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Description 

This  invention  relates  to  the  field  of  measure- 
ment  of  distances  and  more  particularly  to  rapid 
non-contact  distance  measurement.  It  is  particularly 
well  suited  to  measuring  the  profile  of  a  moving 
surface;  accurately  measuring  the  distance  to  an 
object;  measuring  the  thickness  of  an  object  by 
means  of  two  measuring  heads;  and  measuring  the 
shape  of  simple  objects. 

Most  commercial  profilers  work  by  dragging  a 
stylus  across  the  surface  of  the  object  to  be  pro- 
filed.  These  devices  suffer  from  the  problem  that 
they  may  alter  or  damage  the  surface  as  a  result  of 
their  passage.  The  invention  described  hereunder, 
being  a  non-contact  device,  does  not  suffer  from 
this  problem. 

Many  non-contact  distance  measuring  devices, 
whether  used  for  profilometry  or  distance  measure- 
ment,  rely  on  fringe  counting.  As  a  result,  when 
step  changes  in  the  height  or  distance  occur,  they 
lose  track  of  the  absolute  distance.  The  present 
device  is  able  to  keep  track  of  the  absolute  dis- 
tance  within  a  broad  range. 

Another  problem  common  to  non-contact 
height  measuring  devices  is  that  while  their  height 
resolution  is  good,  their  lateral  resolution  generally 
is  not.  This  becomes  important  when  the  surface 
being  measured  is  very  rough  or  when  the  height 
of  a  small  element  of  surface  is  required.  The 
current  invention  combines  good  lateral  resolution 
with  good  height  resolution. 

The  range  of  techniques  for  measuring  sur- 
faces  is  discussed  in  "Surface  Metrology  Instru- 
mentation"  by  D.J.  Whitehouse  (J.  Phys.  E:  Sci. 
Instrum.  20  (1987)  pages  1145-1155).  Various  non- 
contact  measurement  arrangements  are  disclosed 
in  "Optical  Profilometer  for  Measuring  Surface 
Contours  of  1  to  150  Microns  Depth"  by  H.P. 
Kleinknecht  and  H.  Meier  (Laboratories  RCA,  Ltd., 
Zurich,  Switzerland);  "Electro-Optic  Surface  Profiler 
by  J.W.  Buechele  and  N.B.  Seebe"  (IBM  Technical 
Disclosure  Bulletin  Vol  26  No.  3B  August  1983); 
"Surface  Profile  Measurement  with  a  Dual-Beam 
Optical  System"  by  David  Y.  Lou  et  al.  (Applied 
Optics  Vol.  23,  No.  5  of  1  March  1984,  pages  746- 
751);  "Optical  Profilometer:  A  Practical  Approxi- 
mate  Method  of  Analysis"  by  Marek  Dobosz  (Ap- 
plied  Optics,  Vol.  22,  No.  24,  15  December  1983, 
page  3983). 

For  almost  all  height  measuring  devices  and 
profilers,  both  contact  and  non-contact,  the  relative 
velocity  between  the  instrument  sensing  point  and 
the  surface  being  measured  must  be  relatively  low 
in  order  to  measure  the  surface  profile  with  ade- 
quate  accuracy.  The  present  invention  is  able  to 
operate  with  high  relative  velocities  while  measur- 
ing  the  surface  position.  This  makes  it  ideal  for 

surface  profilometry  or  positioning  in  a  manufactur- 
ing  environment,  where  speed  is  important. 

While  the  present  invention,  in  one  form,  em- 
ploys  one  aspect  of  the  standard  confocal  micro- 

5  scope  for  its  operation,  it  differs  in  an  important 
aspect,  it  is  confocal  in  only  one  dimension.  In  the 
standard  confocal  microscope,  if  the  surface  is 
moved  in  a  plane  perpendicular  to  the  axis  of  the 
microscope,  small  surface  height  variations  result 

io  in  large  signal  intensity  variations,  in  comparison 
with  conventional  microscopes,  at  the  detector.  For 
the  detector  signals  to  be  amenable  to  analysis 
these  height  variations  must  be  limited  to  a  small 
range.  That  is,  the  conventional  confocal  micro- 

