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Description 

The  present  invention  relates  to  improvement  of 
an  encoder  which  utilizes  coherent  light. 

Fig.  1  shows  a  conventional  encoder  which  utiliz- 
es  coherent  light.  This  encoder  is  comprised  of  a  main 
body  7  and  a  scale  9.  The  main  body  7  incorporates 
a  semiconductor  laser  1  (which  has  one  light  beam- 
output  terminal),  a  lens  2,  a  half  mirror  3,  reflecting 
mirrors  4  and  5,  and  photodetector  6.  The  scale  9  is 
provided  with  a  large  number  of  gratings  8.  Atypical 
example  of  such  an  encoder  is  disclosed  in  U.S.  PAT 
NO.  4,868,385  U.S.P  NO.  4,883,955  and  U.S.P  NO. 
4,899,048. 

A  light  beam  10  output  from  the  output  terminal 
of  the  semiconductor  laser  1  is  converged  by  the  lens 
2,  and  is  then  divided  into  two  light  beams  11  and  12 
bythe  half  mirror  3.  Light  beams  11  and  1  2  are  reflect- 
ed  by  reflecting  mirrors  4  and  5,  respectively,  such 
that  the  reflected  light  beams  intersect  each  other. 
Thereafter,  the  light  beams  11  and  12  are  incident  on 
the  scale  9.  The  light  beams  11  and  12  are  diffracted 
by  the  gratings  8,  and  therefore  become  diffracted 
light  beams  13  and  14,  respectively.  These  diffracted 
light  beams  13  and  14  interfere  with  each  other,  and 
become  a  coherent  light  beam.  This  coherent  light 
beam  is  incident  on  the  photodetector  6,  for  measure- 
ment  of  the  beam  intensity. 

Either  the  main  body  7  or  the  scale  9  is  attached 
to  a  given  movable  object  (not  shown).  When  the  ob- 
ject  moves,  the  intensity  of  the  coherent  beam 
changes  in  proportion  to  the  distance  for  which  the 
object  moves.  Thus,  the  photodetector  6  produces  a 
signal  which  changes  in  proportion  to  that  distance. 
This  being  so,  the  encoder  can  be  used  as  a  sensor 
which  is  to  be  incorporated  in  a  micro  machine. 

In  the  above  encoder,  the  light  beam  is  output 
from  only  one  end  of  the  semiconductor  laser  1.  Due 
to  this  structure,  not  only  the  semiconductor  laser  1 
and  the  photodetector  6  but  also  the  lens  2,  the  half 
mirror  3  and  the  reflecting  mirrors  4  and  5  have  to  be 
positioned  and  fixed  with  high  accuracy.  The  encoder 
incorporating  all  these  structural  components  is  inevi- 
tably  large  in  size.  In  addition,  it  takes  time  to  position 
the  optical  components.  Further,  since  the  accuracy 
with  which  the  structural  components  are  positioned 
is  likely  to  be  degraded  by  external  vibration,  the  en- 
coder  does  not  always  ensure  high  measurement  ac- 
curacy. 

Accordingly,  an  object  of  the  present  invention  is 
to  provide  an  encoder  which  is  free  from  the  above 
problems,  i.e.,  an  encoder  which  requires  neither  a 
half  mirror  nor  reflecting  mirrors  and  is  therefore 
small  in  size,  which  lessens  or  eliminates  the  difficul- 
ty  in  positioning,  and  which  operates  reliably  regard- 
less  of  external  vibration  and  ensures  high  measure- 
ment  accuracy. 

To  achieve  this  object,  the  present  invention  pro- 

vides  an  encoder  which  comprises: 
semiconductor  laser  means  for  emitting  two 

coherent  light  beams  from  two  end  faces  thereof,  the 
end  faces  being  arranged  such  that  the  two  coherent 

5  light  beams  intersect  each  other; 
scale  means,  having  a  plurality  of  gratings,  for 

diffracting  the  two  coherent  light  beams  emitted  from 
the  end  faces  of  the  semiconductor  laser  and  for 
causing  interference  between  diffracted  light  beams, 

10  to  thereby  obtain  an  interference  light  beam;  and 
detector  means  for  receiving  the  interference 

light  beam  and  detecting  an  intensity  change  of  the  in- 
terference  light  beam,  the  detector  means  outputting 
a  signal  corresponding  to  the  intensity  change  which 

15  is  proportional  to  the  relative  moving  distance  be- 
tween  the  detector  means  and  the  scale  means. 

