  a  y-axis  indicative  of  a  voltage  level  V  [v]  of 
the  focus  error  signal  E.  The  origin  0  is  indicative 
of  the  focused  position  where  the  focal  length  fi  is 
equal  to  the  distance  "d"  between  the  objective 
lens  5  and  the  surface  6. 

Referring  again  to  Fig.  4,  the  focus  error  signal 
E  with  a  characteristic  as  illustrated  in  Fig.  6  is 
provided  to  a  servo  control  circuit  15  which  com- 
prises  a  comparator  circuit  and  a  servo  amplifier, 
and  provides  a  drive  signal  S1  to  the  moving  coil 
17  of  the  actuator  16  so  that  the  focus  error  signal 
E  isO. 

The  actuator  16  comprises  the  moving  coil  17, 
the  permanent  coil  18,  and  a  rod-shaped  connect- 
ing  member  27.  The  moving  coil  17  has  one  end 
secured  to  one  end  of  the  connecting  member  27, 

and  the  optical  tracer  35  is  secured  to  another  end 
of  the  connecting  member  27  through  the  spindle 
40. 

Moreover,  the  scale  20  with  graduations  19  is 
5  secured  to  the  connecting  member  27  in  a  pre- 

determined  position  thereof.  The  graduations  19  of 
the  linear  scale  20  are  found  on  an  extension  line 
of  the  optical  axis  21.  In  other  words,  the  linear 
scale  20  is  disposed  on  an  axis  which  is  in  line  with 

w  the  optical  axis  21  . 
It  is  to  be  noted  that  the  linear  scale  20  may  be 

an  optical  scale  with  interference  fringes  recorded 
as  the  graduations  19.  Moreover,  a  magnetic  scale 
or  a  capacitive  scale  may  be  used. 

75  The  graduations  19  of  the  linear  scale  20  can 
be  detected  by  a  detecting  head  25  secured  to  a 
chassis  or  the  like  with  the  mounting  reference 
plane  45.  It  is  to  be  noted  that  the  mounting 
reference  plane  45  may  be  arranged  on  only  on 

20  face  of  the  chassis  or  the  like,  or  on  each  of  four 
faces  thereof. 

Thus,  with  a  displacement  of  the  linear  scale 
20,  the  detecting  head  25  provides  an  output  signal 
to  a  signal  processing  circuit  26,  enabling  a  detec- 

25  tion  of  the  displacement  amount  of  the  linear  scale 
20.  The  displacement  amount  of  the  linear  scale  20 
as  detected  is  provided  to  an  indicator  or  a  data 
logger  (not  shown)  from  the  signal  processing  cir- 
cuit  26. 

30  In  this  embodiment,  the  linear  scale  20  is  con- 
nected  to  the  connecting  member  27  so  as  to  be 
movable,  whereas  the  detecting  head  25  is  secured 
to  the  chassis  or  the  like.  Alternatively,  the  linear 
scale  20  may  be  secured  to  the  chassis  or  the  like, 

35  whereas  the  detecting  head  25  may  be  connected 
to  the  connecting  member  27  so  as  to  be  movable. 

In  that  case,  as  described  above,  the  servo 
control  circuit  15  provides  the  drive  signal  S1  to 
the  moving  coil  17  of  the  actuator  16  so  that  the 

40  focus  error  signal  E  is  0. 
Thus,  the  distance  "d"  between  the  objective 

lens  5  of  the  optical  tracer  35  integrally  mounted  to 
the  moving  coil  17  through  the  connecting  member 
27  and  spindle  40  and  the  surface  6  is  controlled  in 

45  a  feedback  way  to  always  have  a  value  equal  to  the 
focal  length  fi  of  the  objective  lens  5.  This  means 
that  the  displacement  detecting  system  of  the 
present  invention  can  follow  a  fine  displacement  of 
the  surface  6. 

