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Description 

This  invention  relates  to  apparatus  for  measuring 
displacement  between  a  scale  having  a  periodic 
structure  and  a  read  head. 

A  known  type  of  such  apparatus  comprises  a 
plurality  of  gratings,  one  of  which  is  defined  by  the 
periodic  structure  of  the  scale.  An  illumination  means 
interacts  with  one  or  more  of  the  gratings  to  produce 
an  interaction  product  including  a  spatially  periodic 
fringe  field.  Another  of  the  gratings  forms  an  analyser 
grating  situated  in  a  position  co-planar  with  the  fringe 
field  and  having  a  periodicity  which  is  substantially  the 
same  as  the  periodicity  of  the  fringe  field,  whereby  the 
fringe  field  and  the  analyser  grating  co-operate  to  pro- 
duce  light  modulations  when,  in  operation,  the  scale 
and  the  read  head  are  displaced  one  relative  to  the 
other.  Means  are  provided  for  detecting  the  light  mod- 
ulations  in  order  to  measure  the  displacement.  Exam- 
ples  of  such  apparatus  are  shown  in  Japanese  Patent 
Application  No  Jl  59  -  182312,  and  Optical  Technol- 
ogy,  Vol  38  No  10  pages  588  -  590. 

The  known  apparatus  may  include  either  imaging 
opties  or  a  number  of  gratings  in  the  readhead,  which 
together  with  a  source  of  light  are  arranged  to  illumi- 
nate  the  periodic  structure  of  the  scale  and  interact 
therewith  to  produce  the  interaction  product  including 
the  fringe  field.  If  is  expensive  to  provide  imaging 
optics  or  gratings  in  the  read  head,  and  so  it  would  be 
advantageous  to  avoid  the  use  of  a  grating  in  the  read 
head  or  to  reduce  the  number  of  such  optics  or  grat- 
ings. 

The  present  invention  is  set  out  in  claim  1 
Examples  of  apparatus  according  to  this  inven- 

tion  will  now  be  described  with  reference  to  the 
accompanying  drawings  wherein:- 

Fig.  1  is  an  elevation  of  a  first  example  of  the 
apparatus, 
Fig.  2  is  a  plan  view  of  Fig.  1  , 
Fig.  3  is  an  unfolded  view  of  the  optical  path 
through  the  apparatus, 
Fig.  4  is  a  view  similar  to  Fig.  1  but  shows  a  sec- 
ond  example, 
Fig.  5  is  an  elevation  of  the  apparatus  according 
to  a  third  example, 
Fig.  6  is  a  plan  view  of  Fig.  5, 
Fig.  7  is  a  plan  view  of  a  fourth  example, 
Fig.  8  is  an  elevation  of  a  first  example,  corre- 
sponding  to  Fig.  5  but  showing  an  improvement, 
Fig.  9  is  a  plan  view  of  Fig.  8 
Fig.  10  is  a  more  detailed  view  of  Fig.  9,  showing 
ray  paths, 
Fig.  11  is  an  elevation  corresponding  to  Fig.  8  but 
showing  a  further  modification, 
Referring  to  Figs.  1  to  3,  a  reflective  scale  10  is 

defined  by  periodic  light  and  dark  marks  11  provided 
on  an  elongate  scale  member  12  orientated  with  refer- 
ence  to  directions  X,Y,Z.  The  marks  11  lie  in  the  X-Y 

plane  and  effectively  form  a  diffraction  grating.  A 
readhead  13  comprises  a  light  source  14  for  project- 
ing  a  beam  L  of  light  on  to  the  scale,  a  lens  1  5  for  col- 
limating  the  light,  a  prism  16  having  flat  reflective 

5  surfaces  17,18  for  reflecting  the  light  between  them 
and  the  scale,  and  a  lens  19  for  focussing  the  light  fin- 
ally  reflected  from  the  scale  on  to  an  opto-electronic 
transducer  20.  The  angle  between  the  surfaces  17,18 
is  90°.  The  readhead  is  so  positioned  that  the  sur- 

10  faces  17,18  each  lie  at  45°  to  the  X-Y  plane  and  each 
lie  at  90°  to  the  X-Z  plane.  The  surfaces  17,18  are 
therefore  concave  in  a  longitudinal  plane  normal  to 
the  scale.  The  scale  1  0  and  the  readhead  1  3  are  mov- 
able  one  relative  to  the  other  in  the  direction  X  and, 

15  as  will  be  explained,  the  optical  interaction  between 
the  scale  and  the  prism  produces  modulations  of  the 
light  beam  L,  readable  by  the  transducer  20.  A  count 
of  the  corresponding  transducer  output  by  a  counter 
21  constitutes  a  measure  of  said  movement.  Although 

20  the  counter  21  is  shown  as  part  of  the  read  read  1  3, 
it  may  in  practice  be  provided  separately. 

