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©  Scanning  laser  microscope  system  and  methods  of  use. 

©  A  scanning  laser  microscope  system  for  assist- 
ing  in  the  detection  and  characterization  of  fine  de- 
tails  and  structures  of  materials  or  other  samples. 
The  system  can  have  means  for  enhancing  light 
from  the  material  to  assist  detection  of  anomalies, 
such  as  inclusions  in  the  material  and  crystal  lattice 
dislocations.  The  system  can  have  means  for  en- 
hancing  fluorescent  light  emitted  from  the  sample. 
The  system  can  further  have  very  precise  means  for 
processing  signals  representative  of  light  detected 
from  the  material. 
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SCANNING  LASER  MICROSCOPE  SYSTEM  AND  METHODS  OF  USE 

BACKGROUND  OF  THE  INVENTION 

1  .  Field  of  the  Invention 

This  invention  relates  to  scanning  laser  micro- 
scope  systems  and,  specifically,  to  scanning  laser 
microscope  systems  for  enhanced  inspection  of 
samples,  such  as,  birefringent  materials  or  fluores- 
cent  objects. 

2.  Description  of  Related  Art 

For  many  years  optical  microscopes  have  been 
useful  for  examining  fine  details  and  structures  in 
materials.  Conventional  microscopes  typically  use 
the  kind  of  imaging  in  which  the  object  is  illumi- 
nated  as  a  whole.  Light  transmitted  through  or 
reflected  from  the  object  is  imaged  into  an  inter- 
mediate  image  plane  by  an  objective  lens.  This 
intermediate  image  plane  is  either  viewed  with  an 
eyepiece  or  scanned  with  a  TV  camera. 

One  disadvantage  of  conventional  microscopy 
results  from  scattered  light  from  one  point  of  the 
object  arriving  at  the  intermediate  image  plane  in 
another  part  of  the  image,  thus,  degrading  the 
contrast  between  parts  of  the  image.  This  effect  is 
minimized  in  scanning  microscope  systems. 

Optical  scanning  microscopy  illuminates  the 
object  on  a  point  by  point  basis  and  the  transmit- 
ted,  reflected,  stray  or  emitted  light  is  measured  for 
each  consecutive  point.  An  image  is  formed  by 
combining  the  point  by  point  brightness  measure- 
ments  into  a  suitable  display  means.  With  the 
advent  of  the  laser  the  point  by  point  resolution  of 
optical  scanning  microscopy  improved  due  to  the 
ability  to  focus  the  single  wavelength  light  of  the 
laser  to  a  smaller  spot.  For  a  more  detailed  discus- 
sion  of  scanning  microscope  systems,  see  Wilson 
and  Sheppard,  "Theory  and  Practice  of  Scanning 
Optical  Microscopy,"  Academic  Press,  pages  3-9, 
1984. 

If  the  material  being  viewed  is  anisotropic,  a 
series  of  complications  arise.  Light  passing  through 
an  anisotropic  material  travels  at  different  velocities 
in  different  directions.  Polarized  light  is  further  af- 
fected  by  differences  in  the  propagation  velocity  of 
light  at  different  polarization  angles. 

A  birefringent  material  can  be  triaxially  an- 
isotropic.  Further,  a  birefringent  material  causing 
light  to  travel  therethrough  at  different  velocities  for 
each  axial  direction  refracts  a  beam  of  light  in  two 
different  directions  to  form  two  rays.  A  converging 

beam  of  polarized  light  passing  through  a  birefrin- 
gent  material,  whether  viewed  in  a  conventional  or 
scanning  microscope,  will  cause  interference  pat- 
tern  effects  resulting  in  dark  and  bright  "brushes" 

5  and  "rings".  Jenkins  and  White,  in  "Fundamentals 
of  Optics,"  McGraw-Hill  Book  Co.,  pages  576-579, 
1976,  discuss  this  effect. 

These  variations  in  image  brightness  make  de- 
tection  of  small  anomalies,  such  as  inclusions,  cry- 

w  stal  lattice  dislocations,  grain  boundaries,  vacan- 
cies,  interstitials,  etc.,  more  difficult  for  the  micro- 
scopist.  Only  those  areas  of  the  image  having 
uniform  brightness  can  be  examined  with  accept- 
able  results.  Thus,  only  a  small  portion  of  an  image 

75  may  be  useful  for  examination  of  an  object,  result- 
ing  in  viewing  the  object  repeatedly  to  cover  a 
given  area. 

In  the  manufacture  of  electro-optical  devices, 
knowledge  of  the  quality  of  the  substrate  material  is 

20  important  to  achieve  high  yields  of  functional  de- 
vices  at  reasonable  cost.  In  the  manufacture  of 
molecularly  oriented  polymers  and  other  birefrin- 
gent  materials,  knowledge  of  the  quality  of  the 
material  is  similarly  important. 

25  A  confocal  laser  scanning  microscope  differs 
from  a  conventional  microscope  by  affording  depth 
discrimination  as  well  as  improved  resolution. 

Fluorescence  laser  scanning  microscopy  offers 
many  advantages  over  conventional  fluorescence 

30  microscopy.  Light  can  be  concentrated  on  very 
small  spots  of  the  sample  enabling  the  detection  of 
small  concentrations  of  fluorescent  substances. 
Further,  in  conventional  fluorescence  microscopy, 
out  of  focus  fluorescence  can  give  a  relatively 

35  strong  interference  with  fluorescence  from  the  sam- 
ple  layer  in  focus.  Whereas,  out  of  focus  fluores- 
cence  in  a  confocal  laser  scanning  microscope 
interferes  only  in  a  very  limited  way  with  the  flu- 
orescence  of  a  sample  layer  in  focus. 

40  It  is  an  object  of  the  present  invention  to  pro- 
vide  an  improved  scanning  laser  microscope  sys- 
tem  to  assist  in  detecting  or  characterizing  fine 
details  and  structures  of  materials  or  other  sam- 
ples. 

45  It  is  a  further  object  of  the  present  invention  to 
provide  means  for  enhancing  the  light  transmitted 
through,  reflected  from  or  emitted  from  the  material 
or  sample  to  increase  the  contrast  between  the 
material  or  sample  and  anomalies  or  areas  of  inter- 

so  est  contained  therein. 
It  is  a  further  object  of  the  present  invention  to 

provide  a  single  scanning  laser  system  capable  of 
depth  discrimination  in  an  object  and/or  use  in 
fluorescence  microscopy. 

It  is  another  object  of  the  present  invention  to 
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provide  very  precise  means  for  processing  signals 
representative  of  light  detected  from  a  scanning 
beam  passing  through  or  being  reflected  from  a 
material  or  other  sample. 

SUMMARY  OF  THE  INVENTION 

This  invention  fulfills  the  above  objectives  and 
relates  to  a  scanning  laser  microscope  system  for 
assisting  in  the  characterization  of  an  object,  the 
system  comprising: 
a  first  laser  for  producing  a  linearly  polarized,  sub- 
stantially  collimated,  single  wavelength  beam  of 
light  having  an  axis; 
means  for  scanning  the  beam  in  a  raster  scanning 
fashion  in  a  first  direction  across  a  scanning  plane 
of  the  object  and  in  a  second  direction  perpendicu- 
lar  to  the  first  direction  across  the  scanning  plane 
of  the  object; 
means  for  enhancing  light  from  the  object  by  in- 
creasing  contrast  between  anomalies  and  a  remain- 
der  of  the  object; 
means  for  detecting  light  from  the  enhancing 
means  and  for  generating  electrical  signals  repre- 
sentative  of  the  intensity  of  the  detected  light;  and 
means  for  creating  an  image  representative  of  the 
scanning  plane  of  the  object  from  the  detected 
light. 

This  invention  can  also  be  described  as  a 
scanning  laser  microscope  system  comprising: 
an  optical  system  for  scanning  a  light  beam  in  a 
raster  scanning  fashion  on  a  scanning  plane  of  a 
material; 
means  for  detecting  the  beam  from  the  material 
and  for  generating  signals  representative  of  the 
intensity  of  the  detected  light; 
means  for  generating  pixel  clock  signals  repre- 
sentative  of  the  position  of  the  beam  in  a  first 
direction  on  the  scanning  plane  of  the  material; 
means  for  causing  the  position  of  the  beam  on  the 
material  scanning  plane  in  a  second  direction  per- 
pendicular  to  the  first  direction  to  conform  to  a 
desired  beam  position; 
means  for  storing  the  detected  light  signals; 
means  for  providing  control  signals  to  the  storing 
means  based  on  the  pixel  clock  signals  and  the 
desired  beam  position  in  the  second  direction  to 
synchronize  the  storing  means  such  that  the  de- 
tected  light  signals  are  stored  in  storage  locations 
corresponding  to  the  position  of  the  beam  on  the 
material  scanning  plane;  and 
means  for  forming  the  stored  signals  into  an  image 
representative  of  the  material  scanning  plane. 

This  invention  is  further  directed  to  a  scanning 
laser  microscope  system  comprising: 
a  first  laser  for  producing  a  first  linearly  polarized, 

substantially  collimated,  single  wavelength  beam  of 
light  having  an  axis; 
means  for  scanning  the  beam  in  a  raster  scanning 
fashion  in  a  first  direction  across  a  scanning  plane 

5  of  the  object  and  in  a  second  direction  perpendicu- 
lar  to  the  first  direction  across  the  scanning  plane 
of  the  object,  wherein  the  scanning  means  com- 
prises: 
a  rotor  rotatable  about  a  rotor  axis  and  having  a 

10  circumferential  side  with  a  plurality  of  reflective 
facets,  the  rotor  positioned  to  receive  the  beam  on 
one  of  the  facets; 
means  for  rotating  the  rotor  to  cause  the  beam  axis 
to  scan  in  the  first  direction  across  the  scanning 

15  plane  of  the  object; 
first  optical  means  for  directing  the  beam  axis  from 
the  rotor  at  varying  angles  of  incidence  to  a  first 
point; 
a  planar  mirror  rotatable  about  a  mirror  axis  per- 

20  pendicular  to  the  rotor  axis  and  intersecting  the 
point,  the  mirror  positioned  to  receive  the  beam 
from  the  first  optical  directing  means; 
a  galvanometer  connected  to  the  planar  mirror  to 
cause  the  planar  mirror  to  move  about  the  mirror 

25  axis  and  to  cause  the  beam  axis  to  also  scan  in  the 
second  direction  across  the  scanning  plane  of  the 
object,  thereby  defining  a  raster  light  pattern  in  a 
plane  perpendicular  to  the  beam  axis  reflected 
from  the  planar  mirror; 

30  second  optical  means  for  directing  the  beam  axis 
from  the  mirror  at  varying  angles  of  incidence  to  a 
second  point;  and 
a  flat  field  apochromat  objective  lens  positioned  at 
the  second  point,  the  lens  for  receiving  the  beam 

35  from  the  second  optical  directing  means  and  for 
focusing  the  beam  to  the  scanning  plane  of  the 
object; 
means  for  enhancing  light  from  the  object- 
means  for  detecting  light  from  the  enhancing 

40  means  and  for  generating  electrical  signals  repre- 
sentative  of  the  intensity  of  the  detected  light;  and 
means  for  creating  an  image  representative  of  the 
scanning  plane  of  the  object  from  the  detected 
light. 