75  scope  gives  sub  wavelength  height  resolution  with- 
in  a  wavelength  range.  The  operation  of  confocal 
microscopes  is  well  understood  as  exemplified  by 
the  disclosures  in  "Experimental  Observations  of 
the  Depth-  Discrimination  Properties  of  Scanning 

20  Microscopes"  by  D.K.  Hamilton  et  al.  (Vol.  6,  No. 
12  Optics  Letters  of  December  1981)  and  "Surface 
Profile  Measurement  using  the  Confocal  Micro- 
scope"  by  D.K.  Hamilton  and  T.  Wilson  (J.  Appl. 
Phys.  Vol.  53,  No.  7,  July  1982,  page  5320  et 

25  seq.).  In  the  present  invention,  the  measuring  range 
is  extended  to  correspond  to  the  length  of  the  line 
of  illumination.  A  paper  entitled  "Optisch-Beruhrun- 
glose  Antastung  mit  Hilfe  des  Astigmatismusuerfah- 
rens"  by  R.  Theska  (Feingeratetechnik,  Vol.  No.  36 

30  (1987),  No.  6,  pages  263-6)  published  after  the 
earliest  priority  date  of  the  present  application,  dis- 
cusses  the  use  of  astigmatism  for  contactless  op- 
tical  sensing. 

European  Patent  Application  No.  0,160,781  dis- 
35  closes  a  non-contact  system  for  measuring  the 

height  of  circuit  features  on  a  substrate.  This  uses 
a  thin  ribbon  beam  which  is  projected  onto  a  sur- 
face  as  a  line  and  the  reflected  light  is  then  ana- 
lyzed.  This  system  suffers  from  lack  of  sensitivity, 

40  cannot  be  used  to  measure  more  than  minor  vari- 
ations  in  height  and  provides  constraints  on  the 
system  layout. 

The  present  invention  solves  these  problems. 
The  present  invention  provides  an  apparatus 

45  for  non-contact  distance  measurement  comprising: 
a  source  of  energy;  means  for  projecting  energy 
from  said  source  into  contact  with  a  surface;  means 
for  imaging  reflected  energy  from  said  surface  and 
means  for  analyzing  the  image  of  said  reflected 

50  energy  means  for  focussing  said  energy  into  a 
single  common  focal  line  which,  in  operation,  is  at 
a  non-zero  angle  to  the  average  surface  under 
examination  and  intersects  said  surface  at  at  least 
one  point;  and  means  for  imaging  said  common 

55  focal  line  onto  an  image  plane  in  space;  charac- 
terised  by  means  for  detecting  features  of  the 
image  of  said  line  which  are  coincident  with  said 
surface  and  thereby  provide  points  of  focussed 
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illumination;  and  means  for  analyzing  a  signal  from 
said  detecting  means  to  provide  in  dependence  on 
the  brightest  points  of  illumination  a  measurement 
of  the  distance  from  a  reference  point  to  the  sur- 
face. 

The  source  of  energy  may  be  visible  light, 
radiowaves,  microwaves  and  other  electromagnetic 
radiation.  It  may  also  be  a  particle  beam  such  as 
electron  beam  or  proton  beam.  Further,  the  source 
of  energy  may  be  acoustic  waves  such  as  sound 
waves. 

The  means  for  detecting  the  point  or  points  of 
intersection  of  the  common  focal  line  with  the  sur- 
face  under  examination  may,  in  the  case  of  an 
optical  system,  be  a  line,  area  or  position  detector 
arranged  to  capture  part  or  all  of  the  image  in  the 
detector  plane.  The  point  or  points  of  intersection 
of  the  focal  line  with  the  surface  under  examination 
may  be  found  by  analysis  of  part  or  all  of  the 
image  captured  by  the  detector. 

Note  that  the  illumination  and  detection  sys- 
tems  may  incorporate  some  means  for  differentiat- 
ing  between  energy  that  is  scattered  by  the  object 
and  that  which  is  reflected  specularly  by  the  object. 
One  such  method  may  be  a  polariser/analyser  The 
polariser  being  placed  between  the  illumination  and 
the  object,  and  the  analyser,  or  crossed  polariser, 
being  placed  between  the  object  and  the  detector. 

The  above  system  provides  high  resolution 
when  utilised  for  microscopic  distance  measure- 
ment  and  good  resolution  when  used  over  large 
distances.  It  is  particularly  suited  to  microscopic 
distances  when  visible  illumination  is  combined 
with  a  highly  astigmatic  confocal  microscope. 