More  specifically,  rays  R1  produced  by  the  lens 
15  have  a  first  interaction  with  the  marks  11  of  the 
scale  at  a  location  A  whereby  the  marks  become 

25  periodic  light  sources  producing  rays  R2.  The  rays  R2 
are  reflected  by  the  surfaces  17,18  at  regions  B,C 
back  on  to  the  scale  at  a  region  D  for  a  second  interac- 
tion  with  the  marks  11  thereby  producing  diffracted 
rays  R3  projected  back  into  the  prism.  The  surfaces 

30  17,18  reflect  the  rays  R3  at  regions  E,F  back  on  to  the 
scale  for  a  third  interaction  with  the  marks  11  at  a  loca- 
tion  G  where  the  diffracted  rays  form  a  fringe  field  FF 
interacting  with  the  marks  to  produce  rays  R4.  The 
grating  formed  by  the  scale  is  not  blazed  to  favour  any 

35  particular  diffraction  order,  and  so  the  fringe  field  FF 
has  a  pitch  which  is  the  same  as  the  marks  1  1  .  During 
said  relative  movement  the  fringe  field  FF  interacts 
with  the  marks  11  to  modulate  the  rays  R4  such  that 
each  modulation  represents  one  cyclic  displacement 

40  between  the  fringe  field  and  one  pitch  of  the  marks. 
The  unfolded  view  of  Fig.  3  shows  that  the  move- 

ment  of  the  scale  relative  to  the  light  beam  Latthe  reg- 
ions  A,D,G  occurs  in  directions  X1,  X2  and  X3 
respectively.  It  will  be  seen  that  the  direction  X2  is 

45  opposite  to  the  directions  X1  ,  X3,  because  of  the  rev- 
ersal  produced  by  the  arrangement  of  the  reflective 
surfaces  17,18.  Thus  for  every  passage  of  a  pitch  of 
the  marks  relative  to  the  beam  L  at  the  region  A,  four 
fringes  of  the  field  FF  pass  relative  to  each  pitch  of  the 

so  marks  11  at  the  region  G.  Therefore  the  counter  21 
produces  four  counts  for  every  one  pitch  movement 
of  the  scale  and  in  this  way  a  four-fold  interpolation  of 
the  scale  movement  is  achieved.  This  is  a  significant 
advantage  over  prior  art  devices. 

55  It  should  be  noted  that  the  device  described  is 
relatively  insensitive  to  the  stand-off  distance  SO  be- 
tween  the  scale  and  the  reflector.  In  such  a  triple 
interaction  device,  the  condition  for  producing  a  fringe 
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field  with  the  required  pitch  is  that  the  path  length  from 
the  first  interaction  to  the  second  should  equal  that 
from  the  second  interaction  to  the  third.  Since  both 
these  path  lengths  involve  a  reflection  by  the  reflector, 
they  depend  to  the  same  extent  on  the  stand-off  dis- 
tance,  and  the  condition  is  satisfied  automatically  if 
the  stand-off  varies. 

Changing  the  stand-off  distance,  SO,  between 
the  prism  16  and  the  scale  10  changes  the  phase  of 
the  transducer  output,  and  two  or  more  (preferably 
three)  prisms  at  appropriately  different  distances  SO 
may  be  used  to  establish  phase  quadrature  signals  for 
determining  direction  of  scale  reading  and,  if  desired, 
for  further  interpolation.  The  outputs  of  a  respective 
transducer  20  for  each  prism  are  taken  to  a  circuit 
such  as  described  in  International  Patent  Application 
No.  WO87/07943  for  this  purpose.  A  similar  effect  is 
obtained  by  positioning  a  simple  prism  1  6  so  as  to  pro- 
duce  moire  fringes  at  the  region  G,  e.g.  by  a  small  tilt 
of  the  prism  about  an  axis  in  the  X,Y  or  the  Z  direction. 
A  plurality  of  transducers  20  is  arranged  laterally 
across  the  scale  so  as  to  view  different  phases  of  the 
moire  fringes,  as  explained  in  the  book  by  Hutley  cited 
above. 