With  the  above  structure,  the  encoder  of  the 
present  invention  operates  as  follows.  The  semicon- 
ductor  laser  emits  two  coherent  light  beams  from  its 

20  two  end  faces,  respectively.  The  coherent  light  beams 
intersect  each  other,  due  to  the  arrangement  of  the 
end  faces,  and  are  then  incident  on  the  scale.  The  co- 
herent  light  beams  are  diffracted  by  the  gratings  of 
the  scale,  thus  producing  two  diffracted  light  beams. 

25  The  two  diffracted  light  beams  interfere  with  each 
other,  resulting  in  an  interference  light  beam.  The  in- 
tensity  of  this  interference  light  beam  is  detected  by 
the  photodetector. 

The  conventional  encoder  mentioned  above  has 
30  to  employ  a  half  mirror  and  reflecting  mirrors  since 

the  semiconductor  laser  of  the  encoder  emits  a  light 
beam  from  only  one  end  face  thereof.  The  need  to  em- 
ploy  such  structural  components  has  been  eliminated 
by  the  encoder  of  the  present  invention  since  the 

35  semiconductor  laser  employed  in  this  encoder  emits 
two  coherent  light  beams  from  the  respective  end 
faces.  Accordingly,  the  size  of  the  encoder  of  the 
present  invention  can  be  reduced.  In  the  encoder  of 
the  present  invention,  moreover,  the  semiconductor 

40  laser  and  the  photodetector  are  arranged  on  the 
same  substrate.  Accordingly,  positioning  is  not  neces- 
sary.  In  addition,  the  encoder  operates  reliably  re- 
gardless  of  external  vibration  and  provides  high 
measurement  accuracy. 

45  This  invention  can  be  more  fully  understood  from 
the  following  detailed  description  when  taken  in  con- 
junction  with  the  accompanying  drawings,  in  which: 

Fig.  1  is  a  schematic  view  showing  the  structure 
of  a  conventional  encoder; 

so  Fig.  2  is  a  schematic  view  showing  the  structure 
of  an  encoder  according  to  the  first  embodiment 
of  the  present  invention; 
Fig.  3  is  a  perspective  view  of  the  major  portion 
of  the  encoder  of  the  first  embodiment  and  illus- 

55  trates  the  state  where  the  structural  components 
of  the  encoder  are  integrally  formed  with  a  sub- 
strate; 
Fig.  4  is  a  graph  showing  how  an  output  current 
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is  related  to  the  relative  moving  distance  between 
the  scale  and  the  photodetector  of  the  encoder  of 
the  first  embodiment; 
Fig.  5  is  a  schematic  view  showing  the  structure 
of  an  encoder  according  to  the  second  embodi- 
ment  of  the  present  invention;  and 
Fig.  6  is  a  side  view  of  a  modification  of  the  scale 
employed  in  the  present  invention. 
Fig.  2  shows  an  encoder  according  to  the  first 

embodiment  of  the  present  invention.  In  Fig.  2,  refer- 
ence  numerals  20  and  30  denote  the  main  body  and 
scale  of  the  encoder,  respectively. 

The  main  body  20  is  made  up  of  a  single  substrate 
21,  a  semiconductor  laser  22  integrally  formed  with 
the  substrate  21  ,  a  photodiode  23  (which  serves  as  a 
photodetector),  monitoring  photodiodes  24  and  25, 
and  lenses  26a,  26b,  26c,  26d  and  26e. 

The  semiconductor  laser  22  is  bent  at  two  points, 
and  two  total-reflecting  surfaces  22a  and  22b  are 
formed  at  these  two  points,  respectively.  The  semi- 
conductor  laser  22  is  bent  such  that  optical  axes  41 
and  42  passing  through  the  centers  of  the  end  faces 
22c  and  22d  (from  which  a  light  beam  is  emitted)  in- 
tersect  each  other.  Photodiode  23  is  arranged  be- 
tween  the  two  end  faces  22c  and  22d  of  the  semicon- 
ductor  laser  22  such  that  it  is  located  in  a  plane  where 
light  beams  diffracted  by  the  scale  30  intersect  each 
other.  In  other  words,  the  scale  30  is  positioned  in  the 
direction  of  arrow  A  such  that  it  diffracts  the  two  light 
beams  emitted  from  the  end  faces  22c  and  22d  and 
such  that  it  allows  the  diffracted  light  beams  to  be  in- 
cident  on  the  photodiode  23.  Photodiodes  24  and  25 
are  arranged  on  the  outer  sides  of  the  two  end  faces 
22c  and  22d  of  the  semiconductor  laser  22  such  that 
they  receive  light  components  45  and  46  which  are 
emitted  by  the  end  faces  22c  and  22d  and  which  are 
reflected  by  the  scale  30.  Lens  26a  and  26b  are  lo- 
cated  in  the  vicinity  of  end  faces  22c  and  22d,  respec- 
tively,  and  lenses  26c,  26d  and  26e  are  located  in  the 
vicinity  of  photodiodes  23,  24  and  25,  respectively. 