In  a  particular  embodiment  the  present  inven- 
tion  provides  apparatus  for  non-contact  distance 
measurement  of  microscopic  distances  utilizing  a 
highly  astigmatic  confocal  microscope  including 
means  for  illuminating  the  surface  to  be  examined 
and  means  for  detecting  reflected  and/or  scattered 
radiation  from  the  surface  characterized  in  that  the 
means  for  illuminating  the  surface  is  arranged  to 
produce  a  line  of  light  and  to  focus  said  line  so  that 
it  intersects  the  surface  at  at  least  one  point,  the 
means  for  detecting  comprising  a  detector  ar- 
ranged  to  capture  all  or  part  of  the  image  and 
means  to  determine  the  position  of  the  brightest 
point  or  points  of  illumination  scattered  and/or  re- 
flected  from  the  surface  and  to  compute  the  dis- 
tance  of  that  point  from  a  reference  point.  Appara- 
tus  according  to  the  present  invention  has  shown, 
under  test,  to  be  able  to  determine  the  height  of  a 
surface  within  a  one  micron  resolution  over  a  5mm 
range  or,  in  another  case,  within  a  0.1  micron 
resolution  over  a  1  .4mm  range. 

The  description  that  follows  uses  terms  gen- 
erally  employed  to  described  apparatus  in  which 
the  source  of  energy  is  visible  light.  It  will  be 

understood,  however,  that  other  forms  of  energy 
can  be  used  in  the  apparatus  provided  appro- 
priately  analogous  components  are  used  in  its  con- 
struction. 

5  In  order  that  the  nature  of  the  invention  may  be 
better  understood,  preferred  embodiments  thereof 
are  hereinafter  described  by  way  of  example  with 
reference  to  the  accompanying  drawings,  in  which: 

Fig.  1  schematically  illustrates  the  principles  un- 
io  derlying  the  present  invention; 

Fig.  2  schematically  illustrates  a  top  view  of  an 
apparatus  incorporating  the  present  invention; 
and 
Fig.  3  is  a  schematic  side  view  of  the  apparatus 

is  of  Fig.  2. 
In  applying  the  invention  two  basic  elements 

are  used:  an  illumination  system  and  a  detection 
system. 

Referring  to  Fig.  1,  illumination  provided  to  a 
20  focusing  element  3  (object  illumination)  takes  the 

form  of  a  point  source  1  extended  in  one  direction 
i.e.  a  line  of  illumination.  The  wavelength  of  the 
illumination  is  not  critical  except  insofar  as  it  affects 
the  resolution  of  the  system,  the  range  of  materials 

25  that  the  apparatus  can  measure  and  the  types  of 
detectors  that  could  be  used.  A  high  quality  optical 
element  3  focuses  the  line  illumination  into  a  line  4 
in  space.  This  line  of  focus  4  is  termed  the  com- 
mon  line  of  focus  of  the  system  or,  for  short,  the 

30  focal  line. 
An  alternative  to  a  line  source  of  illumination 

and  a  spherically  symmetric  focusing  element  is  to 
use  a  highly  astigmatic  optical  element  to  image  a 
point  source  into  a  line  in  space  but  this  alternative 

35  requires  more  complicated  optical  design  and 
makes  the  use  of  the  same  focusing  element  for 
both  the  illumination  and  detection  system  almost 
prohibitively  difficult. 

The  focal  line  4  is  arranged  relative  to  the 
40  surface  5  being  measured  such  that  line  4  inter- 

sects  the  surface  5  at  at  least  one  point.  Another 
way  of  saying  this  is  that  the  focal  line  4  intersects 
the  surface  5  and  is  not  perpendicular  to  the  aver- 
age  surface  normal.  Optimally,  it  is  best  that  the 

45  intersection  is  only  one  point  but  with  rough  sur- 
faces  this  may  not  be  feasible.  An  imaging  optical 
system  7  is  arranged  such  that  the  focal  line  4 
provided  from  beamsplitter  2  is  imaged  onto  the 
detector  6. 