50  Therefore,  when  having  a  displacement  of  the 
surface  6,  the  optical  tracer  35  is  moved  to  main- 
tain  the  focal  length  fi  .  This  movement  of  the 
optical  tracer  35  is  indicated  on  the  graduations  19 
of  the  linear  scale  20,  which  is  read  by  the  detect- 

55  ing  head  25,  enabling  a  detection  of  a  displace- 
ment  of  the  surface  6.  In  response  to  an  output 
signal  of  the  detecting  head  25,  the  displacement 
amount  of  the  surface  6  can  be  calculated  in  the 
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signal  processing  circuit  26. 
The  displacement  amount  of  the  surface  6  as 

calculated  can  be  indicated  on  the  indicator  (not 
shown)  or  recorded  in  the  data  logger  (not  shown), 
allowing  an  easy  automatic  measurement.  An  ex- 
ecution  of  interpolation  processing  in  the  signal 
processing  circuit  26  enables  a  measurement  of 
the  displacement  amount  of  the  surface  6  with  high 
resolving  power. 

Since  the  linear  scale  20  or  the  detecting  head 
25  which  is  movable  together  with  the  optical  tracer 
35  in  the  direction  of  the  optical  axis  21,  etc.  is 
disposed  on  the  axis  which  is  in  line  with  the 
optical  axis  21  of  the  objective  lens  5,  the  displace- 
ment  amount  of  the  surface  6  as  obtained  in  such  a 
way  has  no  Abbe  error  produced  due  to  an  inclina- 
tion  of  the  linear  scale  20  or  the  detecting  head  25. 
As  a  result,  the  displacement  amount  of  the  linear 
scale  20  or  the  detecting  head  25  is  in  one-to-one 
correspondence  with  the  displacement  amount  of 
the  objective  lens  5,  resulting  in  a  detection  of  the 
displacement  amount  of  the  surface  6  with  very 
high  accuracy. 

Further,  a  wide  detection  range  corresponding 
to  a  detection  range  of  the  linear  scale  20  or  a  full 
scale  of  the  graduations  19  is  ensured  without  any 
deterioration  of  detection  accuracy. 

Furthermore,  due  to  feedback  control,  even  if 
the  sensitivity  of  the  focus  error  signal  E  is  varied 
with  the  reflectance  of  the  surface  6,  there  is  no 
occurrence  of  a  measurement  error,  nor  occur- 
rence  of  an  error  resulting  from  a  dispersion  or  drift 
of  elements  of  the  servo  control  circuit  15  and  the 
actuator  16,  resulting  in  a  saving  of  time  for  adjust- 
ment  and  calibration  of  the  displacement  detecting 
system,  and  a  long  and  stable  detection  of  a  dis- 
placement  of  the  surface  6. 

Referring  to  Fig.  1,  the  actuator  16  is  in  the 
form  of  a  voice  coil  motor,  having  an  excellent 
linearity  with  respect  to  a  displacement  of  the  sur- 
face  6.  This  is  due  to  the  fact  that  the  voice  coil 
motor  is  a  motor  which  presents  a  linear  displace- 
ment  with  respect  to  current  provided  to  the  mov- 
ing  coil  17.  It  will  be  thus  understood  that  a  mea- 
surement  of  current  provided  to  the  moving  coil  17 
allows  an  easy  detection  of  the  displacement 
amount  of  the  surface  6.  It  is  to  be  noted  that  the 
actuator  16  is  not  limited  to  the  voice  coil  motor, 
and  may  be  a  DC  servo  motor,  a  stepping  motor, 
or  a  voltage  element. 

Moreover,  the  method  of  obtaining  the  focus 
error  signal  E  may  be  the  optical  astigmatic  meth- 
od,  critical  angle  detecting  method,  or  knife  edge 
method.  Any  of  these  methods  carries  out  a  control 
so  that  the  focus  error  signal  E  is  0,  enabling  a 
detection  of  a  displacement  of  the  surface  6  with 
accuracy  even  if  the  reflectance  thereof  is  different. 

If  a  scale  origin  31  is  formed  on  the  linear 
scale  20,  the  displacement  amount  of  the  surface  6 
can  be  detected  with  respect  to  a  position  of  the 
scale  origin  31  as  a  reference  position. 