The  scale  30  is  made  up  of  a  single  substrate  31  , 
and  a  large  number  of  gratings  32  formed  on  the  sub- 
strate  21  at  pitch  d.  A  reflecting  film,  formed  of  a  met- 
allic  material  such  as  aluminum,  gold,  or  chromium,  is 
formed  on  that  side  of  the  substrate  31  on  which  the 
gratings  32  are  arranged.  The  gratings  32  are  also 
covered  with  that  reflecting  film. 

The  semiconductor  laser  22  and  photodiodes  23- 
25  mentioned  above  are  fabricated,  for  example  in  the 
manner  shown  in  Fig.  3.  As  is  shown  in  Fig.  3,  a  single 
substrate  201  is  overlaid  with  active  layers  202  and 
203  and  with  dads  204,  205,  206  and  207.  The  active 
layers  and  the  clad  are  formed  by  crystal  growth.  Fur- 
ther,  cap  layers  208  and  209,  an  insulating  layer  210, 
and  electrodes  211  and  212  are  formed  by  deposition 
and  etching.  On  the  other  hand,  the  lenses  26a-26e 
are  formed  by  the  steps  of:  covering  the  above  struc- 
tural  elements  with  resist;  depositing  a  glass  material 

over  the  resist  by  sputtering  or  the  like;  forming  a 
lens-shaped  resist  pattern  by  photolithography;  and 
etching  the  glass  material,  with  the  lens-shaped  re- 

5  sist  pattern  as  a  mask.  As  a  result  of  these  steps,  lens- 
es  213  and  214  are  formed  in  the  vicinity  of  the  end 
faces  of  the  semiconductor  laser  and  photodiodes.  In 
the  above  fabrication  method  of  the  lenses,  the  step 
of  depositing  the  glass  material  may  be  replaced  by 

10  a  step  of  forming  a  layer  of  the  same  material  as  the 
semiconductor  laser  by  crystal  growth. 

The  light  beams  41  and  42  emitted  from  the  end 
faces  22c  and  22d  of  the  semiconductor  laser  22  are 
first  converged  by  lenses  26a  and  26b,  respectively, 

15  and  are  then  incident  on  the  scale  30  after  intersect- 
ing  each  other.  The  light  beams  41  and  42  incident  on 
the  scale  30  are  diffracted  by  the  gratings  32,  thereby 
producing  diffracted  light  beams  43  and  44.  After 
passing  through  lens  26c,  the  diffracted  light  beams 

20  43  and  44  interfere  with  each  other.  An  interference 
light  beam,  produced  by  this  interference,  falls  on 
photodiode  23,  by  which  the  intensity  of  the  interfer- 
ence  light  beam  is  detected. 

Photodiode  23  produces  a  current  which  varies  in 
25  proportion  to  the  intensity  of  the  interference  light 

beam.  Since  the  intensity  of  the  interference  light 
beam  varies  in  proportion  to  the  distance  for  which 
the  main  body  20  and  the  scale  30  move  relative  to 
each  other  in  the  direction  indicated  by  arrow  B,  the 

30  current  produced  from  photodiode  23  also  varies  in 
proportion  to  that  moving  distance.  Therefore,  by  pro- 
viding  either  the  main  body  20  or  the  scale  30  for  a 
given  movable  supporting  member,  the  distance  for 
which  the  supporting  member  moves  in  the  direction 

35  of  arrow  B  can  be  derived  from  the  value  of  the  cur- 
rent  produced  from  the  photodiode  23. 

Fig.  4  is  a  graph  showing  the  relationships  be- 
tween  the  moving  distance  and  the  value  of  the  cur- 
rent  produced  by  the  photodiode  23.  As  is  shown  in 

40  Fig.  4,  the  current  produced  by  the  photodiode  23 
changes  such  that  two  wave  cycles  of  a  sinusoidal 
wave  correspond  to  the  moving  distance  d  which  is 
equal  to  one  pitch  of  the  gratings  32.  Therefore,  the 
moving  distance  can  be  measured  with  the  accuracy 

45  corresponding  to  1/4  of  the  pitch  of  the  gratings  32, 
by  counting  the  number  of  upper  and  lower  points 
(namely,  ridges  and  troughs)  of  the  sinusoidal  wave. 
The  measuring  accuracy  (i.e.,  resolution)  can  be  im- 
proved  by  division  of  the  current  value.  Let  it  be  as- 