45 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

so  The  invention  may  be  more  fully  understood 
from  the  following  detailed  description  thereof  tak- 
en  in  connection  with  accompanying  drawings 
which  form  a  part  of  this  application  and  in  which: 

Figure  1  is  a  pictorial  representation  of  a 
55  scanning  laser  microscope  system  of  the  present 

invention. 
Figure  2  is  a  block  diagram  of  the  system 

illustrated  in  Figure  1  . 

3 
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Figure  3  is  a  detailed  side  view  of  a  modified 
microscope  base  with  certain  parts  shown  in  sec- 
tion  as  used  in  the  preferred  embodiment  of  the 
present  invention. 

Figure  3A  is  a  side  view  of  a  commercially 
available  microscope  that  can  be  modified  for  use 
as  illustrated  in  Figure  3. 

Figure  4  is  an  exploded  pictorial  view  of  a 
first  embodiment  of  a  beam  enhancing  assembly  in 
accordance  with  the  present  invention. 

Figure  4A  is  a  top  view  of  the  beam  enhanc- 
ing  assembly  of  Figure  4  when  it  is  fully  assem- 
bled. 

Figure  5  is  an  exploded  pictorial  view  of  a 
second  embodiment  of  a  beam  enhancing  assem- 
bly  in  accordance  with  the  present  invention. 

Figure  5A  is  a  cross  section  side  view  of  the 
beam  enhancing  assembly  of  Figure  5  when  it  is 
fully  assembled. 

Figure  6  is  a  top  view  of  a  third  embodiment 
of  a  beam  enhancing  assembly  in  accordance  with 
the  present  invention. 

Figure  6A  is  a  cross  sectional  side  view 
taken  along  the  line  A-A  in  the  direction  of  the 
arrows  in  Figure  6. 

Figure  6B  is  a  cross  sectional  side  view  of  a 
fourth  embodiment  of  a  beam  enhancing  assembly 
in  accordance  with  the  present  invention. 

Figure  6C  is  a  cross  sectional  side  view  of  a 
fifth  embodiment  of  a  beam  enhancing  assembly  in 
accordance  with  the  present  invention. 

Figure  6D  is  a  cross  sectional  side  view  of  a 
sixth  embodiment  of  a  beam  enhancing  assembly 
in  accordance  with  the  present  invention. 

Figure  7  illustrates  a  preferred  embodiment 
of  a  preamplifier  circuit  for  use  in  the  system  of 
Figures  1  and  2. 

Figure  8  depicts  a  preferred  embodiment  of 
a  scan  detection  circuit  for  use  in  the  system  of 
Figures  1  and  2. 

Figure  9  is  a  block  diagram  of  the  frame  or 
image  storage  control  module  and  the  operator 
control  panel  of  Figure  2. 

Figure  10  is  a  detailed  functional  block  dia- 
gram  of  the  frame  or  image  storage  control  module 
for  use  in  the  system  of  Figures  1  and  2. 

Figure  11  shows  a  detailed  functional  block 
diagram  of  the  scan  mode  control  logic  or  scan-1 
circuit  for  use  in  the  module  of  Figure  9. 

Figure  12  shows  a  detailed  functional  block 
diagram  of  the  scan  count  or  scan-2  circuit  for  use 
in  the  module  of  Figure  9. 

Figure  13  shows  a  detailed  functional  block 
diagram  of  the  Y-scan  reference  generator  or  scan- 
3  circuit  for  use  in  the  module  of  Figure  9. 

Figure  14  is  a  block  diagram  of  the  gal- 
vanometer  control  module  of  Figures  1  and  2. 

Figure  15  is  a  detailed  functional  block  dia- 

gram  of  the  galvanometer  control  module  for  use  in 
the  system  of  Figures  1  and  2. 

Figure  16  is  a  block  diagram  of  the 
photomultiplier  control  module  of  Figures  1  and  2. 

5  Figure  17  is  a  detailed  functional  block  dia- 
gram  of  the  photomultiplier  control  module  for  use 
in  the  system  of  Figures  1  and  2. 

Figure  18  is  a  block  diagram  of  the  pixel 
clock  module  of  Figures  1  and  2. 

70  Figure  19  is  a  detailed  functional  block  dia- 
gram  of  the  pixel  clock  module  for  use  in  the 
system  of  Figures  1  and  2. 

Figure  20  is  a  schematic  representation  of 
the  computer  system  and  the  stage  controller  sys- 

75  tern  of  Figures  1  and  2. 

DESCRIPTION  OF  THE  PREFERRED 
EMBODIMENT(S) 

20 

Throughout  the  following  detailed  description, 
similar  reference  numerals  refer  to  similar  elements 
in  ail  Figures  of  the  drawings. 

25  Referring  to  Figure  1  ,  there  is  shown  a  pictorial 
view  of  a  scanning  laser  microscope  system  10  of 
the  present  invention.  The  microscope  system  10 
is  mounted  on  an  optical  table  12  designed  to 
minimize  and  dampen  vibrations.  The  table  12  may 

30  comprise  a  laminate  horizontal  structure  made  of 
solid  aluminum  top  plate  portion  14,  a  bottom  plate 
portion  and  an  aluminum  intermediate  honeycomb 
portion.  The  structure  may  be  mounted  on  air  sus- 
pension  legs  to  further  minimize  potential  vibra- 

35  tions. 
A  first  light  source  20,  such  as  a  helium-neon 

laser  20,  is  mounted  on  the  top  plate  portion  14  of 
the  table  12.  Laser  model  number  3225  H-P  from 
Hughes  Aircraft  Corporation  located  in  Carlsbad, 

40  California,  has  been  found  satisfactory  for  this  pur- 
pose.  This  laser  20  emits  a  linearly  polarized,  sub- 
stantially  collimated,  single  wavelength  beam  of 
light.  The  wavelength  of  the  beam  is  632.8  nano- 
meters  which  is  visibly  red  with  a  circular  cross 

45  section  having  about  a  1  millimeter  diameter.  A 
beam  expander  and  collimater  assembly  22  is  con- 
nected  to  the  laser  20  to  expand  and  collimate  the 
diameter  of  the  beam  to  about  3  millimeters.  A  3X 
Beam  Expander,  such  as  model  number  T81-3X 

so  from  Newport  Corporation  located  in  Fountain  Val- 
ley,  California,  can  be  used  for  this  purpose. 

The  expanded  beam  24  is  directed  on  one  of  a 
plurality  of  reflective  facets  or  faces  26  of  a  circum- 
ferential  side  28  of  a  rotatable  rotor  30.  To  reduce 

55  space  requirements  for  the  microscope  system  1  0, 
in  the  preferred  embodiment  the  expanded  beam 
24  from  the  laser  20  is  first  reflected  90  degrees  in 
a  horizontal  plane  by  a  reflective  side  of  a  dichroic 

4 
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beam  splitter  32,  such  as  Dichroic  Beam  Splitter 
model  number  4880T-6328R  from  CVI  Laser  Cor- 
poration  of  Albuquerque,  New  Mexico.  The  beam 
24  from  the  splitter  32  is  reflected  90  degrees 
vertically  up  by  a  mirror  34,  such  as  mirror  model 
number  01MFG007  from  Melles  Griot  located  at 
Rochester,  New  York.  From  the  mirror  34,  the 
beam  24  is  reflected  through  a  hole  36  in  a  plate 
38,  such  as  a  24  inch  square  solid  aluminum 
breadboard  plate,  and  a  base  plate  46  of  the  as- 
sembly  supporting  the  rotor  30  to  one  of  the  reflec- 
tive  facets  or  faces  26  of  the  rotor  30.  The  plate  38 
is  connected  to  and  supported  on  the  table  12  by 
four  posts  40  spaced  apart  from  one  another. 

The  rotor  30  is  part  of  a  galvanometer  assem- 
bly  42,  such  as  galvanometer  assembly  number 
18875H-23ND-2-100  from  Lincoln  Laser  Corpora- 
tion  of  Phoenix,  Arizona.  This  assembly  42  com- 
prises  a  motor  having  an  shaft,  the  rotor  30  rotatab- 
ly  supported  on  the  shaft  and  rotatable  by  the 
motor.  The  motor  and  rotor  30  are  supported  in  a 
housing  having  two  windows.  One  of  the  two  win- 
dows  allows  the  beam  24  to  pass  from  the  mirror 
34  to  one  of  the  reflective  facets  or  faces  26  and 
then  to  be  reflected  from  the  reflective  face  out  of 
the  housing.  The  second  window  is  generally  lo- 
cated  in  an  opposite  side  of  the  housing  to  allow 
another  beam  to  pass  therethrough  to  another  re- 
flective  face  of  the  rotor  30  and  reflect  out  of  the 
housing.  The  housing  is  mounted,  such  as  by  bolts, 
to  a  support  assembly  comprising  a  vertical  plate 
44  connected  to  the  base  plate  46.  The  vertical 
plate  44  and  the  base  plate  46  can  be  jointed  by 
knees  or  angle  pieces  48. 

The  beam  24  is  reflected  from  the  rotor  30 
causing  the  extreme  positions  of  the  beam  to  move 
in  a  vertical  (x)  direction  moving  a  greater  distance 
in  the  x  direction  the  farther  from  the  rotor  30. 

A  relay  lens  assembly  comprising  a  first  bicon- 
vex  lens  50  and  a  second  biconvex  lens  52  is  for 
relaying  the  beam  to  a  first  fiat  reflective  side  of  a 
mirror  54.  Suitable  lens  50  and  52  can  be  obtained 
from  Melles-Griot  Corporation,  mentioned  before, 
under  part  number  01-LDX  115/078.  The  first 
biconvex  lens  50  focuses  the  beam  24  to  a  point 
moving  in  the  y  direction.  Equally  spaced  from  the 
focused  point  at  the  midpoint  of  its  scan  in  the  y 
direction,  on  the  other  side  of  the  point  than  the 
first  lens  50,  is  the  second  lens  52  which  directs 
the  beam  to  a  stationary  spot  on  the  mirror  54  with 
the  angle  of  incidence  of  the  beam  varying  as  the 
beam  contacts  the  mirror  54.  The  circles  depicted 
on  the  lenses  50  and  52  in  Figure  1  illustrate  the 
extreme  x  positions  of  the  beam  on  the  respective 
lenses. 

The  mirror  54  is  connected  to  a  galvanometer 
or  galvo  56  and  together  they  comprise  a  gal- 
vanometer  or  galvo  scanner  assembly  58.  A  suit- 

able  galvanometer  56  is  available  from  General 
Scanning  Corporation  with  offices  at  Watertown, 
Massachusetts,  under  part  number  G120D.  The 
mirror  54  has  a  second  flat  reflective  side,  parallel 

5  to  the  first  reflective  side,  which  will  be  discussed 
later.  A  suitable  mirror  for  this  purpose  is  a  double 
sided  first  surface  mirror  being  5  miliimeters  by  5 
millimeters  by  1  millimeter  (5mm  X  5mm  X  1mm) 
and  can  be  obtained  from  Spectro-Film  Company 

m  located  at  Winchester,  Massachusetts.  The  flat 
sides  are  positioned  in  vertical  planes.  The  gal- 
vanometer  56  partially  rotates  the  mirror  54  back 
and  forth  (i.e.,  in  one  direction  and  then  the  op- 
posite  direction)  about  a  vertical  axis  or  line  pass- 

rs  ing  through  the  center  of  the  mirror.  The  center  of 
the  beam  24  intersects  and  is  perpendicular  to  the 
vertical  line.  This  vertical  line  is  also  perpendicular 
to  the  axis  of  the  rotor  30.  The  galvanometer  56 
operates  in  response  to  electrical  control  signals 

20  from  a  galvanometer  or  galvo  control  module  116 
over  a  cable  118  with  two  lines. 