5  Referring  to  Fig.  7,  another  preferred  embodi- 
ment  of  the  present  invention  will  be  described. 
The  another  preferred  embodiment  is  substantially 
the  same  as  the  above  one  preferred  embodiment 
except  a  guide  member  32  through  which  the  con- 

w  necting  member  27  is  arranged.  It  is  desirable  that 
the  guide  member  32  is  disposed  on  the  extension 
line  of  the  optical  axis  21  of  the  objective  lens  5 
and  at  the  back  of  the  linear  scale  20  so  as  to 
obtain  improved  running  accuracy.  The  guide 

75  member  32  and  the  detecting  head  25  are  moun- 
ted  to  a  support  member  33  which  is  secured  to 
the  chassis  (not  shown). 

In  such  as  way,  according  to  this  embodiment, 
the  disposition  of  the  guide  member  32  contributes 

20  to  an  improvement  of  a  running  accuracy  of  the 
connecting  member  27,  resulting  in  improved  read 
accuracy  of  the  detecting  head  25  with  respect  to 
the  linear  scale  20.  A  guide  mechanism  of  the 
guide  member  32  may  be  of  the  contact  type  such 

25  as  a  bearing  or  the  like,  or  of  the  non-contact  type 
using  a  magnet  or  an  air  slide  which  enables  a 
construction  of  the  displacement  detecting  system 
with  higher  accuracy. 

Referring  to  Fig.  8,  the  other  preferred  embodi- 
30  ment  of  the  present  invention  will  be  described. 

The  other  preferred  embodiment  is  substantially 
the  same  as  the  one  preferred  embodiment  except 
a  constitution  of  the  spindle  40.  That  is,  the  spindle 
40  is  connected  to  the  linear  scale  20  at  a  lower 

35  end  thereof.  The  spindle  40  has  a  cavity  in  the 
longitudinal  direction  thereof.  The  one-chip  optical 
IC  44  of  the  optical  detector  1  is  arranged  in  the 
cavity  of  the  spindle  40  at  one  end  thereof  on  the 
side  of  the  linear  scale  20.  Moreover,  a  collimator 

40  lens  36  is  arranged  in  the  cavity  of  the  spindle  40 
at  the  one  end  thereof  on  the  side  of  the  linear 
scale  20  and  below  the  one-chip  optical  IC  44.  The 
objective  lens  6  is  arranged  in  the  cavity  40  at 
another  end  thereof.  The  spindle  40,  which  in- 

45  eludes  the  optical  detector  35,  is  constructed  so 
that  a  portion  having  the  one-chip  optical  IC  44  of 
the  optical  detector  1  and  the  collimator  36  is 
covered  by  the  main  body  34. 

According  to  this  embodiment,  since  the  one- 
50  chip  optical  IC  44  of  the  optical  detector  1  is 

arranged  in  the  cavity  of  the  spindle  44  and  inside 
of  the  main  body  34,  the  spindle  40  can  have  a 
pointed  end  as  thinned,  resulting  in  a  space-saving. 

Having  described  the  present  invention  in  con- 
55  nection  with  the  preferred  embodiments,  it  is  to  be 

noted  that  the  present  invention  is  not  limited 
thereto,  and  various  changes  and  modifications  can 
be  made  without  departing  from  the  spirit  of  the 
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present  invention. 

Claims 

1.  A  system  for  detecting  a  displacement  of  a 
surface,  comprising: 

an  objective  lens  movably  disposed  apart 
from  the  surface,  said  objective  lens  having  a 
predetermined  focal  length  and  an  optical  axis; 

one-chip  optical  integrated  circuit  means 
for  producing  laser  light  and  generating  in  re- 
sponse  to  laser  light  reflected  by  the  surface  a 
focus  error  signal  indicative  of  a  deviation  of  a 
distance  between  the  surface  and  said  objec- 
tive  lens  from  said  predetermined  focal  length; 

control  circuit  means,  connected  to  said 
one-chip  optical  integrated  circuit  means,  for 
generating  a  drive  signal  so  that  said  focus 
error  signal  is  null; 

means  for  moving  in  response  to  said 
drive  signal  said  objective  lens  in  a  direction  of 
said  optical  axis  thereof;  and 

means  for  detecting  a  displacement 
amount  of  said  objective  lens. 