In  a  second  example  (Fig.  4)  the  scale  is  in  the 
form  of  a  phase  grating  310  and  diffraction  takes 
place  at  each  of  the  regions  A,D,G.  This  generates 
quadrature  modulation  of  the  diffracted  orders  in  the 
part  of  the  beam,  3L,  emanating  from  the  region  G,  in 
the  sense  that  the  -1,  0  and  +1  order  have  different 
phases  of  the  light  modulation.  A  lens  319  focusses 
these  diffracted  orders  on  to  three  respective  trans- 
ducers  220,  whose  outputs  are  processed  as  des- 
cribed  in  WO87/07943. 

In  a  fourth  example  (Fig.  6,7),  there  is  provided  a 
readhead  613  having  three  reflective  surfaces  in  the 
form  of  a  corner  cube  retroreflector  616.  This 
arrangement  is  insensitive  to  yaw  error,  that  is,  error 
in  the  relative  position  of  the  readhead  about  an  axis 
in  the  Z  direction.  Otherwise,  however,  it  works  in  a 
similar  manner  to  the  example  of  Figs.  1  and  2. 
Because  of  the  yaw  insensitivity,  it  is  also  possible  to 
arrange  such  a  read  head  laterally  across  the  scale, 
instead  of  longitudinally  along  it.  Afifth  read  head  213 
having  a  retroreflector  216  arranged  in  this  manner  is 
shown  in  Fig.  8.  In  this  case,  operation  is  as  in  the  first 
example,  but  triangulation  errors  due  to  variations  in 
the  stand-off  distance  are  substantially  eliminated. 

In  the  examples  of  Figs.  6-8,  the  corollary  of  the 
yaw  insensitivity  is  that  moire  fringes  cannot  be  pro- 
duced  by  misaligning  the  read  head.  Figs.  9-12  there- 
fore  show  modifications  which  enable  phase 
information  to  be  obtained  for  determining  the  direc- 
tion  of  travel  and  for  interpolation. 

Referring  to  Figs.  9  to  11,  the  device  shown  is 
generally  similar  to  the  examples  above,  in  that  it  has 
a  scale  10  having  periodic  marks,  over  which  a 
readhead  13  is  movable  in  a  longitudinal  direction. 

The  readhead  13  includes  a  light  source  14  (such  as 
a  light  emitting  diode),  a  corner  cube  retro-reflector 
516,  and  three  laterally  spaced  detectors  120,  220, 
320.  The  lightfrom  the  source  14  is  collected  by  a  lens 

5  15,  which  however  does  not  produce  a  parallel  colli- 
mated  beam  -  the  beam  is  still  slightly  divergent  so 
that  it  can  be  considered  as  producing  several  slightly 
divergent  rays  as  described  below.  In  particular  three 
such  rays  are  described  below,  being  the  rays  which 

w  end  up  at  the  detectors  120,220,320. 
Fig.  9  shows  that  the  path  of  one  such  ray  has  a 

first  leg  L1  to  an  interaction  with  the  scale  1  0  at  a  point 
A.  It  is  then  reflected  along  a  leg  L2,  and  retro-reflec- 
ted  by  the  retro-reflector  516  along  a  leg  L3  to  have 

15  a  second  interaction  with  the  scale  at  a  point  D.  The 
resulting  fringes  pass  along  a  leg  L4  and  are  further 
retro-reflected  by  the  retro-reflector  along  a  leg  L5  to 
have  a  third  interaction  with  the  scale  at  a  point  G.  The 
resulting  modulated  light  passes  along  a  leg  L6  of  the 

20  ray  to  the  detector.  In  Fig.  11  ,  the  legs  L1  -  L6  of  the 
ray  are  shown  by  thicker  lines,  while  internal  reflec- 
tions  within  the  retro-reflector  are  shown  by  thinner 
lines. 

As  described  in  the  previous  examples,  the  result 
25  of  the  reflection  from  point  A  to  point  D  is  to  produce 

a  fringe  field  at  point  G,  having  the  same  periodicity 
as  the  scale.  The  fringes  of  this  field  then  interact 
further  with  the  scale  at  point  G  (by  a  kind  of  "shutter- 
ing"  effect)  to  produce  light  modulations  which  can  be 

30  detected  by  the  detectors  120,  220,  320. 
Unlike  the  systems  of  the  previous  examples,  the 

present  embodiments  of  the  invention  provide  some 
means  for  introducing  different  phase  shifts  into  the 
rays  which  reach  the  detectors.  More  particularly,  the 

35  different  rays  have  interactions  with  the  scale  at  dif- 
ferent  phase  angles  of  the  scale  pitch.  This  alters  the 
phasing  of  the  resulting  detected  fringes.  They  can 
then  be  analysed  to  produce  direction  information,  in 
a  similar  manner  to  the  moire  fringes  produced  by  mis- 