The  back  and  forth  movement  of  the  galvanom- 
eter  56  causes  the  mirror  to  reflect  the  beam  in  a 
horizontal  (y)  direction  at  an  angle  such  that  when 

25  combined  with  the  motion  in  the  x  direction  created 
by  the  rotor  30  the  beam  moves  in  a  raster  scan- 
ning  pattern  or  fashion.  The  extreme  positions  of 
the  beam  now  moves  a  greater  distance  in  the  x 
and  y  directions  the  farther  from  the  mirror  54. 

30  Thus,  the  size  of  the  raster  pattern  increases  with 
increased  distance  from  mirror  54. 

A  second  relay  lens  assembly  comprising  a 
third,  a  fourth  and  a  fifth  biconvex  lens,  60,  62  and 
64,  respectively,  relay  the  beam  to  a  flat  mirror  or 

35  beam  splitter  66.  The  third  lens  60  and  fourth  lens 
62  are  for  converging  the  raster  scanning  pattern  to 
a  point.  Newport  Corporation  located  at  Fountain 
Valley,  California,  sells  a  63mm  focal  length  bicon- 
vex  lens  under  part  number  KBX-  145AR14  which 

40  is  suitable  for  use  as  the  third  and  fourth  lens  60 
and  62.  The  fifth  lens  64,  such  as  Newport  Cor- 
poration  part  number  KBX-163AR.14  having  a 
176mm  focal  length,  recollimates  the  beam  after  it 
has  been  focused  to  the  point  by  the  third  and 

45  fourth  lens  60  and  62.  The  fifth  lens  64  also  con- 
verges  the  raster  pattern  to  a  stationary  spot  on  a 
plano-apochromat  lens  68  with  the  angle  of  in- 
cidence  of  the  beam  24  at  the  spot  varying  in 
direction  in  accordance  with  the  raster  pattern.  Be- 

50  tween  the  fifth  lens  64  and  the  spot,  the  mirror  or 
beam  splitter  66  is  optionally  for  compactness  and 
convenience  located  to  redirect  the  beam  generally 
downwards  onto  the  lens  68. 

The  lens  68  can  be  a  standard  microscope 
55  objective  lens,  such  as  lens  number  519692- 

6.3X.2NA  or  lens  number  519509-40X.75NA  from 
E.  Leitz  Incorporated  of  Rockleigh,  New  Jersey. 
The  lens  68  converges  the  beam  to  a  size  which  is 

5 
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dependent  on  the  magnification  factor  or  numerical 
aperture  (NA)  of  the  particular  lens  68  chosen  to  be 
used. 

After  passing  through  the  lens  68,  the  beam 
contacts  an  object  or  material  70  being  analyzed. 
The  microscope  system  1  0  is  particularly  suited  for 
analyzing  a  birefringent,  partially  transparent,  ma- 
terial  or  object,  such  as  an  oriented  polymer  film  or 
a  crystalline  material  such  as  a  wafer  of  lithium 
niobate,  potassium  titanyl  phosphate  (KTP),  barium 
titanate,  or  bismuth  silicon  oxide  (BSO). 

The  object  70  rests  over  a  hole  in  a  movable 
plate  72  of  a  scanning  stage  assembly  74.  The 
assembly  74  includes  the  plate  72,  a  first  linear 
positioning  assembly  76  including  a  motor  respon- 
sive  to  a  positioning  sensor  for  moving  the  plate  72 
in  a  first  (e.g.,  X)  direction,  a  similar  second  linearly 
positioning  assembly  78  for  moving  the  plate  72  in 
a  second  (e.g.,  Y)  direction  perpendicular  to  the 
first  direction,  a  scanning  stage  keypad  and  display 
unit  80,  and  a  stage  controller  module  82  con- 
nected  by  cables  or  electrical  lines  84  to  the  posi- 
tioning  assemblies  76,  78,  the  keypad  and  display 
unit  80  and  a  computer  system  86.  An  illustrative 
scanning  stage  assembly  74  is  available  from  E. 
Leitz,  Incorporated,  at  Rockleigh,  New  Jersey,  un- 
der  part  number  M672070  S-2000. 

Any  portion  of  the  beam  from  the  object,  being 
for  instance,  refracted,  scattered  and/or  reflected  in 
the  process  passes  through  a  beam  enhancing 
assembly  88.  The  assembly  88  is  mounted  on  a 
photodetector  assembly  90  such  that  light  that 
passes  through  the  beam  enhancing  assembly  88 
is  detected  by  a  photomultiplier  tube  (PMT)  in  a 
cylindrical  housing.  The  tube  and  housing  comprise 
the  photodetector  assembly  90.  An  acceptable 
photodetector  assembly  90  for  use  in  the  present 
invention  is  available  from  Burle  Industries 
(formerly  of  RCA)  located  at  Lancaster,  Pennsylva- 
nia  under  part  number  8645R. 

The  photomultiplier  tube  (PMI)  converts  the 
sensed  light  to  electrical  signals  representative  of 
the  sensed  light  and  sends  the  signals  through  a 
line  91,  such  as  a  coaxially  shielded  cable,  to  a 
preamplifying  module  94,  a  photomultiplier  control 
module  96,  and  then  through  a  line  93,  such  as  a 
coaxially  shielded  cable,  to  the  computer  86. 

A  second  light  source  98  is  supported  on  the 
plate  38  by  supports  102  on  a  base  plate  104.  A 
similar  mounting  arrangement  can  be  used  to  con- 
nect  the  first  light  source  20  to  the  table  12.  The 
second  light  source  98  can  be  a  helium-neon  laser, 
such  as  model  number  3221  H-P  from  '  Hughes 
Aircraft  Corporation.  Such  a  laser  98  emits  a  sub- 
stantially  collimated  beam  100  of  light  one  millime- 
ter  in  diameter.  The  source  98  is  positioned  to 
direct  the  beam  substantially  parallel  to  a  top  sur- 
face  of  the  plate  38  through  a  beam  splitter  106, 

such  as  cube  beam  splitter  03-BSC-009  from  Mel- 
les  Griot,  previously  mentioned.  A  first  portion  108 
of  the  beam  100  passes  substantially  straight 
through  the  splitter  106  and  a  first  beam  stop  107 

5  with  an  adjustable  iris  to  block  scattered  light  to  a 
flat  mirror  109  that  redirects  the  beam  portion  108 
onto  the  second  flat  reflective  side  of  the  mirror  54. 
The  mirror  54  driven  by  the  galvanometer  56 
causes  the  beam  portion  1  08  to  move  in  a  horizon- 

70  tal  plane  in  a  scanning  fashion. 
Then  the  beam  portion  108  passes  through  a 

sixth  biconvex  lens  110,  like  the  first  lens  50,  which 
focuses  the  beam  portion  108  to  a  point.  The  point 
moving  in  the  horizontal  plane  is  directed  onto  a 

75  light  position  sensor  1  1  2,  such  as  a  position  sensor 
PS-1  00-500  from  Quantrad  of  El  Segundo,  Califor- 
nia.  The  movement  of  the  beam  portion  108  on  the 
sensor  112  is  analogous  to  the  movement  in  one 
direction  of  beam  24  on  the  object  70.  The  sensor 

20  112  converts  the  sensed  light  to  electrical  signals 
representative  of  the  position  of  the  light  on  the 
sensor  112  and  provides  these  signals  through  a 
cable  114  with  3  lines  to  a  galvanometer  control 
module  116. 

25  The  second  laser  98,  the  beam  stop  107,  the 
mirror  109,  the  galvanometer  or  galvo  56,  the  sec- 
ond  side  of  mirror  54,  the  sixth  lens  110,  the 
sensor  112  and  the  galvanometer  control  module 
116  serve  as  an  optically  coupled  servo  system. 

30  A  second  portion  120  of  beam  100  is  split  from 
the  first  portion  108  by  the  splitter  106.  The  second 
beam  portion  120  passes  through  a  second  beam 
stop  122,  like  the  first  beam  stop  107,  to  a  beam 
steering  instrument,  like  that  sold  by  Newport  Cor- 

35  poration,  previously  mentioned,  under  model  num- 
ber  675,  to  a  flat  mirror  124,  through  the  second 
window  in  the  housing  of  the  galvanometer  assem- 
bly  42  onto  another  one  of  the  reflective  faces  of 
the  rotor  30.  The  rotor  30  reflects  the  second  beam 

40  portion  120  out  the  second  window  causing  the 
second  beam  portion  120  to  move  in  a  vertical  (x) 
direction.  Then  the  second  beam  portion  120 
passes  through  a  seventh  biconvex  lens  126  to  a 
second  beam  splitter  128  which  splits  and  directs  a 

45  third  beam  portion  130  to  a  dual  photo  detector  or 
sensor  132,  such  as  a  BiCell  SD-1  13-24-21  -021 
split  photodetector  from  Silicon  Detector  Corpora- 
tion  located  at  Newbury  Park,  California.  Sensor 
132  provides  electrical  signals  indicating  passage 

so  of  the  beam  across  a  first  portion  and  then  a 
second  portion  of  the  sensor  132.  These  signals 
are  sent  over  a  line  134  to  a  scan  detection  circuit 
136.  The  scan  detection  circuit  136  provides  elec- 
trical  signals  over  a  line  138  to  the  computer  sys- 

55  tern  86  and  to  a  frame  or  image  storage  control 
module  140. 

A  fourth  beam  portion  142  passes  substantially 
straight  through  the  second  beam  splitter  128  to  a 

6 
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ronchi  ruling  144  that  has,  for  instance,  50  lines  per 
inch.  As  the  fourth  beam  portion  142  moves  across 
the  ronchi  ruling  144,  it  modulates  the  scanning 
fourth  beam  portion  142  by  blocking  the  light  then 
allowing  it  to  pass  through  in  a  repeating  off  and 
then  on  pattern.  Then  the  modulated  fourth  beam 
portion  142  passes  through  an  eighth  biconvex  lens 
146  to  a  pixel  clock  light  sensor  148.  This  sensor 
148  produces  an  electrical  signal  proportional  to 
the  intensity  of  the  detected  light.  Any  sensor  that 
achieves  this  purpose  can  be  used,  but  silicon 
photodetector  SD-1  72-1  2-22-221  from  Silicon  De- 
tector  Corporation,  mentioned  before,  has  been 
found  to  be  satisfactory.  A  cable  150  transmits 
information  from  the  sensor  148  to  a  preamplifier 
circuit  152,  a  pixel  clock  module  154,  and  then  the 
frame  storage  control  module  140. 