2.  A  system  as  claimed  in  claim  1,  further  com- 
prising  a  spindle  interposed  between  a  main 
body  having  said  objective  lens  moving  means 
and  said  displacement  detecting  means  and  an 
optical  tracer  having  said  objective  lens  and 
said  one-chip  optical  integrated  circuit  means, 
and  a  connecting  member  interposed  between 
said  objective  lens  moving  means  and  said 
optical  tracer. 

3.  A  system  as  claimed  in  claim  2,  wherein  said 
spindle  is  formed  with  a  cavity  in  a  longitudinal 
direction  thereof,  in  which  a  lead  wire  of  said 
one-chip  optical  integrated  circuit  means  is 
disposed. 

4.  A  system  as  claimed  in  claim  3,  wherein  said 
cavity  of  said  spindle  has  one  end  portion 
facing  said  main  body  wherein  said  one-chip 
optical  integrated  circuit  means  and  a  collima- 
tor  lens  are  disposed,  and  another  end  portion 
facing  the  surface  wherein  said  objective  lens 
is  disposed,  said  one  end  portion  being  cov- 
ered  by  said  main  body. 

5.  A  system  as  claimed  in  claim  1,  wherein  said 
one-chip  optical  integrated  circuit  means  in- 
clude  a  laser  diode,  a  plurality  of  light  receiv- 
ing  elements,  and  a  prism. 

6.  A  system  as  claimed  in  claim  1,  wherein  said 
control  circuit  means  include  a  comparator  cir- 
cuit  and  a  servo  amplifier. 

7.  A  system  as  claimed  in  claim  1,  wherein  said 
objective  lens  moving  means  include  an  ac- 
tuator  having  a  moving  coil  and  a  permanent 
coil. 

5 
8.  A  system  as  claimed  in  claim  1,  wherein  said 

displacement  detecting  means  include  a  linear 
scale  and  a  detecting  head,  one  of  which  being 
disposed  on  an  axis  which  is  in  line  with  said 

w  optical  axis  of  said  objective  lens. 

9.  A  system  as  claimed  in  claim  5,  wherein  said 
plurality  of  light  receiving  elements  are  in  a 
form  of  a  photodetector  array  having  a  plurality 

75  of  strip-shaped  photodetectors  disposed  in 
parallel  rows. 

10.  A  system  as  claimed  in  claim  7,  wherein  said 
actuator  includes  a  voice  coil  motor,  a  DC 

20  servo  motor,  a  stepping  motor,  and  a  voltage 
element. 

11.  A  system  as  claimed  in  claim  8,  wherein  said 
linear  scale  is  of  an  optical  type,  a  magnetic 

25  type,  and  a  capacitive  type. 

12.  A  system  as  claimed  in  claim  1,  wherein  said 
error  signal  is  obtained  by  an  optical  astig- 
matic  method,  a  critical  angle  detecting  meth- 

30  od,  and  a  knife  edge  method 

13.  A  system  as  claimed  in  claim  2,  further  com- 
prising  a  guide  member  through  which  said 
connecting  member  is  arranged,  and  a  support 

35  member  for  supporting  said  guide  member. 

14.  A  system  for  detecting  a  displacement  of  a 
surface,  comprising: 

a  source  of  laser  light; 
40  an  objective  lens  movably  disposed  apart 

from  the  surface,  said  objective  lens  condens- 
ing  laser  light  of  said  source  to  the  surface, 
said  objective  lens  having  a  predetermined  fo- 
cal  length  and  an  optical  axis; 

45  means  for  generating  in  response  to  laser 
light  reflected  by  the  surface  a  focus  error 
signal  indicative  of  a  deviation  of  a  distance 
between  the  surface  and  said  objective  lens 
from  said  predetermined  focal  length; 

50  control  circuit  means,  connected  to  said 
focus  error  signal  generating  means,  for  gen- 
erating  a  drive  signal  so  that  said  focus  error 
signal  is  null; 

means  for  moving  in  response  to  said 
55  drive  signal  said  objective  lens  in  a  direction  of 

said  optical  axis  thereof;  and 
means  for  detecting  a  displacement 

amount  of  said  objective  lens, 
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wherein  said  source  of  laser  light  and  said 
focus  error  signal  generating  means  are  in  a 
form  of  a  one-chip  optical  integrated  circuit. 
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