50  The  detection  system  takes  the  form  of  a  line, 
area  or  position  detector  6.  This  may  comprise 
either  a  pixel  array  or  a  linear  position  detector. 
The  detector  must  be  able  to  determine  the  posi- 
tion  of  the  brightest  point  of  illumination  from  the 

55  electrical  output  or  to  extrapolate  that  point  from 
the  rest  of  the  image. 

The  basis  of  operation  of  the  device  is  as 
follows:  because  of  the  angle  between  the  focal  line 

3 
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4  and  the  surface  5  of  the  object  whose  distance  is 
to  be  measured,  only  a  limited  number  of  points 
will  lie  on  the  focal  line  4.  These  points  will  be 
characterized  by  maximum  illumination  intensity. 
Assuming  a  perfectly  uniform  surface,  these  points 
will  give  rise  to  more  light  than  other  points  on  the 
surface  5. 

Because  the  focal  line  4  of  the  illumination  is 
coincident  with  the  image  on  the  detector  6,  the 
points  on  the  surface  that  lie  on  the  focal  line  4  will 
also  be  best  imaged  onto  the  line  detector  6. 

As  a  result  of  the  above,  the  brightest  spots 
imaged  onto  the  detector  6  will  correspond  to  those 
surface  points  coincident  with  the  focal  line  4.  An 
analysis  of  the  detector  signals  from  detector  6 
reveals  the  surface  heights.  This  may  be  done  via 
interpolation  of  the  entire  image  rather  than  a  line 
of  the  image. 

The  sensitivity  of  the  system  depends  on  the 
wavelength  of  the  illumination  used,  the  quality  of 
the  optics,  the  numerical  aperture  of  the  focusing 
element  3  and  the  angle  the  focal  line  4  makes 
with  the  surface  5.  For  maximum  height  and  lateral 
resolution  it  is  necessary  to  use  short  wavelengths, 
high  numeral  apertures  and  diffraction  limited  op- 
tics. 

Note  that  in  Fig.  1  the  same  focusing  element 
3  has  been  used  for  both  the  illumination  and 
detection  systems.  While  this  orientation  is  prob- 
ably  optimal,  it  is  possible  to  have  completely 
separate  optical  systems.  In  addition,  this  embodi- 
ment  has  been  chosen  to  provide  the  focusing 
element  3  with  a  line  of  illumination.  As  mentioned 
previously,  other  embodiments  could  use  a  point 
source  together  with  highly  astigmatic  optics  to 
produce  the  line  4.  In  this  latter  case,  it  is  almost 
but  not  quite  obligatory  to  use  separate  optics  for 
the  illumination  and  detection  optics. 

Figs.  2  and  3  show  in  more  detail  one  embodi- 
ment  of  the  invention.  In  this  particular  form  of  the 
invention  a  light  emitting  diode,  laser  diode  or 
superadient  diode  1  is  used  to  provide  illumination. 
Any  one  of  such  diodes  may  be  used  either  alone 
or  in  combination  with  either  of  beam  shaping 
optics  (e.g.  an  anamorphic  prism  pair)  or  a  single 
mode  fibre  pigtail.  A  diode  as  aforesaid  with  an 
integral  fibre  pigtail  2  is  an  easily  handled  point 
source  of  light  suitable  for  this  device  and  a  pin- 
hole  is  not  needed.  The  cone  of  light  emitted  from 
the  source  is  collimated  by  a  lens  3  before  passing 
through  a  cylindrical  lens  system  4.  It  should  be 
noted  that  the  cylindrical  lens  4  could  equally  well 
have  been  placed  before  the  collimator  3,  after  the 
beamsplitter  6  or  even  after  the  microscope  objec- 
tive.  The  next  element  in  the  system  is  the  polaris- 
ing  or  semisilvered  beamsplitter  6.  Beamsplitter  6 
serves  not  only  to  separate  the  illumination  optics 
from  the  detection  optics,  but  also  to  split  off  only 

that  light  scattered  by  the  object,  for  which  the 
polarisation  state  of  the  light  has  changed.  In  some 
instances  it  may  be  advantageous  to  consider  re- 
flected  light  instead  of  scattered  light  in  which  case 