A  start  of  rotation  detector  174,  such  as 
photosensor  model  no.  S351G  from  Skan-A-Matic 
Corporation  with  offices  at  Elbridge,  New  York, 
detects  the  existence  of  a  black  mark  on  the  rotor 
30  and  sends  a  signal  indicating  the  passing  of  the 
mark  past  the  detector  174  through  a  cable  176  to 
the  frame  storage  control  module  1  40. 

A  third  light  source  156  can  be  provided  that 
can  be  used  instead  of  the  first  light  source  20. 
The  third  light  source  156  should  provide  light 
similar  to  the  first  source  20  and  be  tunable  to 
multiple  different  wavelengths.  One  such  source  is 
an  Argon-Ion  laser  Model  65  from  Lexel  Corpora- 
tion  located  at  Freemont,  California.  One 
wavelength  this  particular  laser  emits  is  488  nano- 
meters  which  is  visibly  blue.  The  third  source  156 
can  be  positioned  on  the  table  12  to  project  a 
beam  158  to  a  flat  mirror  160  which  reflects  the 
beam  158  to  pass  through  the  beam  splitter  32 
replacing  the  beam  24  from  the  first  light  source 
20. 

A  confocal  arrangement  may  optionally  be  in- 
cluded  in  the  microscope  system  10.  A  confocal 
arrangement  in  the  scanning  laser  microscope  10 
permits  the  detection  of  light  at  multiple  focal  lay- 
ers  in  a  sample,  storage  of  signals  representative 
of  the  detected  light  and  three  dimensional  image 
reconstructions  of  the  signals. 

The  confocal  arrangement  may  include  a  beam 
splitter  162  positioned  in  the  path  of  beam  24 
between  the  base  plate  46  and  the  galvanometer 
assembly  42;  a  microscope  objective  lens  164,  like 
lens  68;  a  pin  hole  aperture  166;  and  a  light  sensor 
168,  such  as  photomultiplier  8850  from  Burle  In- 
dustries,  previously  mentioned,  connected  by  a  line 
170  to  a  computer.  Beam  24  from  the  first  light 
source  20  passes  through  the  beam  splitter  162  to 
the  rotor  ultimately  to  the  lens  68  as  described 
before.  A  portion  of  the  beam  24  will  be  reflected 
off  the  object  and  retrace  its  path  in  the  opposite 
direction  through  the  lens  68,  off  the  mirror  or 

beam  splitter  66,  through  the  lenses  64,  62  and  60, 
off  the  mirror  54,  through  the  lenses  52  and  60,  off 
the  rotor,  to  the  beam  splitter  162  which  reflects  a 
portion  of  the  reflected  beam  through  the  lens  164 

5  and  the  pin  hole  aperture  166  to  the  sensor  168. 
The  sensor  168  produces  an  electrical  signal  that  is 
a  function  of  the  reflectivity  of  the  object  70.  This 
signal  is  amplified  by  a  preamplifying  module  94'  - 
(not  depicted)  and  controlled  by  a  photomultiplier 

10  control  module  96'  (not  depicted)  before  it  is  re- 
ceived  by  the  computer  system  86.  These  modules 
94  and  96  can  be  identical  to  the  modules  94  and 
96,  respectively. 

Length  adjustable  holders  172  can  position  and 
75  support  the  aforesaid  parts,  i.e.,  the  lens,  beam 

splitters,  mirrors,  pin  hole  aperture,  ronchi  ruling, 
and  sensors,  on  the  support  plates.  Newport  Cor- 
poration,  previously  mentioned,  provides  holders 
VPH-3  or  VPH4  which  are  suitable  for  this  purpose. 

20  Figure  2  depicts  a  simplified  block  diagram  of 
the  scanning  laser  microscope  system  10  shown  in 
Figure  1  with  duplicate  parts  omitted  for  clarity. 
Referring  to  Figure  2,  the  system  10  includes  an 
optical  system  202  (as  described  above),  the 

25  preamplifying  module  94,  the  photomultiplier  con- 
trol  module  96,  the  computer  system  86,  the  stage 
control  module  82,  the  scanning  stage  keypad  and 
display  unit  80,  the  scanning  stage  assembly  74, 
the  galvo  control  module  116,  the  scan  detection 

30  circuit  136,  the  preamplifier  circuit  152,  the  pixel 
clock  module  154,  the  frame  storage  control  mod- 
ule  140,  and  an  operator  panel  204. 

The  optical  system  202,  specifically  the  light 
sensor  148  within  the  optical  system  202,  is  con- 

35  nected  by  the  cable  150  for  sending  signals  to  and 
for  receiving  bias  voltage  from  the  preamplifier 
circuit  152.  The  preamplifier  circuit  152  is  con- 
nected  by  the  line  151  for  sending  signals  to  the 
pixel  clock  module  154.  The  pixel  clock  module 

40  154  is  connected  by  the  line  153  for  sending 
signals  to  the  frame  storage  control  module  140. 

The  optical  system  202,  specifically  the  dual 
photo  sensor  132,  is  connected  by  a  cable  137  for 
sending  signals  to  and  for  receiving  bias  voltage 

45  from  the  scan  detection  circuit  136.  The  scan  de- 
tection  circuit  136  is  connected  by  the  line  138  for 
sending  signals  to  the  frame  storage  control  mod- 
ule  140. 

The  optical  system  202,  specifically  the  posi- 
50  tion  sensor  112,  is  connected  by  the  cable  114  for 

sending  signals  to  and  for  receiving  bias  voltage 
from  the  galvanometer  control  module  116.  The 
galvanometer  control  module  116  is  connected  by 
the  cable  118  for  sending  drive  current  to  the 

55  galvanometer  assembly  58.  The  galvanometer  con- 
trol  module  116  is  also  connected  by  a  line  210  for 
receiving  signals  from  the  frame  storage  control 
module  140. 

7 
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The  optical  system  202,  specifically  the  start  of 
rotation  detector  174,  is  connected  by  the  cable 
176  for  sending  signals  to  and  receiving  power 
from  the  frame  storage  control  module  1  40. 

The  optical  system  202,  specifically  the 
photodetector  assembly  90,  is  connected  by  the 
line  91  for  sending  signals  to  the  preamplifying 
module  94  which  in  turn  is  connected  by  the  line 
95  for  sending  signals  to  the  photomultiplier  control 
module  96.  The  photomultiplier  control  module  96 
is  connected  by  the  line  97  for  sending  control 
voltage  to  the  optical  system  202,  specifically  the 
photodetector  assembly  90.  The  photomultiplier 
control  module  96  is  also  connected  by  the  line  93 
for  sending  detected  light  or  VIDEO  signals  to  the 
computer  system  86. 

The  computer  system  86  is  connected  by  a 
cable  84  for  communicating  with  the  stage  control 
module  82  which  in  turn  is  connected  by  cables  84 
to  the  scanning  stage  assembly  74  and  the  scan- 
ning  stage  keypad  and  display  unit  80.  The  com- 
puter  system  86  is  also  connected  by  lines  21  6  for 
receiving  signals  from  the  frame  storage  control 
module  140. 

The  frame  storage  control  module  140  is  also 
connected  by  lines  for  sending  signals  to  and  for 
receiving  signals  from  an  operator  panel  204. 

Referring  to  Figure  3,  there  is  illustrated  a 
detailed  side  view  of  a  modified  microscope  base 
300  with  certain  parts  shown  in  section  and  other 
parts  omitted  for  clarity  as  used  in  the  preferred 
embodiment  of  the  present  invention.  The  base 
300  has  a  lower  portion  302  connected  to  an  upper 
portion  304  by  an  intermediate  portion  306.  The 
photodetector  assembly  90  is  mounted  partially 
recessed  in  a  hole  308  in  the  lower  portion  302. 
The  upper  portion  304  has  a  top  surface  310.  A 
track  312  is  connected  to  the  top  surface  310,  such 
as  by  one  or  more  screws  314.  The  track  312  is  for 
supporting  the  third,  fourth  and  fifth  biconvex  len- 
ses  60,  62  and  64. 

Any  means  can  be  used  to  support  the  lenses 
on  the  track  312.  Figure  3  shows  lenses  60  and  62 
held  in  cylindrical  lens  holders  316  by  retaining 
rings  318  such  as  a  c-ring.  Referring  to  Figure  3, 
the  lens  holders  316  are  connected  to  a  cylindrical 
support  320  by  set  screws  322.  Lens  64  is  held  in 
a  cylindrical  support  330  by  retaining  rings  or 
pieces  323.  The  supports  320  and  330  are  con- 
nected  to  clamps  324  by  screws  326.  The  clamps 
324  are  positionable  along  and  connect  to  the  track 
312.  When  either  one  of  the  clamps  324  is  moved 
along  the  track  312,  a  head  of  one  of  the  screws 
326  holding  the  support  to  the  clamp  324  moves  in 
a  clearance  slot  328  in  the  track  31  2. 

The  mirror  or  beam  splitter  66  is  supported 
within  a  cylindrical  wall  336  having  an  opening  338 
and  a  lower  flange  340.  The  cylindrical  wall  336 

surrounds  a  passage  342.  The  flange  340  rests  on 
a  dovetail  holding  fixture  344  around  the  passage 
342.  A  passage  346  in  the  upper  portion  304  con- 
nects  the  passage  342  to  the  planoapochromat 

5  microscope  objective  lens  68.  The  lens  68  can  be 
one  of  a  plurality  of  lenses  on  a  rotatable  turret 
assembly  348.  A  spacer  ring  shaped  block  350  fits 
around  the  cylindrical  wall  336  and  on  the  flange 
340.  A  housing  352  is  positioned  on  the  spacer 

70  block  350  over  the  mirror  66.  Screws  356  connect 
the  flange  340,  the  spacer  block  350  and  the 
housing  352  together.  The  thicknesses  of  the  fix- 
ture  344  and  the  block  350  and  the  flange  340  are 
chosen  to  align  the  mirror  or  beam  splitter  66  to 

75  intercept  the  beam  24  from  the  lens  64  and  direct 
it  to  the  planoapochromat  microscope  objective 
lens  68.  The  top  surface  310  of  the  base  300  can 
have  different  levels  to  help  align  the  parts.  For 
instance,  in  Figure  3  the  top  surface  310  has  a 

20  lower  portion  in  which  the  fixture  344  is  partially 
recessed  and  a  higher  portion  upon  which  the  track 
312  is  mounted. 

A  second  enhancing  assembly  88  can  be  lo- 
cated  above  the  beam  splitter  66  to  receive  light 

25  reflected  from  the  object  after  the  reflected  light 
has  passed  through  the  passage  346,  the  passage 
342  and  the  beam  splitter  66.  The  preferred  em- 
bodiment  for  this  second  enhancing  assembly  88  is 
illustrated  in  Figure  6B.  Another  photodetector  as- 

30  sembly  90  is  positioned  to  receive  the  reflected 
light  from  the  second  enhancing  means  88.  The 
another  photodetector  assembly  90  can  be  iden- 
tical  to  the  assembly  90.  Further,  the  signal  from 
the  assembly  90  is  similarly  sent  to  a  pream- 

35  plifying  module  94  (like  modules  94  and  94  ),  a 
photodetector  control  module  96  (like  modules  96 
and  96')  and  then  the  computer  system  86,  specifi- 
cally,  for  instance,  to  a  frame  buffer  278. 