50  sumed  that  V  denotes  the  resolution,  N  denotes  the 
number  of  divisions  of  one  wave  cycle  of  a  sinusoidal 
wave,  and  n  denotes  the  number  of  times  at  which  dif- 
fraction  occurs.  In  this  case,  the  following  equation  is 
obtained: 

55  V  =  d/2-N-n  (1) 
In  the  case  where  n  =  1  ,  as  in  the  above  embodi- 

ment,  the  resolution  V  will  correspond  to  0.02  if 
the  number  N  of  divisions  is  40  and  the  moving  dis- 
tance  d  is  1  .6  urn. 
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In  the  meantime,  the  following  relationship  is 
known  between  the  angle  90  of  incidence  and  the  an- 
gle  91  of  diffraction: 

sin90  +  sinGi  =  Xld  (2) 
where  X  is  the  wavelength  of  a  light  beam  emitted 
from  the  laser. 

Photodiode  24  detects  the  reflected  component 
45  of  light  beam  42,  and  produces  a  current  corre- 
sponding  to  the  intensity  of  the  reflected  component 
45.  Likewise,  photodiode  25  detects  the  reflected 
component  46  of  light  beam  41  ,  and  produces  a  cur- 
rent  corresponding  to  the  intensity  of  the  reflected 
component  46.  The  intensities  of  the  reflected  com- 
ponents  45  and  46  vary  in  accordance  with  the  dis- 
tance  by  which  the  main  body  20  and  the  scale  30  are 
spaced  from  each  other  in  the  direction  of  arrow  A.  In 
the  present  invention,  the  diffracted  light  beam  is 
made  to  incident  on  photodiode  23  in  an  optimal  man- 
ner  when  the  intensities  of  the  reflected  components 
45  and  46  are  maximum,  and  the  position  of  the  main 
body  20  or  scale  30  are  controlled  by  e.g.,  a  positioner 
(not  shown)  such  that  the  intensity  of  the  reflected 
components  45  and  46  become  maximum.  Photo- 
diodes  24  and  25  do  not  detect  reflected  light  beam 
components  if  the  intensity  level  of  the  light  beam 
emitted  from  the  semiconductor  laser  22  is  too  low  or 
if  the  scale  30  is  not  at  the  predetermined  position. 
Thus,  photodiodes  24  and  25  each  serve  as  a  moni- 
tor. 

In  the  above  embodiment,  the  semiconductor 
laser,  the  photodiodes  and  the  lenses  are  integrally 
formed  on  the  same  substrate.  With  this  structure,  it 
is  not  necessary  to  position,  adhere  or  fix  each  struc- 
tural  component.  In  addition,  each  structural  compo- 
nent  is  prevented  from  being  displaced  from  the  orig- 
inal  position  even  if  external  vibration  is  applied  to  it. 
Further,  the  encoder  can  be  very  small  since  the  two 
light  beams  emitted  from  the  respective  end  faces  of 
the  semiconductor  laser  are  used  as  two  coherent 
light  beams  without  being  subjected  to  any  special 
processing. 

Fig.  5  shows  the  structure  of  an  encoder  accord- 
ing  to  the  second  embodiment  of  the  present  inven- 
tion.  In  the  encoder  of  the  second  embodiment,  a  lin- 
ear  semiconductor  laser  is  employed.  In  Fig.  5,  refer- 
ence  numeral  50  denotes  the  main  body  of  the  encod- 
er,  and  this  main  body  50  is  made  up  of  a  single  sub- 
strate  51  ,  a  semiconductor  laser  52,  light  wave  direc- 
tors  53  and  54,  a  photodiode  55,  and  lenses  56a  and 
56b.  The  semiconductor  laser  52,  the  light  wave  di- 
rectors  53  and  54,  the  photodiode  55  and  the  lenses 
56a  and  56b  are  integrally  formed  with  the  single  sub- 
strate  51  .  Light  wave  director  53  has  a  totally-reflect- 
ing  surface  53a  therein,  and  its  first  end  face  53b 
faces  one  end  face  52a  of  the  semiconductor  laser  52. 
Likewise,  light  wave  director  54  has  a  totally-reflect- 
ing  surface  54a  therein,  and  its  first  end  face  54b 
faces  the  other  end  face  52b  of  the  semiconductor 

laser  52.  The  light  wave  directors  53  and  54  are  bent 
such  that  the  optical  axes  passing  through  the  cen- 
ters  of  their  second  end  faces  53c  and  54c  intersect 