5  a  quarter  wave  plate  12  may  be  placed  between 
the  polarising  beamsplitter  6  and  the  microscope 
objective  5.  The  final  optical  element  before  object 
surface  8  is  microscope  objective  5  which  focuses 
the  illumination  onto  a  line  in  space.  It  is  the 

io  cylindrical  lens  element  that  is  responsible  for  the 
formation  of  the  line.  In  the  absence  of  the  cylin- 
drical  lens  4  the  microscope  objective  would  focus 
the  light  into  a  spot.  Since  the  resolution  of  the 
system  is  determined  primarily  by  the  microscope 

is  objective,  it  is  preferable  to  choose  a  high  quality 
objective.  It  is  more  convenient  to  use  a  long 
working  distance  objective;  short  working  distance 
objectives  are  typically  surrounded  by  large  metal 
mounts  that  make  it  difficult  to  obtain  any  but  a 

20  shallow  angle  between  the  focal  line  and  the  sam- 
ple  surface.  An  objective  having  a  numerical  ap- 
erture  of  0.5  and  a  working  distance  of  approxi- 
mately  10mm  is  at  present  preferred  for  obtaining 
high  resolution.  The  higher  the  numerical  aperture 

25  of  the  objective,  the  higher  the  sensitivity  of  the 
instrument.  The  numerical  aperture  can  theoreti- 
cally  vary  between  0  and  1  although  in  practice  it  is 
unusual  to  go  outside  the  range  of  0.05  to  0.65. 

The  light  returning  from  the  sample  surface  is 
30  collected  by  the  microscope  objective  5  and  that 

resulting  from  surface  scattering  is  directed  away 
from  the  illuminating  system  by  the  polarising 
beamsplitter  6.  In  the  event  that  reflected  light  is  of 
concern  the  quarter  wave  plate  causes  reflected 

35  light  to  be  split  off  as  well.  Imaging  optics  7  are 
arranged  such  that  the  focal  line  of  the  system  is 
imaged  onto  a  multi-element  pixel  array  9.  For 
maximum  height  range,  the  entire  length  of  the  line 
should  be  imaged  onto  the  detector.  For  maximum 

40  height  resolution,  only  a  small  section  of  line 
should  be  imaged  onto  the  whole  length  of  the 
pixel  array  9. 

The  sample  surface  8  is  placed  such  that  the 
section  of  line  imaged  onto  the  pixel  array  9  inter- 

45  sects  the  surface.  It  has  been  found  that  the  em- 
ployment  of  a  polariser  10  can  be  advantageous  in 
altering  the  intensity  of  the  source  thus  giving 
greater  control  over  image  quality.  Additionally,  the 
inclusion  of  a  polariser  11  has  been  useful  in  the 

50  elimination  of  stray  reflections  impinging  on  detec- 
tor  9. 

Another  point  to  note  is  that  in  the  arrangement 
described  conventional  optics  are  used.  It  is,  how- 
ever,  feasible  to  employ  reflective  optics  and/or 

55  holographic  optical  elements.  As  indicated  earlier, 
analogous  components  may  be  used  to  construct 
an  apparatus  employing  the  principles  of  this  in- 
vention  but  making  use  of  other  beams  of  energy 

4 
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such  as  radio  waves,  sound  waves  or  particle 
beams.  Quite  clearly  the  optical  elements  would  be 
of  an  entirely  different  construction  as  would  the 
detector  or  detector  array  but  the  geometry  would 
remain  essentially  the  same. 

Analysis  of  the  detector  data  varies.  In  the  case 
of  a  position  detector  the  output,  a  voltage,  is 
directly  related  to  the  distance  between  the  mea- 
suring  head  and  the  object. 

The  analysis  for  a  linear  diode  array  detector  is 
relatively  simple.  The  signal  on  the  linear  array 
takes  the  form  of  a  single  moded  intensity  distribu- 
tion.  Real  object  lead  to  noise  in  the  intensity 
distribution  which  necessitates  the  generation  of  a 
curve  of  best  fit.  By  picking  the  peak  of  the  curve, 
the  distance  between  the  measuring  head  and  the 
object  can  be  simply  determined.  By  giving  the 
high  intensity  signals  an  inordinately  large  weigh- 
ting,  it  has  been  found,  experimentally,  that  a  better 
estimation  of  the  distance  between  the  measuring 
head  and  the  object  is  possible. 

There  are  three  types  of  analysis  that  can  be 
carried  out  on  the  signal  from  an  area  diode  detec- 
tor  array:  statistical  analysis  of  the  intensities, 
shape  analysis  of  the  image  and  a  combination  of 
the  two. 