Referring  to  Figure  3A,  there  is  shown  a  side 
40  view  of  a  microscope,  such  as  available  from  E. 

Leitz,  Incorporated,  under  model  name  Ergolux, 
that  can  be  modified  for  use  as  illustrated  in  Figure 
3.  The  microscope  includes  the  lower  portion  302 
with  the  hole  308.  A  light  source  (not  depicted)  and 

45  a  mirror  360  are  typically  mounted  in  the  lower 
portion  302  and  aligned  to  direct  light  from  the  light 
source  through  a  lens  358  mounted  in  the  hole 
308.  For  the  purposes  of  the  present  invention,  the 
light  source,  the  mirror  360  and  the  lens  358  can 

50  be  removed  and  then  the  photodetector  assembly 
90  is  mounted  partially  recessed  in  the  hole  308. 

The  microscope  further  includes  an  illumination 
assembly  362,  a  filter  assembly  364  and  the  hous- 
ing  mounted  on  the  top  portion  304  of  the  base 

55  300.  For  the  purposes  of  the  present  invention,  the 
illumination  assembly  362  and  the  filter  assembly 
364  are  removed,  the  top  surface  310  is  machined 
flat  to  accept  track  312,  and  the  housing  352  is 
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repositioned  as  described  above. 
The  microscope  further  includes  a  stage  as- 

sembly  368  and  a  top  and  eye  piece  366  which 
can  be  removed  for  the  purposes  of  the  present 
invention.  The  computer  controllable  scanning 
stage  assembly  74  described  before  can  be  substi- 
tuted  for  the  typical  stage  assembly  368. 

Referring  to  Figures  4  and  4A,  there  is  illus- 
trated  a  first  embodiment  88'  of  the  beam  enhanc- 
ing  assembly  88  in  accordance  with  the  present 
invention.  This  first  beam  enhancing  assembly  88 
comprises  a  lower  housing  400  having  a  cylindrical 
opening  or  passage  402  for  receiving  and  rotatably 
mounting  on  the  photodetector  assembly  90.  A 
thumb  screw  404  is  provided  to  threadably  pass 
through  a  hole  in  the  lower  housing  400  to  fasten 
the  housing  400  to  the  assembly  90. 

The  housing  400  has  a  slot  406  for  receiving  a 
light  shield  or  support  plate  408  linearly  slidable  in 
the  slot  406.  A  track  piece  410  extends  in  and  is 
slidable  through  a  generally  rectangular  hole  412  in 
the  support  plate  408.  A  ring  or  holder  seat  414  is 
bonded  in  a  slot,  such  as  by  epoxy,  at  one  end  of 
the  track  piece  410  that  extends  into  the  lower 
housing  cylindrical  opening  402.  The  ring  414  sets 
in  a  groove  around  a  cylindrical  filter  holder  416 
which  is  rotatable  in  the  ring  414.  A  spatial  filter 
418  rests  in  notches  in  one  end  of  the  filter  holder 
416.  A  C-ring  420  holds  the  filter  418  in  the  holder 
416.  The  spatial  filter  418  has  an  aperture  shaped 
to  substantially  match  a  uniform  intensity  level  area 
in  an  interference  pattern  formed  when  linearly 
polarized  substantially  monochromatic  light  is 
transmitted  through  the  object  70.  In  one  preferred 
embodiment  the  spatial  filter  418  can  be  a  metal 
reticle  having  a  cross  or  plus  shaped  aperture. 
Suitable  for  use  is  metal  reticle  70.1045  from  Rolyn 
Optics  Company  of  Covina,  California. 

An  actuating  wire  or  member  422  is  slidably 
positioned  in  a  groove  in  the  track  piece  410.  A 
first  end  of  the  actuating  wire  422  connects  to  the 
filter  holder  416.  A  second  end  of  the  wire  422  is 
bonded,  such  as  with  epoxy  in  a  hole  of  a  slider 
424  which  is  also  slidably  positioned  in  a  groove  of 
the  track  piece.  The  first  end  of  the  wire  422  is 
connected  to  the  filter  holder  416  by  a  hook  in  the 
wire  fitting  into  a  hole  in  holder  416.  The  grooves  in 
the  track  piece  410  and  the  wire  422  are  angularly 
shaped  such  that  when  the  slider  424  is  moved 
towards  the  wire  422  the  first  end  of  the  wire  422  is 
pushed  generally  in  a  direction  that  it  is  angled 
from  a  longitudinal  axis  of  the  track  piece  410. 

A  retaining  plate  426  and  a  clamp  428  are 
fastened  to  the  track  piece  410  by  screws  430 
covering  part  of  the  wire  422  and  the  slider  424.  An 
upper  housing  432  connects  to  the  lower  housing 
400  by  screws  434.  The  upper  housing  432  has  a 
cylindrical  passage  436  which  is  concentric  with 

the  lower  housing  opening  402  when  connected 
together. 

A  screw  438  is  retained  in  the  slider  424  by  a 
retaining  collar  439  bonded  to  the  screw  438.  The 

5  screw  438  threadably  engages  the  clamp  428  such 
that  when  the  screw  438  is  turned  the  slider  424 
and  the  wire  422  slide  in  the  groove  of  the  track 
piece  410.  This  in  turn  moves  the  end  of  the  wire 
422  connected  to  the  holder  416  rotating  the  holder 

70  416  in  the  ring  414. 
A  slidable  holder  440  slidably  rests  in  a  groove 

of  the  lower  housing  400.  A  screw  442  passes 
through  a  biasing  spacer  444,  a  washer  446,  and  a 
support  bracket  448.  Then  the  screw  442  engages 

75  a  retaining  collar  450  that  is  bonded  to  the  screw 
442.  The  screw  442  then  passes  through  the  slida- 
ble  holder  440  and  is  threadably  connected  to  the 
clamp  428.  When  the  screw  442  is  turned,  it  moves 
the  clamp  428,  the  track  piece  410,  the  support 

20  plate  408  in  the  slot  406,  the  ring  414,  the  holder 
416  and  the  filter  418,  all  as  a  single  structure  in  a 
first  linear  direction. 

A  screw  452  passes  through  a  biasing  spacer 
454,  a  washer  456,  and  an  end  plate  458  which  is 

25  secured  to  the  lower  housing  400  by  screws  462. 
Then  the  screw  452  engages  a  retaining  collar  460 
(that  is  bonded  to  the  screw  452).  Then  the  screw 
452  passes  through  the  end  plate  458  and  is 
threadably  connected  to  the  slidable  holder  440. 

30  Thus,  when  the  screw  452  is  turned,  it  moves  the 
holder  440,  the  clamp  428,  the  track  piece  410 
through  the  hole  412,  the  ring  414,  the  holder  416, 
and  the  filter  418,  all  as  a  single  structure  in  a 
second  linear  direction  which  is  perpendicular  to 

35  the  first  linear  direction. 
A  polarizing  filter  holder  464  is  fastened  in  one 

end  of  the  upper  housing  passage  436  by  a  thumb 
screw  466.  A  polarizing  filter  468  is  held  in  a 
passage  of  the  filter  holder  464  by  a  C-ring. 

40  The  first  beam  enhancing  assembly  88  ,  as  just 
described  and  illustrated  in  Figures  4  and  4A,  is 
capable  of  passing  light  rays  through  the  variably 
positionable  cross  shaped  opening  and  blocking  all 
other  light  rays  from  the  assembly  90.  Further,  the 

45  filter  418  is  adjustably  positionable  in  two  per- 
pendicular  linear  directions  and  in  an  angular  direc- 
tion. 

The  assembly  88  is  particularly  useful  when 
detecting  light  from  a  birefringent  object  and  more 

so  particularly  a  birefringent,  partially  transparent  ob- 
ject.  The  cross  shape  of  the  aperture  in  the  filter 
418  allows  a  large  uniform  portion  of  a  typical  light 
interference  pattern  caused  by  passing  polarized 
light  through  a  birefringent  material  to  be  detected 

55  by  the  assembly  90.  The  portion  of  light  that 
passes  through  the  cross  shaped  aperture  has 
been  found  to  contain  increased  anomally  informa- 
tion  concerning  the  object  structure  which  pro- 
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duces  remarkably  clear  signals  detectable  by  the 
assembly  90  as  compared  to  prior  art  microscopes 
including  prior  laser  scanning  microscope  systems. 

Referring  to  Figures  5  and  5A,  there  is  illus- 
trated  a  second  embodiment  88  of  the  beam  en- 
hancing  assembly  88  in  accordance  with  the 
present  invention.  This  second  beam  enhancing 
assembly  88"  has  a  longitudinal  axis  501  and  com- 
prises,  from  bottom  to  top,  a  base  500,  a  rotatable 
holder  502,  a  spatial  filter  plate,  504,  a  rotatable 
disk  506,  a  support  508,  a  filter  holder  510,  and  a 
polarizing  filter  512. 

The  base  500  has  a  cylindrical  passage  514  for 
rotatably  mounting  on  the  photodetector  assembly 
90.  A  thumb  screw  516  can  fix  the  base  500  to  the 
assembly  90.  The  passage  514  has  a  shoulder  518 
for  receiving  a  lower  portion  520  of  the  holder  502. 

The  holder  502  is  generally  shaped  as  a  disk 
having  a  lower  portion  '520;  a  middle  portion  includ- 
ing  circumferential  grips  522,  an  annular  groove 
524,  an  optical  aperture  526  and  an  off  center  pin 
528  extending  up;  and  an  upper  ring  portion  530.  A 
thumb  screw  556  fixes  the  base  500  to  the  holder 
502. 

The  spatial  filter  plate  504  has  an  off  center 
hole  532  for  receiving  the  pin  528.  The  plate  504 
further  has  an  upper  radial  groove  536  and  an 
optical  aperture  534,  which  is  smaller  than  the 
holder  optical  aperture  526,  for  aligning  above  the 
holder  optical  aperture  526.  The  filter  plate  aperture 
534  can  be  any  shape  desired,  but  for  purposes  of 
illustration  it  is  depicted  as  circular.  The  filter  plate 
504  is  smaller  than  the  holder  502,  such  that  when 
the  pin  528  of  the  holder  502  is  in  the  hole  532  of 
the  filter  plate  504,  the  filter  plate  5Q4  does  not 
extend  radially  to  the  annular  groove  524  through 
most  of  the  filter  plate's  rotation  about  the  pin  528 
and  the  filter  plate  504  does  not  extend  above  the 
ring  portion  530.  A  nylon  tipped  set  screw  523  can 
be  used  to  increase  friction  between  the  holder  502 
and  the  rotatable  disk  506. 