5  each  other  at  a  predetermined  point.  Photodiode  55 
is  located  between  the  second  end  faces  53c  and  54c 
of  the  lightwave  directors  53  and  54.  The  position  of 
photodiode  55  is  arranged  so  that  light  beams,  which 
are  output  from  the  second  end  faces  53c  and  54c, 

10  are  diffracted  by  the  scale  30  and  intersect  each 
other.  Lenses  56a  and  56b  are  located  in  the  vicinity 
of  the  second  end  faces  53c  and  54c  of  the  lightwave 
directors  53  and  54,  respectively.  In  the  encoder  of 
the  second  embodiment,  no  lens  is  arranged  in  front 

15  of  the  light-receiving  surface  of  the  photodiode  55 
since  this  photodiode  55  is  thick  enough  to  eliminate 
the  need  to  employ  such  a  lens. 

The  light  beams  emitted  from  the  end  faces  52a 
and  52b  of  the  semiconductor  laser  52  enter  the  light 

20  wave  directors  53  and  54  through  the  first  end  faces 
53b  and  54b,  respectively.  After  being  changed  in 
traveling  direction,  the  light  beams  are  output  from 
the  lightwave  directors  53  and  54  through  the  second 
end  faces  53c  and  54c,  respectively.  The  light  beams 

25  61  and  62  output  from  the  second  end  faces  53c  and 
54c  are  converged  by  the  lenses  56a  and  56b,  re- 
spectively,  and  are  thereafter  incident  on  the  scale 
30.  The  light  beams  61  and  62  incident  on  the  scale 
30  are  diffracted  by  the  gratings  32,  thereby  produc- 

30  ing  diffracted  light  beams  63.  The  diffracted  light 
beams  interfere  with  each  other,  and  an  interference 
light  beam,  produced  by  the  interference,  falls  on  the 
photodiode  55.  By  this  photodiode  55,  the  intensity  of 
the  interference  light  beam  is  detected. 

35  In  the  encoder  of  the  second  embodiment,  the 
semiconductor  laser  is  linear;  it  need  not  have  a  spe- 
cial  shape,  differing  from  the  first  embodiment,  be- 
cause  the  light  beams  emitted  from  the  two  end  faces 
of  the  linear  semiconductor  laser  are  guided  by  the 

40  light  wave  directors.  In  addition,  the  use  of  the  linear 
semiconductor  laser  ensures  easy  fabrication  of  the 
encoder.  As  for  the  other  structures  and  advantages, 
the  second  embodiment  is  substantially  similar  to  the 
first  embodiment. 

45  In  the  second  embodiment,  the  light  wave  direc- 
tors  may  be  constituted  by  optical  fibers.  Where  opt- 
ical  fibers  are  employed,  the  semiconductor  laser  and 
the  photodetector  can  be  designed  with  a  compara- 
tively  high  degree  of  freedom. 

so  Fig.  6  shows  a  modification  of  the  scale  em- 
ployed  in  the  present  invention.  According  to  this 
modification,  the  gratings  of  the  scale  are  formed  of 
a  material  allowing  light  transmission,  and  a  reflecting 
film  is  formed  under  the  gratings. 

55  In  Fig.  6,  reference  numeral  70  denotes  a  scale. 
This  scale  70  is  made  up  of  a  single  substrate  71  ,  a 
large  number  of  gratings  72  formed  on  the  substrate 
71  at  pitch  d,  and  a  reflecting  film  73  (such  as  a  met- 
allic  film)  formed  inside  the  substrate  71.  The  sub- 

4 
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strate  71  and  the  gratings  72  are  formed  of  a  material 
allowing  light  transmission;  for  example,  they  are 
formed  of  Si02.  The  scale  70  can  be  fabricated  by  the 
steps  of:  depositing  a  metallic  material  over  a  sub- 
strate  by  sputtering  or  the  like;  depositing  Si02  over 
the  resultant  structure;  forming  a  resist  pattern  cor- 
responding  to  gratings  by  photolithography;  and  car- 
rying  out  etching. 

The  scale  70  mentioned  above  operates  as  fol- 
lows.  Light  beams  are  guided  to  the  scale  70  from  the 
main  body  of  the  encoder.  The  light  beams  are  trans- 
mitted  through  the  gratings  72  while  being  diffracted 
thereby.  Then,  the  diffracted  light  beams  are  reflect- 
ed  by  the  reflecting  film  73,  and  are  diffracted  again 
by  the  gratings  72.  Thereafter,  the  diffracted  light 
beams  are  returned  to  the  main  body  of  the  encoder. 
Since,  as  mentioned  above,  the  resolution  is  im- 
proved  in  proportion  to  the  number  of  times  at  which 
diffraction  occurs,  the  scale  70  ensures  resolution 
which  is  twice  as  high  as  that  of  the  scale  30  which 
was  described  above  with  reference  to  the  first  and 
second  embodiments. 