40  aligning  a  prism  or  mirror  reflector. 
In  Fig.  9,  this  phase  shift  means  comprises  a  sim- 

ple  parallel-sided  glass  plate  mounted  within  the 
readhead  13.  As  can  be  seen  from  Figs.  10  &  11,  the 
glass  plate  30  only  extends  partially  across  the  width 

45  of  the  scale  10.  In  particular,  considering  the  ray  1  in 
Fig.  11,  which  is  a  'straight-through'  ray  from  the 
source  14  to  the  centre  detector  120,  none  of  the  legs 
L1  to  L6  of  this  ray  pass  through  the  plate  30.  Conse- 
quently,  the  plate  introduces  no  phase  shift  at  all  to 

so  this  ray.  In  contrast  to  this,  ray  2  (which  goes  to  the 
detector  220)  passes  through  the  plate  30  on  leg  L2 
(between  the  points  A  and  D)  and  on  leg  L5  (between 
the  points  D  and  G).  Transmission  through  the  glass 
plate  at  an  oblique  angle  produces  an  offset  in  the 

55  path  of  the  ray,  by  refraction  so  that  it  interacts  with  the 
scale  10  slightly  further  along  the  scale  than  ray  1,  at 
a  different  phase  angle  of  the  scale  pitch.  It  also 
travels  a  greater  distance  than  would  otherwise  be 
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the  case,  but  it  will  be  seen  that  the  increase  in  the 
path  length  is  the  same  in  legs  L2  and  L5,  so  that  there 
is  still  equality  of  path  length  between  the  points  of 
interaction  A,  D  and  the  points  D,  G.  This  equality  of 
path  length  is  important  for  producing  the  desired 
fringes,  as  discussed  above. 

A  simple  readhead  could  just  make  use  of  the  two 
rays,  ray  1  and  ray  2  just  described.  The  thickness  of 
the  plate  30  is  chosen  so  that  the  detectors  120,  220 
produce  quadrature  sine  and  cosine  outputs.  These 
are  fed  to  a  counter  and/or  interpolator,  in  a  well 
known  manner.  Because  there  are  now  the  two  sepa- 
rate  quadrature  outputs  from  the  readhead,  it  is  poss- 
ible  to  derive  the  necessary  direction  information  (as 
well  as  the  count  of  the  distance  moved)  from  the 
single  readhead,  whereas  our  earlier  application 
required  two  or  more  read  heads  to  provide  such  infor- 
mation.  The  direction  is  given  by  the  relative  phases 
of  the  quadrature  outputs,  as  is  well  known. 

Fig.  11  also  shows  a  third  ray,  ray  3,  which  passes 
through  the  glass  plate  30  on  legs  L3  and  L4,  but  not 
on  legs  L2  and  L5.  This  ray  ends  up  at  the  detector 
320,  to  produce  a  third  phase  shifted  output  which  can 
be  combined  with  the  outputs  of  detectors  120,  220. 
These  three  signals  can  be  arranged  to  be  in  tripliture, 
and  combined  by  circuits  of  the  type  disclosed  in  Figs. 
16  &  17  of  our  earlier  International  Patent  Speci- 
fication  No.  W087/07943,  in  order  to  give  quadrature 
outputs. 

Although  Figs.  9  to  11  show  the  length  of  the  plate 
30  to  be  sufficiently  long  that  the  ray  2  also  passes 
through  it  on  legs  L1  and  L6  of  its  path,  as  well  as  legs 
L2  and  L5,  this  has  no  effect  in  practice.  The  place  in 
which  it  is  particularly  desired  to  introduce  an  offset 
along  the  scale,  so  as  to  give  a  relative  phase  shift  (of 
equal  amounts)  between  the  resulting  fringe  patterns, 
is  between  the  points  A,  D  and  the  points  D,  G. 

The  system  is  relatively  tolerant  to  misalignments 
of  the  plate  30  such  that  it  is  not  parallel  to  the  scale 
1  0.  The  use  of  a  retro-reflector  means  that  the  system 
is  also  relatively  tolerant  to  yaw  misalignments  of  the 
retro-reflector,  since  such  a  device  has  the  property 
of  always  returning  an  incident  ray  in  a  parallel  direc- 
tion,  whatever  its  alignment.  It  follows  that  the  system 
described  is  very  insensitive  to  misalignment  of  the 
readhead  as  a  whole  relative  to  the  scale. 

In  theory,  the  three  outputs  of  the  detectors  120, 
220,  or  320  shown  in  Fig.  11  cannot  be  combined  in 
the  manner  disclosed  in  Figs.  16  and  17  of  speci- 
fication  no. 