The  rotatable  disk  506  has  circumferential  grips 
and  an  optical  aperture  538  larger  than  and  alig- 
nable  above  the  filter  plate  aperture  534  and  the 
holder  aperture  526.  The  disk  506  further  has  an 
off  center  downwardly  projecting  pin  540  and  a 
lower  shoulder  542  with  a  downwardly  projecting 
tang  544  on  the  shoulder  542.  Although  the  tang 
544  is  illustrated  in  Figure  5,  in  reality  the  tang  544 
would  not  been  seen  in  the  Figure  5  perspective.  In 
Figure  5,  the  tang  544  is  actually  connected  to  the 
shoulder  542  about  at  the  point  farthest  from  the 
viewer.  The  pin  540  extends  into  the  filter  plate 
radial  groove  536.  The  tang  544  extends  into  the 
holder  annular  groove  524. 

The  support  508  has  a  cylindrical  passage  554 
coaxial  with  the  base  passage  514  and  alignment 
holes  548  for  receiving  locating  pins  546  on  the 

base  500.  Screws  550  secure  the  support  508  to 
the  base  500.  The  base  500  has  a  step  552  for 
providing  a  space  between  the  support  508  and  the 
remainder  of  the  base  500  for  rotatably  trapping 

5  the  holder  502,  the  plate  504  and  the  disk  506 
therebetween. 

A  polarizing  filter  558  in  a  holder  560  is  se- 
cured  by  a  thumb  screw  562  within  the  support 
passage  554. 

70  When  the  holder  502,  the  filter  plate  504  and 
the  disk  506  are  stationary,  the  passage  of  light 
through  the  assembly  88  is  limited  by  the  filter 
plate  aperture  534  because  it  is  the  smallest  one  of 
the  three  apertures.  Further,  the  spatial  or  optical 

75  apertures  538,  534,  and  526  are  always  aligned 
permitting  light  to  pass  through  the  filter  plate 
aperture  534  regardless  of  where  it  is  located.  The 
position  of  the  filter  plate  aperture  534  is  moved  by 
rotating  the  assembly  88"  with  respect  to  the  as- 

20  sembly  90  or  by  rotating  one  or  both  of  the  disk 
506  or  the  holder  502  with  respect  to  the  base  500. 

When  the  disk  506  is  rotated  clockwise  looking 
down  in  Figures  5  and  5A  until  it  stops  rotating  with 
respect  to  the  holder  502,  the  filter  plate  aperture 

25  534  is  symmetric  about  the  axis  501  of  the  assem- 
bly  88  ,  the  tang  544  is  at  a  first  end  of  the  annular 
groove  524,  and  the  pin  540  is  close  to  the  axis 
501.  From  this  position,  if  the  disk  506  is  rotated 
counterclockwise  looking  down  in  Figures  5  and  5A 

30  with  respect  to  the  holder  502,  the  filter  plate 
aperture  534  moves  in  an  arc  away  from  the  axis 
501  ,  the  tang  544  moves  along  the  annular  groove 
524  away  from  its  first  end  towards  its  second  end, 
and  the  pin  538  moves  along  the  groove  536  away 

35  from  the  axis  501.  The  disk  506  stops  rotating 
counterclockwise  with  respect  to  the  holder  502 
when  the  tang  544  contacts  the  second  end  of  the 
annular  groove  524.  At  any  position  of  the  filter 
plate  aperture  534  along  the  arc,  the  disk  506  and 

40  the  the  holder  502  can  be  rotated  in  unison  to 
cause  the  filter  plate  aperture  534  to  rotate  about 
the  axis  501  . 

The  second  beam  enhancing  assembly  88  ,  as 
just  described  and  illustrated  in  Figures  5  and  5A, 

45  is  capable  of  blocking  light  from  entering  into  the 
photodetector  assembly  90,  except  for  light  rays 
passing  through  the  optical  apertures  538,  534,  and 
526.  Like  the  enhancing  assembly  88  ,  the  enhanc- 
ing  assembly  88  is  particularly  useful  when  view- 

so  ing  a  birefringent  object.  In  addition,  this  assembly 
88  is  particularly  useful  in  detecting  rays  caused 
by  absorptive  foreign  bodies  in  the  object  and 
scattering  anomalies. 

Referring  to  Figures  6  and  6A,  there  is  illus- 
55  trated  a  third  embodiment  88"'  of  the  beam  enhanc- 

ing  assembly'  88  in  accordance  with  the  present 
invention.  This  third  beam  enhancing  assembly  88 
comprises  a  base  602  including  a  cylindrical  por- 

10 



19 EP  0  363  931  A2 20 

tion  604  for  mounting  on  the  photodetector  assem- 
bly  90.  The  cylindrical  portion  604  is  connected  to 
a  support  plate  portion  606  having  a  circular  pas- 
sage  608  through  it  about  an  axis  610  for  allowing 
light  to  enter  the  photodetector  assembly  90. 

An  iris  diaphragm  assembly  612,  such  as  as- 
sembly  model  no.  75.0175  from  Rolyn  Optics  Com- 
pany,  is  on  the  support  plate  portion  606.  The  iris 
diaphragm  assembly  612  includes  a  frame  614 
from  which  a  shutter  or  iris  diaphragm  616  extends 
to  and  from  the  axis  610  providing  a  variable  ap- 
erture  with  a  diameter  that  is  adjustable  by  an 
actuating  arm  61  8. 

A  cylindrical  housing  620  with  a  window  622 
and  open  ends  is  connected  at  one  of  its  ends  to 
the  plate  portion  606.  A  sleeve  support  624  is 
positioned  within  the  housing  620.  The  sleeve  sup- 
port  624  has  two  ends,  an  internal  upper  shoulder 
626  and  an  internal  lower  shoulder  628.  One  of  the 
ends  of  the  sleeve  support  624  contacts  the  plate 
portion  606.  The  iris  diaphragm  assembly  612  is 
held  in  position  by  and  between  the  internal  lower 
shoulder  628  and  the  internal  lower  shoulder  628. 
The  sleeve  support  624  has  a  recess  630  in  its 
outer  surface  and  a  hole  632  in  the  recess  630. 
The  recess  630  is  aligned  with  the  window  622. 
The  cylindrical  housing  620  can  be  secured  to  the 
base  602  by  screws,  epoxy  or  any  other  suitable 
means.  The  sleeve  support  624  can  be  secured  to 
the  housing  620  by  screws,  epoxy  or  any  other 
suitable  means. 

A  rod  or  arm  634  passes  through  the  window 
622,  the  recess  630  and  the  hole  632  such  that  a 
first  end  of  the  rod  634  extends  inside  the  sleeve 
support  624  and  a  second  end  of  the  rod  634 
extends  outside  the  cylindrical  housing  620.  The 
first  end  of  the  rod  634  supports  a  light  blocking 
black  disk  or  member  636  generally  perpendicular 
to  the  axis  610.  The  disk  636  can  be  circular  in 
shape.  A  grip  638  is  attached  to  the  second  end  of 
the  rod  634.  The  sleeve  support  624  includes  a  rod 
or  arm  support  640  which  extends  through  the 
window  622  and  into  the  recess  630  and  is  moun- 
ted  on  the  sleeve  support  624  by  pairs  642  of 
screws  and  washers.  The  rod  634  is  slidably  sup- 
ported  in  a  passage,  in  a  light  tight  manner,  in  the 
support  640.  Arms  .644  of  the  support  640  posi- 
tioned  above  and  below  the  grip  638  prevent  the 
rod  634  from  rotating. 

A  first  biconvex  lens  646  is  supported  on  the 
internal  upper  shoulder  626  of  the  sleeve  support 
624.  A  cylindrical  spacer  648,  which  can  be  any 
material  such  as  plastic,  is  positioned  inside  and 
contacting  the  sleeve  624  on  the  first  biconvex  lens 
646.  A  second  biconvex  lens  650  rests  on  the 
spacer  648.  An  annular  retaining  plate  652  is 
mounted  to  the  top  end  of  the  sleeve  624  by 
screws  654  to  secure  the  lenses  646,  650  and 

spacer  648  within  the  sleeve  624. 
The  third  beam  enhancing  assembly  88  ,  as 

just  described  and  illustrated  in  Figures  6  and  6A, 
is  particularly  useful  for  detecting  light  scattered  by 

5  the  object  70.  The  disk  636  is  linearly  positionable 
within  the  sleeve  624  by  moving  the  grip  638.  The 
disk  636  is  angularly  positionable  within  the  sleeve 
624  by  rotating  the  base  602  with  respect  to  the 
assembly  90.  As  such,  the  disk  636  and  the  iris 

10  diaphragm  616  can  be  positioned  so  that  light 
which  is  unaffected  by  the  object  70  will  be  bloc- 
ked  and  not  pass  to  the  assembly  90.  In  such  a 
case,  light  scattered  by  the  object  will  be  detected 
by  the  assembly  90.  The  disk  636  and  the  iris 

75  diaphragm  616  can  be  positioned  with  respect  to 
each  other  such  that  an  annular  or  ring  shaped 
aperture  is  jointly  defined  by  the  disk  636  and  the 
iris  diaphragm  616. 

Referring  to  Figure  6B,  there  is  illustrated  a 
20  fourth  embodiment  88""  of  the  beam  enhancing 

assembly  88  in  accordance  with  the  present  inven- 
tion.  This  fourth  beam  enhancing  assembly  88" 
comprises  a  base  680  including  a  cylindrical  por- 
tion  for  mounting  on  the  photodetector  assembly 

25  90'.  The  cylindrical  portion  is  connected  to  an 
annular  support  plate  portion. 

One  end  of  a  cylindrical  wall  670  is  connected 
to  the  annular  support  plate  portion  of  the  base 
680.  Another  iris  diaphragm  or  spatial  filter  assem- 

30  bly  612,  like  the  one  described  in  relation  to  Fig- 
ures  6  and  6A,  is  located  in  the  cylindrical  wall  670 
adjacent  the  base  annular  support  plate  portion. 

The  other  end  of  the  cylindrical  wall  670  has  a 
ring  shaped  projection  672  for  inserting  into  a  re- 

35  cessed  area  of  the  housing  352.  See  Figure  3. 
The  cylindrical  wall  670  has  an  internal  shoul- 

der  674  near  its  other  end,  the  end  with  the  projec- 
tion  672.  A  biconvex  lens  676  is  held  against  the 
shoulder  674  by  a  holder  678,  such  as  a  C-ring. 

40  The  lens  676  is  positioned  to  focus  light  reflected 
from  the  object  70  through  the  variable  aperture  of 
the  iris  diaphragm  assembly  612  to  an  area  on  the 
photomultiplier  tube  682  of  the  photodetector  as- 
sembly  90'.  As  mentioned  before,  the  signal  repre- 

45  sentative  of  light  reflected  from  the  object  is  sent  to 
a  preamplifying  module  94  (not  depicted),  to  a 
photodetector  control  module  96  (not  depicted) 
and  then  the  computer  system  86,  specifically,  for 
instance,  to  the  frame  buffer  278. 

so  The  fourth  beam  enhancing  assembly  88  al- 
lows  a  greater  amount  of  light  reflected  from  the 
object  70  to  be  detected  than  through  use  of  the 
confocal  arrangement  previously  described  in  rela- 
tion  to  Figure  1  . 