Successful  statistical  analysis  to  date  include 
moments  about  the  mean  of  the  horizontal  image 
lines,  the  vertical  image  lines  and  the  area.  The 
most  successful  statistical  analysis  to  date  was 
found  to  be  the  unnormalized  kurtosis  of  the  verti- 
cal  columns  raised  to  the  power  of  two  or  more. 
The  mean  of  the  curve  fitted  through  the  resulting 
horizontal  array  yields  a  measure  of  the  distance 
between  the  measuring  head  and  the  object.  Reso- 
lutions  as  high  as  0.1  microns  have  been  obtained. 

Possible  shape  analysis  will  depend  on  finding 
a  set  of  outlines  of  the  image  for  a  range  of 
intensities  and  picking  the  symmetrical  center  and 
averaging  over  the  set.  Possible  curves  to  be  fitted 
to  the  outline  include:  straight  lines,  hyerbolas, 
trigono  metric  lines. 

By  using  both  the  shape  and  intensity  distribu- 
tion  of  the  image  in  the  detector  plane  all  of  the 
information  in  the  image  is  being  employed.  One 
method  utilises  a  second  image  obtained  theoreti- 
cally  from  a  perfectly  flat  scattering  surface.  By 
moving  the  theoretical  image  across  the  read  im- 
age  while  calculating  the  correlation  between  the 
two  a  curve  is  obtained.  The  maximum  in  the  curve 
corresponds  to  the  distance  between  a  reference 
point  and  the  surface  being  measured. 

Claims 

1.  An  apparatus  for  non-contact  distance  mea- 
surement  comprising:  a  source  of  energy  (1); 
means  (2)  for  projecting  energy  from  said 

source  (1)  into  contact  with  a  surface  (5); 
means  (2,7)  for  imaging  reflected  energy  from 
said  surface  and  means  (6)  for  analyzing  the 
image  of  said  reflected  energy;  means  (3)  for 

5  focusing  said  energy  into  a  single  common 
focal  line  (4)  which,  in  operation,  is  at  a  non- 
zero  angle  to  the  average  surface  (5)  under 
examination  and  intersects  said  surface  (5)  at 
at  least  one  point;  and  means  (7)  for  imaging 

io  said  common  focal  line  onto  an  image  plane  in 
space;  characterised  by  means  (6)  for  detect- 
ing  features  of  the  image  of  said  line  which  are 
coincident  with  said  surface  and  thereby  pro- 
vide  points  of  focussed  illumination;  and 

is  means  for  analyzing  a  signal  from  said  detect- 
ing  means  (6)  to  provide  in  dependence  on  the 
brightest  points  of  illumination  a  measurement 
of  the  distance  from  a  reference  point  to  the 
surface  (5). 

20 
2.  An  apparatus  as  claimed  in  claim  1,  wherein 

the  means  to  focus  said  energy  into  a  line  is 
an  astigmatic  confocal  microscope. 

25  3.  An  apparatus  as  claimed  in  any  one  of  the 
preceding  claims  wherein  the  means  for  de- 
tecting  comprises  a  linear  position  detector. 

4.  An  apparatus  as  claimed  in  any  one  of  claims 
30  1  to  3,  wherein  the  means  for  detecting  com- 

prises  a  pixel  array. 

5.  An  apparatus  as  claimed  in  claim  4,  wherein 
the  pixel  array  is  an  area  array. 

35 
6.  An  apparatus  according  to  any  preceding 

claim,  wherein  the  energy  source  comprises  a 
single  mode  fibre  pigtail  and  a  light  emitting 
diode,  laser  diode  or  superluminescent  diode. 

40 
7.  An  apparatus  as  claimed  in  claim  6,  wherein 

the  energy  source  comprises  beam  shaping 
optics. 

45  8.  An  apparatus  as  claimed  in  claim  7,  wherein 
the  beam  shaping  optics  comprises  an  an- 
amorphic  prism  pair. 