W087/07943,  because  the  phase  shifts  of  the 
detectors  320  and  220  relative  to  the  detector  120  are 
identical  (because  both  ray  2  and  ray  3  have  passed 
through  the  glass  plate  30  on  two  legs  of  their  paths). 
However,  in  practice  we  have  found  that  useful  results 
are  nevertheless  obtained.  We  presently  attribute  this 
to  misalignments  in  the  setup  of  the  apparatus,  such 
that  the  phase  shifts  of  ray  2  and  ray  3  are  not  exactly 

equal. 
Fig.  12  shows  an  improvement  over  Fig.  11  inten- 

ded  to  give  different  phase  shifts  to  each  of  the  three 
rays,  ray  1  ,  ray  2,  ray  3.  Here,  a  glass  plate  is  used 

5  which  has  a  thickness  t  for  most  of  its  length,  except 
for  a  central  region  30A  which  has  a  double  thickness 
of  2t.  Such  a  double  thickness  can  easily  be  produced 
by  bonding  together  two  pieces  of  glass  of  thickness 
t.  The  result  is  that  ray  2,  on  its  legs  L2  and  L5,  passes 

10  through  the  plate  at  a  region  where  it  has  the  single 
thickness  t;  whereas  ray  3  passes  through  the  glass 
on  its  legs  L3  and  L4  where  there  is  a  double  thick- 
ness  2t.  Consequently,  ray  3  has  twice  the  offset  and 
its  fringes  have  twice  the  phase  shift  (relative  to  ray 

15  1  )  of  ray  2.  Put  another  way,  ray  1  will  lead  ray  2  by  a 
phase  shift  which  is  equal  to  the  phase  shift  by  which 
ray  3  lags  ray  2.  Such  a  phase  relationship  of  the  three 
outputs  of  the  detectors  is  ideal  for  feeding  to  the  trip- 
liture  combination  circuit  described  in  Figs.  16  and  17 

20  of  International  Specification  No.  W087/07943, 
because  of  the  symmetry  of  the  phase  shifts.  Of 
course,  it  is  likely  that  the  phase  difference  between 
ray  1  and  ray  2  will  not  be  exactly  equal  to  that  be- 
tween  ray  2  and  ray  3,  but  the  arrangements  shown 

25  in  W087/07943  are  specifically  designed  to  produce 
outputs  which  are  accurately  in  quadrature  (sine  and 
cosine)  from  such  imperfect  inputs  so  as  to  allow  the 
derivation  of  direction  information  and  to  allow  inter- 
polation  of  the  signals. 

30  The  same  effect  as  shown  in  Fig.  12  can  be  pro- 
duced  in  other  ways.  For  example,  the  central  region 
30A  of  the  plate  30  could  have  a  different  refractive 
index  from  the  rest  of  the  plate,  instead  of  a  different 
thickness,  though  this  might  be  difficult  to  put  into 

35  practice. 
The  actual  phase  shift  introduced  is  also  affected 

by  the  angle  of  the  plate  30  relative  to  the  scale  (it  not 
parallel)  and  by  the  angle  of  incidence  of  the  light  ray 
onto  the  plate  (which  is  governed  by  the  relative  orien- 

40  tations  of  the  source  and  the  detectors).  Thus,  to  pro- 
duce  different  phase  shifts  for  ray  2  and  ray  3,  one 
could  use  a  complex  plate  which  was  tilted  at  a  diffe- 
rent  angle  in  the  region  of  legs  L3  and  L4  than  in  the 
regions  of  legs  L2  and  L5.  Alternatively,  to  alter  the 

45  relative  orientation  of  the  source  and  detectors  as  be- 
tween  ray  2  and  ray  3,  one  could  arrange  the  detec- 
tors  in  a  diagonal  line,  spaced  apart  longitudinally  as 
well  as  laterally,  as  shown  at  1  20,  220',  320'  in  Fig.  1  0. 
A  similar  effect  can  be  produced  by  orienting  the 

so  readhead  relative  to  the  scale  in  the  manner  shown  in 
Fig.  8. 

It  will  be  seen  that  the  noted  disadvantages  of 
Figs.  6-8  are  essentially  overcome  by  having  at  least 
two  detectors  in  the  readhead,  with  the  paths  of  rays 

55  to  the  respective  detectors  being  so  arranged  as  to 
introduce  a  phase  shift  of  one  resulting  fringe  pattern 
relative  to  the  other.  Naturally,  the  use  of  a  glass  plate 
such  as  the  plate  30  is  only  one  possible  means  for 
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producing  this  end  and  many  other  such  means  of 
introducing  a  phase  shift  can  be  envisioned. 