55  Referring  to  Figure  6C,  there  is  illustrated  a hi  It fifth  embodiment  88  of  the  beam  enhancing  as- 
sembly  88  in  accordance  with  the  present  inven- 
tion.  This  fifth  beam  enhancing  assembly  88""  is 
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the  same  as  the  fourth  beam  enhancing  assembly 
88""  as  described  above,  except  a  wavelength 
selective  filter  is  secured  between  the  object  and 
the  photomultiplier  tube  instead  of  an  iris  dia- 
phragm  assembly. 

More  specifically,  the  fifth  beam  enhancing  as- 
sembly  88  ""  comprises  a  base  605  including  a 
cylindrical  portion  607  for  mounting  on  the 
photodetector  assembly  90'.  The  cylindrical  portion 
606  is  connected  to  an  annular  support  plate  por- 
tion  609. 

One  end  of  a  tubular  connector  or  housing  61  1 
is  connected  to  the  annular  support  plate  portion 
609  of  the  base  605.  A  wavelength  selective  filter 
assembly  613  is  located  in  the  tubular  connector 
611  between  a  biconvex  lens  619  and  the 
photomultiplier  tube  682.  The  wavelength  selective 
filter  assembly  can  comprise  a  first  band  pass  filter 
assembly  613  adjacent  the  photodetector  assembly 
90',  a  second  band  pass  filter  assembly  635  adja- 
cent  the  lens  619  and/or  a  dichroic  beam  splitter 
assembly  633. 

A  second  end  of  the  tubular  connector  61  1  has 
a  ring  shaped  projection  615  for  inserting  into  a 
recessed  area  of  the  housing  352.  See  Figure  3. 

The  tubular  connector  611  has  an  internal 
shoulder  617  near  its  second  end.  The  biconvex 
lens  619  is  held  against  the  shoulder  617  by  a 
holder  621,  such  as  a  C-ring.  The  lens  619  is 

.positioned  to  focus  light  reflected  from  the  object 
70  through  the  wavelength  selective  filter  613  to  an 
area  on  the  photomultiplier  tube  682  of  the 
photodetector  assembly  90  .  As  mentioned  before, 
the  signal  representative  of  light  reflected  from  the 
object  is  sent  to  a  preamplifying  module  94  (not 
depicted),  to  a  photodetector  control  module  96"  - 
(not  depicted)  and  then  the  computer  system  86, 
specifically,  for  instance,  to  the  frame  buffer  278. 

The  tubular  connector  611  can  have  a  third  end 
connected  to  an  annular  support  plate  portion  623 
of  a  base  625.  Another  band  pass  filter  assembly 
627  can  be  located  in  the  tubular  connector  611 
adjacent  the  base  annular  support  plate  portion 
623.  The  base  625  has  a  cylindrical  portion  629  for 
mounting  on  a  photodetector  assembly  90  '  includ- 
ing  a  photomultiplier  tube  631  which  is  electrically 
connected  to  a  preamplifying  module  94"  (not  de- 
picted),  then  to  a  photodetector  control  module  96™ 
(not  depicted)  and  then  to  the  computer  system  86, 
specifically,  for  instance,  to  the  frame  buffer  278. 

The  dichroic  beam  splitter  assembly  633  al- 
lows  wavelengths  either  above  or  below  a  certain 
wavelength  to  pass  through  the  dichroic  beam 
splitter  assembly  633  through  the  band  pass  filter 
assembly  613  to  an  area  on  the  photomultiplier 
tube  682  of  the  photodetector  assembly  90'  and 
reflects  all  other  wavelengths  through  the  band 
pass  filter  assembly  627  to  an  area  on  the 

photomultiplier  tube  631  of  the  photodetector  as- 
sembly  90". 

Referring  to  Figure  6D,  there  is  illustrated  a tttiu sixth  embodiment  88  of  the  beam  enhancing 
5  assembly  88  in  accordance  with  the  present  inven- 

tion.  This  sixth  beam  enhancing  assembly  88 
comprises  a  base  641  including  a  cylindrical  por- 
tion  643  for  mounting  on  the  photodetector  assem- 
bly  90  .  The  cylindrical  portion  643  is  connected  to 

io  an  annular  support  plate  portion  645. 
A  wavelength  selective  filter  assembly,  such  as 

a  band  pass  filter  assembly  647,  is  connected  to 
the  annular  support  plate  portion  645.  the  band 
pass  filter  assembly  647  comprises  a  housing  647, 

75  a  disk  651  rotatable  about  an  axis,  a  plurality  of 
band  pass  filters  653  mounted  in  the  disk  651  at  an 
equal  radial  distance  from  the  disk  axis  of  rotation, 
and  a  motor  assembly  655  supported  by  the  hous- 
ing  647  to  rotate  the  disk  651  within  the  housing 

20  647  to  selectively  position  any  one  of  the  band 
pass  filters  653  in  the  path  of  light  detected  by  the 
photodetector  assembly  90'.  Each  of  the  filters  653 
permits  a  different  range  of  light  wavelenths  to 
pass  through  it  and  blocks  all  other  wavelengths.  A 

25  suitable  band  pass  filter  assembly  647  can  be 
purchased  under  model  number  77371  from  Oriel 
Corporation  with  offices  in  Stafford,  Connecticut. 
The  motor  assembly  655  can  be  connected  to  the 
computer  system  86  such  that  an  operator  can 

30  select  by  inputting  through  a  keyboard  the  particu- 
lar  band  of  light  wavelengths  desired  to  be  de- 
tected  by  the  photodetector  assembly  90  ,  thus, 
selecting  and  rotating  the  corresponding  filter  653 
to  be  positioned  in  front  of  the  photodetector  as- 

35  sembly  90'. 
One  end  of  a  cylindrical  wall  657  is  connected 

to  the  housing  647.  The  other  end  of  the  cylindrical 
wall  657  has  a  ring  shaped  projection  659  for 
inserting  into  a  recessed  area  of  the  housing  352. 

40  See  Figure  3. 
The  cylindrical  wall  657  has  an  internal  shoul- 

der  661  near  its  other  end,  the  end  with  the  projec- 
tion  659.  A  biconvex  lens  663  is  held  against  the 
shoulder  661  by  a  holder  665,  such  as  a  C-ring. 

45  The  lens  663  is  positioned  to  focus  light  reflected 
from  the  object  70  through  the  selected  filter  653  of 
the  filter  assembly  647  to  an  area  on  the  photomul- 
tiplier  tube  682  of  the  photodetector  assembly  90'. 
As  mentioned  before,  the  signal  representative  of 

so  light  reflected  from  the  object  is  sent  to  a  pream- 
plifying  module  94  (not  depicted),  to  a  photodetec- 
tor  control  module  96"  (not  depicted)  and  then  the 
computer  system  86,  specifically,  for  instance,  to 
the  frame  buffer  278. 

55  The  fifth  and  sixth  beam  enhancing  assemblies mil  II  it  II 88  ,  8  are  used  for  luminescence  microscopy. 
The  emission  of  light  by  certain  objects  is  called 
luminescence.  There  are  different  kinds  of  lumines- 
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cence.  First,  fluorecence  is  light  which  is  emitted 
practically  simultaneously  with  the  introduction  of 
an  excitation  energy  and  which  ceases  as  soon  as 
the  exciting  radiation  ceases.  Second,  phosphores- 
cence  is  light  which  is  emitted  and  persists  some  5 
time  after  excitation  is  removed.  For  instance,  laser 
20  or  laser  156  can  be  chosen  to  emit  a  beam  24 
of  light  that  stimulates,  excites  or  causes  an  object 
70  or  particles  in  an  object  to  fluoresce  or  emit 
light.  The  wavelength  selective  filter  assemblies  ro 
613  and  647  are  chosen  to  block  all  light  from 
passing  through  them  including  the  wavelength(s) 
of  the  laser  beam  24  and  allows  only  the  fluores- 
cent  wavelengths  being  excited  and  emitted  by  the 
object  to  be  detected  by  the  corresponding  75 
photpdetector  assembly.  Furthermore,  laser  20  and 
laser  156  can  be  chosen  to  simultaneously  emit 
beams  of  light  that  stimulate,  excite  or  cause  an 
object  70  or  particles  in  an  object  to  fluoresce  or 
emit  different  wavelengths  of  light.  These  different  20 
wavelengths  can  be  simultaneously  or  sequentially 
detected  by  different  photodetector  assemblies  in 
the  same  enhancing  assembly  88,  such  as  in  en- 
hancing  assembly  88'  ,  and/or  by  different 
photodetector  assemblies  in  different  enhancing  as-  25 
semblies  88,  such  as  having  an  enhancing  assem- ///« bly  88  connected  between  the  photodetector  as- 
sembly  90  and  the  housing  352  in  Figure  3  and  a nut second  enhancing  assembly  88  connected  be- 
tween  the  photodetector  assembly  168  and  the  30 
beam  stop  166  in  Figure  1. 

Thus,  the  scanning  laser  microscope  system 
10  may  serve  the  additional  function  of  exciting 
fluorescent  molecules  in  the  object  70.  When  used 
for  florescence  microscopy,  the  light  detected  by  35 
the  photomultiplier  tube  and  the  image  formed  re- 
present  only  the  fluorescent  portion  of  the  object. 
Since  only  very  specific  wavelengths  will  be  ab- 
sorbed  or  emitted  by  a  particular  fluorescent  mol- 
ecule,  such  as  a  fluorophore,  the  laser  and  the  40 
wavelength  selective  filters  must  be  chosen  to  al- 
low  detection  of  the  emitted  fluorescence. 

The  object  70  may  be  of  biological  or  other 
origin.  The  fluorescence  may  be  due  to 
fluorophores  naturally  present  in  the  object,  or  the  45 
object  may  be  treated  with  fluorescent  molecules 
to  label  desired  components  in  the  sample.  Other 
types  of  luminescence,  such  as,  bioluminescence 
and  chemiluminescence,  do  not  require  excitation 
by  a  light  source  to  emit  light.  50 

The  scanning  laser  microscope  system  10  in 
fluorescence  mode  may  be  used  for  the  detection, 
enumeration,  and  analysis  of  fluorescently  labeled 
bacteria,  yeast,  molds,  and  microbial  spores.  Any 
method  that  fluorescently  labels  microorganisms  55 
may  be  used,  including  treatment  with  direct  flu- 
orescent  reagents,  fluorescent  tagged  antibodies  or 
lectins  for  immunofluorescence  or  lectin  fluores- 

cence  assays,  or  fluorescent  vital  stains  as  indica- 
tors  of  viability.  Fluorescently  labeled  microorgan- 
isms  may  be  placed  on  any  appropriate  surface  for 
scanning. 

Microorganisms  isolated  from  food  and  bev- 
erage  samples,  sanitation  swabs,  or  clinical  sam- 
ples  such  as  urine  may  be  fluorescently  labeled  for 
detection,  enumeration,  and/or  determination  of  via- 
bility.  This  approach  may  be  used  in  place  of,  or  in 
addition  to,  traditional  methods,  including  growing 
microorganisms  on  selective,  nutrient  media  and 
other  physiological/biochemical  methods. 

Furthermore,  the  word  anomalies  as  used  here- 
in  is  intended  to  include  to  include  fluorescent 
molecules,  particles  or  materials  of  biological  or 
non-biological  origin. 