9.  A  method  for  non-contact  distance  measuring 
50  comprising: 

focusing  a  source  of  energy  into  a  line 
such  that  said  line  intersects  a  surface  under 
examination  at  at  least  one  point; 

imaging  the  pattern  generated  by  the  inter- 
55  section  of  said  line  and  said  surface  onto  a 

plane  in  space; 
detecting  the  features  of  the  image  on  said 

plane;  and 

5 
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analyzing  the  signal  from  said  detector  to 
provide  a  measurement  of  the  distance  from  a 
reference  point  to  the  surface. 

Patentanspruche 

1.  Vorrichtung  zur  kontaktlosen  Abstandsmes- 
sung,  mit:  einer  Energiequelle  (1);  einer  Ein- 
richtung  (2)  zum  Projizieren  von  Energie  von 
der  Quelle  (1)  in  Kontakt  mit  einer  Flache  (5); 
einer  Einrichtung  (2,7)  zum  Abbilden  von  von 
der  Flache  reflektierter  Energie  und  einer  Ein- 
richtung  (6)  zum  Analysieren  des  Bildes  der 
reflektierten  Energie;  einer  Einrichtung  (3)  zum 
Fokussieren  der  Energie  in  eine  einzige  ge- 
meinsame  Brennlinie  (4),  die  im  Betrieb  unter 
eincm  von  Null  verschiedenen  Winkel  zu  der 
untersuchten  gemittelten  Flache  (5)  verlauft 
und  die  Flache  (5)  an  wenigstens  einem  Punkt 
schneidet;  und  einer  Einrichtung  (7)  zum  Abbil- 
den  der  gemeinsamen  Brennlinie  auf  einer 
Bildebene  im  Raum;  gekennzeichnet  durch 
eine  Einrichtung  (6)  zum  Erkennen  von  Merk- 
malen  des  Bildes  der  Linie,  die  mit  der  Flache 
(5)  koinzident  sind  und  dadurch  Punkte  fokus- 
sierter  Beleuchtung  liefern;  und  einer  Einrich- 
tung  zum  Analysieren  eines  Signals  der  Erken- 
nungseinrichtung  (6),  urn  in  Abhangigkeit  von 
den  hellsten  Beleuchtungspunkten  ein  MeBer- 
gebnis  des  Abstands  zwischen  einem  Refe- 
renzpunkt  und  der  Flache  (5)  zu  liefern. 

2.  Vorrichtung  nach  Anspruch  1  ,  bei  der  die  Ein- 
richtung  zum  Fokussieren  der  Energie  in  eine 
Linie  ein  astigmatisches  konfokales  Mikroskop 
ist. 

3.  Vorrichtung  nach  einem  der  vorhergehenden 
Anspruche,  bei  der  die  Erkennungseinrichtung 
einen  Linearpositionsdetektor  aufweist. 

4.  Vorrichtung  nach  einem  der  Anspruche  1  bis 
3,  bei  der  die  Erkennungseinrichtung  eine  Pi- 
xelanordnung  aufweist. 

5.  Vorrichtung  nach  Anspruch  4,  bei  der  die  Pixe- 
lanordnung  eine  Flachenanordnung  ist. 

6.  Vorrichtung  nach  einem  der  vorhergehenden 
Anspruche,  bei  der  die  Energiequelle  ein  Ein- 
zelmodus-Lichtleiterstuck  und  eine  lichtemittie- 
rende  Diode,  eine  Laserdiode  oder  eine  Super- 
lumineszenzdiode  aufweist. 

7.  Vorrichtung  nach  Anspruch  6,  bei  der  die  Ener- 
giequelle  eine  Strahlenformungsoptik  aufweist. 

8.  Vorrichtung  nach  Anspruch  7,  bei  der  die 
Strahlenformungsoptik  ein  anamorphotisches 
Prismenpaar  aufweist. 

5  9.  Verfahren  zur  kontaktlosen  Abstandsmessung, 
mit  den  Schritten: 
Fokussieren  einer  Energiequelle  in  eine  Linie, 
derart,  dal3  die  Linie  eine  untersuchte  Flache 
an  wenigstens  einem  Punkt  schneidet; 

io  Abbilden  des  durch  das  Schneiden  der  Linie 
und  der  Flache  erzeugten  Musters  auf  einer 
Ebene  im  Raum; 
Erkennen  der  Merkmale  des  Bildes  auf  der 
Ebene;  und 

is  Analysieren  des  Signals  des  Detektors  zur  Lie- 
ferung  eines  MeBergebnisses  des  Abstands 
zwischen  einem  Referenzpunkt  und  der  Fla- 
che. 