A  reason  for  preferring  a  triple  interaction  over  a 
double  interaction,  therefore,  is  that  the  light  source 
can  be  diffuse  and  broad-band  (non-coherent)  thus 
saving  the  expense  of  a  laser  diode.  Moreover,  the 
double  interaction  only  produces  two  or  three  counts 
at  the  transducer  for  every  single  pitch  movement  of 
the  scale,  instead  of  the  four  counts  of  the  example 
shown  in  Fig.  1. 

It  is  also  possible  to  have  a  simple  version  of  a 
system  such  as  in  Fig.  9,  with  point  or  line  source  and 
detectors  only  two  interactions  (at  points  A  and  D). 
However,  as  before  it  is  preferred  to  have  three 
interactions  because  this  produces  a  significant  mul- 
tiplication  of  the  effect  detected  and  consequently  a 
greater  resolution.  It  also  enables  the  use  of  extended 
source  and  detectors  rather  than  point  or  line  source 
and  detectors. 

Claims 

1.  Apparatus  for  measuring  displacement  be- 
tween  a  scale  (10)  having  a  periodic  structure  and  a 
read  head  (13),  comprising:- 

first  grating  means  (10); 
illuminating  means  (14,15)  for  illuminating  said 

first  grating  means  (10)  and  interacting  therewith  to 
produce  a  first  interaction  product; 

second  grating  means  (10)  situated  in  the  light 
path  of  the  first  interaction  product  and  interacting 
therewith  to  produce  a  second  interaction  product 
including  a  spatially  periodic  fringe  field; 

third  grating  means  (10)  situated  in  a  position 
co-planar  with  the  fringe  field  and  having  a  periodicity 
which  is  substantially  the  same  as  the  periodicity  of 
the  fringe  field,  whereby  the  fringe  field  and  the  third 
grating  means  (10)  co-operate  to  produce  light  mod- 
ulations  when,  in  operation,  the  scale  (10)  and  the 
read  head  (1  3)  are  displaced  one  relative  to  the  other; 
and 

means  (19,20)  for  detecting  said  modulations; 
characterised  in  that 
all  three  of  said  grating  means  (10)  are  consti- 

tuted  by  said  periodic  structure  of  the  scale  (10);  and 
the  read  head  (13)  includes  reflector  means 

(16)  positioned  in  the  light  path  of  both  the  first  and 
second  interaction  products  to  reflect  said  interaction 
products  back  onto  the  scale  (10). 

2.  Apparatus  according  to  claim  1,  wherein  the 
reflector  means  (16)  comprises  two  reflecting  sur- 
faces  (17,18)  which  are  at  an  angle  to  each  other  so 
as  to  be  concave  in  a  longitudinal  plane  normal  to  the 
scale  (10). 

3.  Apparatus  according  to  claim  1  or  claim  2,  whe- 
rein  the  reflector  means  (16)  comprises  a  retro-reflec- 
tor  (516). 

4.  Apparatus  according  to  any  one  of  the  preced- 
ing  claims,  wherein  said  detecting  means  comprises 
at  least  two  detectors  (120;220;320;420),  each 
arranged  to  detect  modulations  produced  by  a  res- 

5  pective  said  fringe  field,  the  read  head  (16)  including 
phase  shifting  means  (30)  for  shifting  the  phase  of 
one  said  fringe  field  relative  to  the  other. 

5.  Apparatus  according  to  claim  4  wherein  the 
phase  shifting  means  comprises  a  glass  plate  (30). 

10  6.  Apparatus  according  to  claim  3  wherein  the  ret- 
roreflector  (156)  is  a  corner  cube  retroreflector. 

7.  Apparatus  according  to  claim  1  or  claim  2  whe- 
rein  the  reflector  means  is  a  prism  (16). 

8.  Apparatus  according  to  any  one  of  the  preced- 
15  ing  claims  wherein  the  periodic  structure  of  the  scale 

(10)  is  provided  by  spaced  apart  parallel  lines  (11), 
and  the  illuminating  means  (14,15)  and  detecting 
means  (19,20)  are  spaced  apart  in  the  direction  of 
spacing  of  the  lines  (11). 

20  9.  Apparatus  according  to  any  one  of  claims  1  to 
7  wherein  the  periodic  structure  of  the  scale  (10)  is 
provided  by  spaced  apart  parallel  lines  (11),  and  the 
illuminating  means  (14,15)  and  detecting  means 
(19,20)  are  spaced  apart  in  a  direction  perpendicular 

25  to  the  spacing  of  the  lines  (11). 