The  scale  70  can  be  employed  in  the  first  and 
second  embodiments,  replacing  the  scale  30.  More- 
over,  the  scale  70  may  be  employed  in  a  conventional 
encoder,  so  as  to  improve  the  resolution. 

The  efficiency  and  other  characteristics  of  grat- 
ings  are  detailed  in  Kiyoshi  Yokomori,  "Dielectric  sur- 
face-relief  gratings  with  high  diffraction",  Applied  Op- 
tics,  Vol.  23,  No.  14  (1983),  2303.  In  this  document,  it 
is  stated  that  the  efficiency  at  which  diffracted  light  is 
produced  from  incident  light  is  70%  or  more  if  diffrac- 
tion  gratings  are  formed  by  regularly-arranged  deep 
grooves  and  if  light  is  incident  on  the  diffraction  grat- 
ings  at  an  angle  nearly  equal  to  Bragg  diffraction  an- 
gle  9B  (=sin(X/2d).  For  example,  in  the  case  where  the 
wavelength  of  the  incident  light  is  0.83  urn,  the  effi- 
ciency  becomes  highest  by  setting  the  pitch  of  the 
gratings  to  be  1.6  urn.  In  this  case,  the  electric  signal 
produced  by  the  photodiode  changes  such  that  one 
wave  cycle  of  a  sinusoidal  wave  corresponds  to  a 
moving  distance  of  0.8  urn  (which  is  1/2  of  1.6  urn). 
Therefore,  it  is  possible  to  provide  an  encoder  which 
ensures  high  resolution  and  high  efficiency,  by  em- 
ploying  the  above-mentioned  scale  70  and  causing 
diffraction  at  an  angle  nearly  equal  to  the  Bragg  dif- 
fraction  angle. 

Claims 

1.  An  encoder  which  comprises:  a  scale  (30;70) 
having  a  plurality  of  gratings  (32;72);  and  a  main 
body  (20;50)  for  emitting  two  coherent  light 
beams  to  the  scale  (30;70),  causing  interference 
between  the  two  coherent  light  beams,  and  de- 
tecting  an  intensity  change  in  an  interference 
light  beam  produced  by  the  interference,  and 

which  produces  a  signal  corresponding  to  the  in- 
tensity  change  that  is  proportional  to  a  relative 
moving  distance  between  the  scale  and  the  main 

5  body, 
characterized  in  that: 
said  main  body  includes  a  semiconductor  laser 
(22;52)  capable  of  emitting  two  coherent  light 
beams  (41  ,42;61  ,62)  emitted  from  two  end  faces 

10  (22c,22d;53c,54c)  thereof,  and  the  two  end  faces 
of  the  semiconductor  laser  are  arranged  such 
that  the  two  coherent  light  beams  (41,42;61,62) 
intersect  each  other; 
said  gratings  (32;72)  diffract  the  two  coherent 

15  light  beams  and  cause  interference  between  dif- 
fracted  light  beams,  to  thereby  obtain  an  interfer- 
ence  light  beam;  and 
said  main  body  (20;50)  includes  a  detector 
(23;55)  for  receiving  the  interference  light  beam 

20  and  detecting  the  intensity  change  of  the  interfer- 
ence  light  beam. 

2.  An  encoder  according  to  claim  1  , 
characterized  in  that  said  semiconductor  laser  in- 

25  eludes:  a  linear  semiconductor  laser  element 
(52),  and  a  pair  of  light  wave  directors  (53,54) 
each  having  a  beam-incident  end  face  (53b,54b) 
which  is  opposed  to  a  beam-emitting  end  face 
(53c,54c)  of  the  semiconductor  laser  element 

30  (52)  and  which  receives  the  coherent  light  beam, 
each  of  said  lightwave  directors  (53,54)  having  a 
bent  section  where  a  totally-reflecting  surface 
(53a,54a)  is  formed  and  being  arranged  such 
that  the  coherent  light  beams  (61,62)  intersect 

35  each  other. 

3.  An  encoder  according  to  anyone  of  claims  1  and 
2, 
characterized  in  that  said  semiconductor  laser 

40  (22,52)  and  said  detector  (23,55)  are  integrally 
formed  with  a  single  substrate  (21  ;51). 