20  Revendicatlons 

1.  Dispositif  de  mesure  de  distance  sans  contact 
comportant:  une  source  d'energie  (1),  des 
moyens  (2)  pour  projeter  I'energie  a  partir  de 

25  ladite  source  (1)  jusqu'au  contact  d'une  surfa- 
ce  (5),  des  moyens  (2,7)  pour  image  I'energie 
reflechie  a  partir  de  ladite  surface  et  des 
moyens  (6)  pour  analyser  I'image  de  ladite 
energie  reflechie,  des  moyens  (3)  pour  focali- 

30  ser  ladite  energie  selon  une  seule  ligne  focale 
(4)  commune  qui,  en  fonctionnement,  est  au 
niveau  d'un  angle  non  nul  par  rapport  a  la 
surface  moyenne  (5)  examinee  et  recoupe  ladi- 
te  surface  au  niveau  d'au  moins  un  point,  et 

35  des  moyens  (7)  pour  image  ladite  ligne  focale 
commune  sur  un  plan  d'image  dans  I'espace, 
caracterise  en  ce  qu'il  comporte  des  moyens 
(6)  pour  detecter  les  caracteristiques  de  I'ima- 
ge  de  ladite  ligne  qui  sont  coincidentes  avec 

40  ladite  surface  et  fournir  ainsi  des  points  d'eclai- 
rage  focalises;  et  des  moyens  pour  analyser 
un  signal  provenant  desdits  moyens  (6)  de 
detection  pour  fournir  en  fonction  des  points 
les  plus  brillants  de  I'eclairage  une  mesure  de 

45  la  distance  a  partir  d'un  point  de  reference 
vers  la  surface  (5). 

2.  Dispositif  selon  la  revendication  1  ,  dans  lequel 
les  moyens  pour  focaliser  ladite  energie  sous 

50  forme  d'une  ligne  sont  constitues  d'un  micros- 
cope  a  foyer  commun  astigmatique. 

3.  Dispositif  selon  I'une  quelconque  des  revendi- 
cations  precedentes,  dans  lequel  les  moyens 

55  pour  detecter  comporte  un  detecteur  de  posi- 
tion  lineaire. 

6 
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4.  Dispositif  selon  I'une  quelconque  des  revendi- 
cations  1  a  3,  dans  lequel  les  moyens  pour 
detecter  comporte  un  reseau  de  pixels. 

5.  Dispositif  selon  la  revendication  4,  dans  lequel  5 
le  reseau  de  pixels  est  un  reseau  bi-dimen- 
sionnel. 

6.  Dispositif  selon  I'une  quelconque  des  revendi- 
cations  precedentes,  dans  lequel  la  source  10 
d'energie  comporte  un  toron  de  fibre  a  un  seul 
mode  et  une  diode  emettrice  de  lumiere,  une 
diode  laser  ou  une  diode  super  luminescente. 

7.  Dispositif  selon  la  revendication  6,  dans  laquel-  is 
le  la  source  d'energie  est  constitute  d'equipe- 
ment  optiques  de  mise  en  forme  d'un  rayon. 

8.  Dispositif  selon  la  revendication  7,  dans  lequel 
les  equipements  optiques  de  mise  en  forme  20 
d'un  rayon  comportent  une  paire  de  prismes 
anamorphiques. 

9.  Procede  pour  mesurer  sans  contact  une  dis- 
tance  comportant  les  etapes  consistant  a:  25 

focaliser  une  source  d'energie  sous  forme 
d'une  ligne  de  telle  sorte  que  ladite  ligne  re- 
coupe  une  surface  a  examiner  au  niveau  d'au 
moins  un  point, 

mettre  en  image  le  dessin  engendre  par  30 
I'inter-section  de  ladite  ligne  et  de  ladite  surfa- 
ce  sur  un  plan  dans  I'espace, 

detecter  les  caracteristiques  de  I'image  si- 
tuee  sur  ledit  plan,  et 

analyser  le  signal  provenant  dudit  detec-  35 
teur  pour  fournir  une  mesure  de  distance  a 
partir  d'un  point  de  reference  situe  sur  la  surfa- 
ce. 

40 

45 

50 
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