Patentanspruche 

30  1.  Vorrichtung  zum  Messen  einer  Verschiebung 
zwischen  einer,  eine  periodische  Struktur  aufweisen- 
den  Skala  (10)  und  einem  Lesekopf  (13),  umfassend 

erste  Gittermittel  (10); 
Beleuchtungsmittel  (14,  15)  zum  Beleuchten 

35  der  ersten  Gittermittel  (1  0)  und  wechselwirkend  damit 
zur  Erzeugung  eines  ersten  Wechselwirkungsergeb- 
nisses; 

zweite  Gittermittel  (10),  die  im  Lichtweg  des 
ersten  Wechselwirkungsergebnisses  angeordnet 

40  sind  und  damit  in  Wechselwirkung  zur  Erzeugung 
eines  zweiten  Wechselwirkungsergebnisses  stehen, 
welches  ein  raumlich  periodisches  Streifenfeld  ent- 
halt; 

dritte  Gittermittel  (10),  die  in  einer  zu  dem 
45  Streifenfeld  co-planaren  Position  angeordnet  sind 

und  im  wesentlichen  die  gleiche  Periodizitat  wie  das 
Streifenfeld  aufweisen,  wobei  das  Streifenfeld  und 
das  dritte  Gittermittel  (10)  zusammenwirken,  urn 
Lichtmodulationen  zu  erzeugen,  falls  wahrend  des 

so  Betriebes  die  Skala  (1  0)  und  der  Lesekopf  (1  3)  relativ 
zueinander  verschoben  werden;  und 

Mittel  (19,20)  zum  detektieren  der  erwahnten 
Modulationen; 

dadurch  gekennzeichnet  , 
55  dali  alle  drei  Gittermittel  (1  0)  durch  eine  perio- 

dische  Struktur  auf  der  Skala  (10)  gebildet  sind;  und 
dali  der  Lesekopf  (13)  Reflektormittel  (16) 

umfalit,  die  im  Lichtweg  von  sowohl  dem  ersten  als 
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auch  dem  zweiten  Wechselwirkungsergebnis  positio- 
niert  sind,  urn  die  Wechselwirkungsergebnisse  auf 
die  Skala  (10)  zuruckzureflektieren. 

2.  Vorrichtung  nach  Anspruch  1,  wobei  das 
Reflektormittel  (16)  zwei  reflektierende  Oberflachen 
(17,  18)  umfalit,  welche  so  in  einem  Winkel  zuein- 
ander  stehen,  dali  sie  in  einer  longitudinalen  Ebene 
senkrecht  zur  Skala  (10)  konkav  sind. 

3.  Vorrichtung  nach  Anspruch  1  oder  2,  wobei 
das  Reflektormittel  (16)  einen  Retroreflektor  (516) 
umfalit. 

4.  Vorrichtung  nach  einem  der  vorhergehenden 
Anspruche,  wobei  das  Detektiermittel  mindestens 
zwei  Detektoren  (120,  220,  320,  420)  umfalit,  wobei 
jeder  so  angeordnet  ist,  dali  Modulationen,  erzeugt 
durch  ein  jeweiliges  Streifenfeld,  detektiert  werden, 
und  wobei  der  Lesekopf  (16)  Phasenverschiebungs- 
mittel  (30)  zum  Verschieben  der  Phase  eines  der 
Streifenfelder  relativ  zum  anderen  umfalit. 

5.  Vorrichtung  nach  Anspruch  4,  wobei  das  Pha- 
senverschiebungsmittel  eine  Glasplatte  (30)  umfalit. 

6.  Vorrichtung  nach  Anspruch  3,  wobei  der  Retro- 
reflektor  (516)  ein  Eckwurfelretroreflektor  ist. 

7.  Vorrichtung  nach  Anspruch  1  oder  2,  wobei 
das  Reflektormittel  ein  Prisma  (16)  ist. 

8.  Vorrichtung  nach  einem  der  vorherigen 
Anspruche,  wobei  die  periodische  Struktur  auf  der 
Skala  (10)  durch  voneinander  getrennte,  parallele 
Linien  (11)  gebildet  ist  und  die  Beleuchtungsmittel 
(14,  15)  und  Detektiermittel  (19,  20)  in  Richtung  der 
Abstande  der  Linien  (11)  beabstandet  sind. 

9.  Vorrichtung  nach  einem  der  Anspruche  1  bis  7, 
wobei  die  periodische  Struktur  auf  der  Skala  (10) 
durch  voneinander  getrennte,  parallele  Linien  (11) 
gebildet  ist  und  die  Beleuchtungsmittel  (14,  15)  und 
Detektiermittel  (19,  20)  senkrecht  zur  Richtung  der 
Abstande  der  Linien  (11)  beabstandet  sind. 