4.  An  encoder  according  to  claim  2, 
characterized  in  that  each  of  said  light  wave  di- 

45  rectors  (53,54)  includes  an  optical  fiber. 

5.  An  encoder  according  to  anyone  of  claims  1  to  4, 
characterized  in  that: 
said  scale  (70)  includes  a  reflecting  film  (73) 

so  which  reflects  a  diffracted  light  beam,  transmitted 
through  the  gratings  (72)  and  diffracted  thereby, 
back  to  the  gratings  (72);  and 
said  gratings  (72)  are  formed  of  a  material  allow- 
ing  a  light  beam  to  be  transmitted  therethrough. 

55 

Patentanspruche 

1.  Codierer,  der  umfalit: 

5 



g EP  0  451  780  B1 10 

eine  Skala  (30;  70),  die  eine  Vielzahl  von 
Beugungsgittern  (32;  72)  hat;  und 

einen  Hauptkorper  (20;  50)  zum  Emittie- 
ren  von  zwei  koharenten  Lichtstrahlen  zur  Skala  5 
(30;  70),  wobei  eine  Interferenz  zwischen  den 
beiden  koharenten  Lichtstrahlen  verursacht  wird, 
und  Detektieren  einer  Intensitatsanderung  in  ei- 
nem  Interferenzlichtstrahl,  derdurch  die  Interfe- 
renz  erzeugt  wird,  und  der  ein  Signal  produziert,  10 
das  der  Intensitatsanderung  entspricht,  die  pro- 
portional  eines  Relativbewegungsabstandes  zwi- 
schen  der  Skala  und  dem  Hauptkorper  ist, 
dadurch  gekennzeichnet, 

daliderHauptkorpereinen  Halbleiterlaser  15 
(22;  52)  aufweist,  der  zwei  koharente  Lichtstrah- 
len  (41,42;  61,62)  emittieren  kann,  die  von  des- 
sen  beiden  Endflachen  (22c,22d;  53c,54c)  emit- 
tiertwerden,  und  dali  die  beiden  Endflachen  des 
Halbleiterlasers  so  angeordnet  sind,  daft  die  bei-  20 
den  koharenten  Lichtstrahlen  (41  ,  42;  61  ,  62)  ein- 
ander  schneiden; 

daft  die  Beugungsgitter(32;  72)  die  beiden 
koharenten  Lichtstrahlen  beugen  und  eine  Inter- 
ferenz  zwischen  gebeugten  Lichtstrahlen  verur-  25 
sachen,  um  dadurch  einen  Interferenzlichtstrahl 
zu  erhalten;  und 

dali  der  Hauptkorper  (20;  50)  einen  Detek- 
tor  (23;  55)  aufweist,  um  den  Interferenzlicht- 
strahl  zu  empfangen  und  die  Intensitatsanderung  30 
des  Interferenzlichtstrahls  zu  detektieren. 

Codierer  nach  Anspruch  1, 
dadurch  gekennzeichnet,  dali  der  Halbleiterlaser 
aufweist:  ein  lineares  Laserelement  (52),  und  35 
zwei  Lichtwellenleiter  (53,  54),  die  jeweils  eine 
strahleinfallende  Endflache  (53b,  54b)  haben,  die 
einer  strahlemittierenden  Endflache  (53c,  54c) 
des  Halbleiterlaserelements  (52)  abgewandt  ist 
und  die  einen  koharenten  Lichtstrahl  empfangt,  40 
wobei  jeder  der  Lichtwellenleiter  (53,  54)  einen 
gebogenen  Abschnitt  hat,  an  dem  eine  totalre- 
flektierende  Oberflache  (53a,  54a)  gebildet  ist 
und  so  angeordnet  ist,  dali  die  koharenten  Licht- 
strahlen  (61  ,  62)  einander  schneiden.  45 

Codierer  nach  einem  der  Anspruche  1  und  2,  da- 
durch  gekennzeichnet,  dali  der  Halbleiterlaser 
(22,  52)  und  der  Detektor  (23,  55)  einstuckig  auf 
einem  einzigen  Substrat  (21;  51)  gebildet  sind.  50 

Codierer  nach  Anspruch  2, 
dadurch  gekennzeichnet,  dali  jeder  der  Lichtwel- 
lenleiter  (53,  54)  eine  optische  Faser  enthalt. 