Revendications 

1.  Appareil  de  mesure  d'un  deplacement  entre 
une  echelle  (10)  dotee  d'une  structure  periodique  et 
une  tete  de  lecture  (13),  comprenant: 

un  premier  selecteurde  mode  (10); 
des  moyens  d'eclairage  (14,  15)  poureclairer 

led  it  premier  moyen  de  selection  de  mode  (1  0)  et  inte- 
ragir  avec  lui,  pour  produire  un  premier  produit  d'inte- 
raction; 

un  second  selecteur  de  mode  (10)  situe  dans 
la  trajectoire  de  la  lumiere  du  premier  produit  d'inte- 
raction  et  interagissant  avec  ce  dernier,  pour  produire 
un  second  produit  d'interaction  comprenant  un  champ 
marginal  spatialement  periodique; 

un  troisieme  selecteurde  mode  (1  0)  situe  dans 
une  position  coplanaire  avec  le  champ  marginal  et 
presentant  une  periodicite  qui  est  sensiblement  egale 
a  la  periodicite  du  champ  marginal,  de  facon  que  le 

champ  marginal  et  le  troisieme  selecteur  de  mode 
(10)  cooperent  pour  produire  des  modulations  de 
lumiere  lorsqu'en  fonctionnement,  I'echelle  (10)  et  la 
tete  de  lecture  (13)  sont  deplacees  I'une  par  rapport 

5  a  I'autre;  et 
des  moyens  (19,  20)  pour  detecter  lesdites 

modulations; 
caracterise  en  ce  que: 
les  trois  dits  selecteurs  de  mode  (1  0)  sont  tous 

10  constitues  de  ladite  structure  periodique  de  I'echelle 
(10)  ;  et 

la  tete  de  lecture  (13)  comprend  un  moyen 
reflecteur  (16),  positionne  dans  la  trajectoire  de  la 
lumiere  des  premier  et  second  produits  d'interaction, 

15  pour  renvoyer  par  reflexion  lesdits  produits  d'interac- 
tion  sur  I'echelle  (10). 

2.  Appareil  selon  la  revendication  1,  dans  lequel 
le  moyen  reflecteur  (16)  comprend  deux  surfaces 
ref  lechissantes  (1  7,  1  8),  qui  forment  un  certain  angle 

20  entre  elles  de  facon  a  etre  concaves  dans  un  plan  lon- 
gitudinal  perpend  iculaire  a  I'echelle  (10). 

3.  Appareil  selon  la  revendication  1  ou  2,  dans 
lequel  le  moyen  reflecteur  (16)  comprend  un  retrore- 
flecteur(516). 

25  4.  Appareil  selon  I'une  quelconque  des  revendi- 
cations  precedentes,  dans  lequel  ledit  moyen  de 
detection  comprend  au  moins  deux  detecteurs  (120; 
220;  320;  420),  agences  chacun  pour  detecter  des 
modulations  produites  par  un  dit  champ  marginal 

30  correspondant,  la  tete  de  lecture  (16)  comprenant  un 
moyen  de  dephasage  (30)  pourchanger  la  phase  d'un 
dit  champ  marginal  correspondant  par  rapport  a 
I'autre. 

5.  Appareil  selon  la  revendication  4,  dans  lequel 
35  le  moyen  de  dephasage  comprend  une  plaque  en 

verre  (30). 
6.  Appareil  selon  la  revendication  3,  dans  lequel 

le  retroreflecteur  (156)  est  un  retroreflecteur  a  coin 
carre. 

40  7.  Appareil  selon  la  revendication  1  ou  2,  dans 
lequel  le  moyen  reflecteur  est  un  prisme  (16). 

8.  Appareil  selon  I'une  quelconque  des  revendi- 
cations  precedentes,  dans  lequel  la  structure  periodi- 
que  de  I'echelle  (10)  est  pourvue  de  lignes  paralleles 

45  (11)  espacees  entre  elles  et  les  moyens  d'eclairage 
(14,  15)  et  les  moyens  de  detection  (19,  20)  sont 
espaces  dans  la  direction  d'espacement  des  lignes 
(11)  . 

9.  Appareil  selon  I'une  quelconque  des  revendi- 
50  cations  1  a  7,  dans  lequel  la  structure  periodique  de 

I'echelle  (10)  est  pourvue  de  lignes  paralleles  (11) 
espacees  entre  elles  et  les  moyens  d'eclairage  (14, 
1  5)  et  les  moyens  de  detection  (1  9,  20)  sont  espaces 
dans  une  direction  perpendiculaire  a  I'espacement 

55  des  lignes  (11). 
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