55 
Codierer  nach  Anspruch  1  bis  4, 
dadurch  gekennzeichnet, 

dali  die  Skala  (70)  eine  ref  lektierende  dun- 
ne  Schicht  (73)  aufweist,  die  einen  gebeugten 

Lichtstrahl,  derdurch  die  Beugungsgitter(72)  hin- 
durchgelassen  und  dadurch  gebrochen  wurde, 
zuruck  zu  den  Beugungsgittern  (72)  reflektiert; 
und 

dali  die  Beugungsgitter  (72)  aus  einem 
Material  bestehen,  das  es  dem  Lichtstrahl  er- 
laubt,  dali  er  durch  dieses  hindurchgelassen 
wird. 

Revendications 

1.  Codeur  qui  comprend:  une  regie  (30;  70)  avec 
une  plural  ite  de  reseaux  (32;  72)  et  un  corps  prin- 
cipal  (20;  50)  pour  envoyer  deux  faisceaux  lumi- 
neux  coherents  sur  la  regie  (30;  70),  en  provo- 
quant  une  interference  entre  les  deux  faisceaux 
lumineux  coherents,  et  pour  detecter  une  modifi- 
cation  d'intensite  dans  le  faisceau  lumineux  d'in- 
terference  produit  par  Interference,  et  qui  pro- 
duit  un  signal  correspondant  a  la  modification 
d'intensite  qui  est  proportionnelle  a  une  distance 
de  deplacement  relatif  entre  la  regie  et  le  corps 
principal,  caracterise  en  ce  que: 

-  ledit  corps  principal  contient  un  laser  a 
semi-conducteur  (22;  52)  capable  d'emet- 
tre  deux  faisceaux  lumineux  coherents  (41  , 
42;  61,  62)  depuis  ses  deux  faces  d'extre- 
mite  (22c,  22d;  53c,  54c)  et  les  deux  faces 
d'extremite  du  laser  a  semi-conducteur  sont 
disposees  de  telle  sorte  que  les  deux  fais- 
ceaux  lumineux  coherents  (41,  42;  61,  62) 
se  croisent, 

-  lesdits  reseaux  (32;  72)  diffractent  les  deux 
faisceaux  lumineux  coherents  et  provo- 
quent  une  interference  entre  les  faisceaux 
lumineux  diffractes  pour  obtenir  de  ce  fait 
un  faisceau  lumineux  d'interference,  et 

-  ledit  corps  principal  (20;  50)  contient  un  de- 
tecteur  (23;  55)  pour  recevoir  le  faisceau  lu- 
mineux  d'interference  et  detecter  la  modifi- 
cation  d'intensite  du  faisceau  lumineux  d'in- 
terference. 

2.  Codeur  selon  la  revendication  1,  caracterise  en 
ce  que  ledit  laser  a  semi-conducteur  contient  un 
element  rectiligne  formant  laser  a  semi- 
conducteur  (52)  et  une  paire  d'orientateurs  (53, 
54)  d'onde  lumineuse  ayant  chacun  une  face 
d'extremite  (53b,  54b)  d'arrivee  du  faisceau  qui 
est  opposee  a  une  face  d'extremite  (53c,  54c) 
d'envoi  du  faisceau  de  I'element  (52)  formant  la- 
ser  a  semi-conducteur  et  qui  recoit  le  faisceau  lu- 
mineux  coherent,  chacun  desdits  orientateurs 
(53,  54)  d'onde  lumineuse  comprenant  un  tron- 
con  courbe  ou  est  formee  une  surface  (53a,  54a) 
de  reflexion  totale  et  etant  dispose  de  telle  sorte 
que  les  faisceaux  lumineux  coherents  (61  ,  62)  se 
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croisent. 

3.  Codeur  selon  I'une  quelconque  des  revendica- 
tions  1  et  2,  caracterise  en  ce  que  ledit  laser  a  5 
semi-conducteur  (22,  52)  et  ledit  detecteur  (23, 
55)  sont  formes  en  un  seul  bloc  avec  un  seul 
substrat  (21;  51). 

4.  Codeur  selon  la  revendication  2,  caracterise  en  10 
ce  que  chacun  desdits  orientateurs  (53,  54) 
d'onde  lumineuse  contient  une  fibre  optique. 

5.  Codeur  selon  I'une  quelconque  des  revendica- 
tions  1  a  4,  caracterise  en  ce  que:  15 

-  ladite  regie  (70)  contient  un  film  reflechis- 
sant  (73)  qui  renvoie  un  faisceau  lumineux 
diffracte,  transmis  a  travers  les  reseaux 
(72)  et  diffracte  par  eux,  vers  les  reseaux 
(72),  et  20 

-  lesdits  reseaux  (72)  sont  faits  d'un  materiau 
permettant  la  transmission  d'un  faisceau  lu- 
mineux  a  travers  eux. 
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