Two  Examples  are  provided  below.  Example  1 
is  provided  to  show  that  in  its  fluorescence  mode 
the  scanning  laser  microscope  system  10  may  be 
used  for  detection,  enumeration,  and  analysis  of 
microorganisms  directly  stained  with  a  fluorescent 
reagent.  Example  2  is  provided  to  show  that  spe- 
cific  microorganisms  in  a  sample  may  be 
fluorescently  labeled  and  then  detected,  enumer- 
ated,  and  analyzed  using  the  scanning  laser  micro- 
scope  system  10  of  the  present  invention. 

EXAMPLE  1 

An  aliquot  of  a  yeast  culture  such  as  Candida 
vini  (available  from  American  Type  Culture  Collec- 
tion  (ATCC),  under  ATCC  number  18823,  Rockville, 
Maryland)  in  nutrient  Bacto  YM  broth  (available 
from  Difco  Laboratories,  Detroit,  Ml)  was  vacuum 
filtered  onto  a  black  polycarbonate  filter  (available 
from  Nuclepore  Corporation,  Pleasanton,  Califor- 
nia).  The  filter  is  rinsed  with  several  milliliters  (mis) 
of  0.2  molar  (M)  phosphate  buffered  saline  (PBS), 
pH  7.0.  The  vacuum  was  removed,  and  the  filter 
was  overlayed  with  a  fluorescent  stain,  acridine 
orange  (available  from  Sigma  Chemical,  St.  Louis, 
MO)  (50  micrograms  (ng)  per  ml  of  PBS,  pH  7.0), 
for  15  minutes.  Vacuum  was  reapplied,  and  the 
filter  was  rinsed  in  succession  with  several  mis  of 
PBS,  100%  iso-propanol  to  remove  excess  stain 
bound  to  the  filter,  and  again  with  PBS.  The  filter 
was  air-dried  and  placed  on  top  of  a  glass  micro- 
scope  slide  with  a  drop  of  non-fluorescent  immer- 
sion  oil  and  a  cover  slip. 

An  argon  ion  laser  156  operating  at  488  nano- 
meters  (nm)  wavelength  scanned  the  sample.  A 
long  pass  absorbance  filter  613  with  a  sharp  cut-off 
at  530  nm,  number  51300  from  Oriel  Corporation, 
Stratford,  Conn.,  was  placed  before  the  photomul- 
tiplier  tube  (PMT)  682  to  absorb  the  reflected  laser 
light  and  pass  the  fluorescence  light. 
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This  Example  1  shows  that  a  culture  may  be 
directly  stained  with  a  fluorescent  reagent,  such  as 
a  vital  stain  which  may  be  an  indicator  of  cell 
viability,  and  that  direct  staining  of  microorganisms 
may  be  used  for  detection,  enumeration,  and  ana- 
lysis  of  microorganisms  in  a  sample  using  the 
scanning  laser  microscope  system  10  of  the 
present  invention. 

EXAMPLE  2 

In  an  indirect  immunofluorescence  assay  (IFA), 
a  target  microorganism  is  labeled  with  a  primary, 
non-conjugated  antibody  specific  for  microorgan- 
isms  containing  the  target  surface  antigen.  Microor- 
ganisms  with  bound  antibody  are  fluorescently 
labeled  using  a  fluorescein  isothiocyanate-conju- 
gated  (FITC)  secondary  antibody  which  recognizes 
the  primary  antibody.  The  labeled  microorganisms 
may  be  placed  on  an  appropriate  surface  and 
imaged  using  the  scanning  laser  microscope.  As  in 
Example  1,  an  argon  ion  laser  156  operating  at  488 
nm  wavelength  scans  the  sample.  A  long  pass 
absorbance  filter  613  with  a  sharp  cut-off  at  530 
nm,  number  51300  from  Oriel  Corporation,  is 
placed  before  the  PMT  682  to  absorb  the  reflected 
laser  light  and  pass  the  fluorescence  light. 

The  success  of  this  method  is  largely  depen- 
dent  on  the  selectivity  and  cross-reactivity  of  the 
antibodies  used.  Primary  and  secondary  antibodies 
with  low  affinity  may  prevent  enough  FITC-con- 
jugated  secondary  antibody  from  binding  to  allow 
for  detection  of  labeled  microorganisms.  Antibodies 
with  high  cross-reactivity  will  cause  a  high  back- 
ground  fluorescence,  thus  decrease  the  probability 
of  selectively  detecting  the  desired  microorgan- 
isms. 

To  show  that  microorganisms  labeled  with 
FITC-conjugated  antibodies  could  be  detected  with 
the  scanning  laser  microscope  system  10,  a  sam- 
ple  of  yeast  cells  was  directly  stained  with  FITC 
reagent  and  scanned.  A  10  ml  sample  of  a  yeast 
culture  Torulopsis  sonorensis  (ATCC  number 
56511,  American  Type  Culture  Collection,  Rock- 
ville,  Maryland)  grown  overnight  in  nutrient  YM 
broth  (available  from  DIFCO  Laboratories)  was 
placed  in  a  15  ml  centrifuge  tube.  The  culture  was 
centrifuged  for  10  minutes  at  3000  g  to  form  a 
yeast  pellet.  The  eluent  was  removed,  and  the 
pellet  resuspended  in'  10  ml  of  0.1  M 
carbonate/bicarbonate  buffer,  pH  9.2.  The  yeast 
sample  was  washed  in  this  manner  3  times. 

Two  ml  of  the  resuspended  yeast  cells  were 
placed  in  a  second  15  ml  centrifuge  tube,  mixed 
with  0.4  ml  of  FITC  reagent  (10  milligrams  (mg)  per 
ml  of  0.1  M  carbonate/bicarbonate  buffer,  pH  9.2), 

and  kept  in  the  dark  for  30  minutes.  Excess  FITC 
was  removed  by  washing  3  times  with  2  mis  of  the 
buffer  by  centrifugation.  The  FITC-labeled  yeast 
cells  were  vacuum  filtered  onto  a  black  polycar- 

5  bonate  filter  (available  from  Nuclepore  Corporation) 
and  washed  with  10  ml  of  the  buffer.  The  filter  was 
air-dried  and  placed  on  top  of  a  glass  microscope 
slide  with  a  drop  of  non-fluorescent  immersion  oil 
and  a  cover  slip. 

10  An  argon  ion  laser  156  operating  at  488  nm 
wavelength  scanned  the  sample.  A  long  pass  ab- 
sorbance  filter  613  with  a  sharp  cut-off  at  530  nm, 
number  51300  from  Oriel  Corporation,  was  placed 
before  the  PMT  682  to  absorb  the  reflected  laser 

75  light  and  pass  the  fluorescence  light. 
The  FITC-labeled  yeast  cells  were  successfully 

imaged  on  the  scanning  laser  microscope  system 
10.  Since  FITC  is  a  common  light  emitting  tag 
being  bound  to  the  antibody  in  an  im- 

20  munofluorescence  assay  or  a  lectin  in  a  lectin 
fluroescence  assay,  specific  microorganisms  in  a 
sample  may  be  detected,  enumerated,  and  ana- 
lyzed  using  assays  in  which  microorganisms  are 
labeled  with  antibodies  or  lectins  conjugated  to  a 

25  light  emitting  tag,  such  as  FITC,  with  the  scanning 
laser  microscope  system  10  of  the  present  inven- 
tion. 

Any  one  of  the  above  described  enhancing /  //  m  mi  nm  ii  a  it assemblies  88  ,  88  ,  8  ,  88  ,88  and  88  can 
30  be  connected  in  the  position  illustrated  in  Figure  1 

for  the  enhancing  assembly  88,  in  which  case  the 
assembly  88  receives  light  transmitted  through  and 
emitted  from  the  object  70.  In  addition,  any  one  of 
the  above  described  enhancing  assemblies  88  , 

35  88  ,  8  ,  88  ,  88  "  and  88  ""'  can  be  connected 
between  the  photodetector  assembly  90'  and  the 
housing  352  as  illustrated  in  Figure  3,  in  which 
case  the  assembly  88  receives  light  reflected  and 
emitted  from  the  object  70.  In  addition,  any  one  of 

40  the  above  described  enhancing  assemblies  88  , 
88",  8"',  88"",  88""'  and  88"""  can  be  connected 
between  the  photodetector  assembly  168  and  the 
beam  stop  166  (see  Figure  3),  in  which  case  the 
assembly  88  receives  light  reflected  and  emitted 

45  from  the  object  70  in  a  confocal  arrangement. 
Referring  to  Figure  7,  there  is  illustrated  a 

preferred  embodiment  of  the  preamplifier  circuit 
152  capable  of  use  in  the  system  of  Figures  1  and 
2.  The  purpose  of  the  preamplifier  circuit  152  is  to 

so  convert  a  current  mode  output  of  the  photodetector 
148  into  a  voltage  signal  of  a  level  useable  by  the 
pixel  clock  module  154.  Although  the  circuit  of 
Figure  7  is  a  preferred  embodiment,  any  circuit  that 
serves  this  purpose  can  be  used.  When  the  pream- 

55  plifier  circuit  152  depicted  in  Figure  7  is  used,  the 
photodetector  148  is  operated  in  a  reverse  biased 
mode  as  is  well  known  in  the  art.  This  preferred 
preamplifier  circuit  152  is  similar  to  and  can  be 
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further  understood  by  reference  to  the  circuit  par- 
ticularly  described  in  Integrated  Circuits  Data 
Handbook,  Burr-Brown  Corporation,  Chapter  1, 
page  189,  1986. 

The  preamplifying  module  94  can  be  similarly  5 
configured  to  the  aforedescribed  preamplifier  cir- 
cuit  152.  However,  in  Figures  1  and  2,  the 
photomultiplier  module  96  provides  the  high  volt- 
age  to  the  photodetector  assembly  90.  One  skilled 
in  the  art  having  this  disclosure  before  him  can  io 
design  numerous  preamplifying  circuits  or  modules 
capable  of  use  for  circuit  152  and  module  94  in  the 
present  system. 

Figure  8  depicts  a  preferred  embodiment  of  the 
scan  detection  circuit  136  suitable  for  use  in  the  75 
system  of  Figures  1  and  2.  For  a  detailed  descrip- 
tion  of  this  scan  detection  circuit,  see  Laser  Ap- 
plications,  Volume  4,  edited  by  Goodman  and 
Ross,  pages  171-173,  1980.  The  circuit  depicted  in 
Figure  8  illustrates  a  preferred  embodiment  of  the  20 
scan  detection  circuit  useable  in  the  present  inven- 
tion.  However,  any  circuit  may  be  used  as  long  as 
it  can  provide  signals  to  the  frame  storage  control 
module  140  indicating  the  precise  position  of  the 
beam  24  on  the  object  70  at  the  beginning  of  each  25 
scan  of  the  beam  across  the  object. 

Figure  9  is  a  schematic  representation  of  the 
frame  storage  control  module  140  and  the  operator 
control  panel  204  of  Figure  2.  One  purpose  or 
function  of  the  frame  storage  control  module  140  is  30 
to  generate  control  signals  to  synchronize  a  digital 
frame  storage  unit  271  in  the  computer  system  86 
to  the  actual  position  of  the  beam  on  the  object. 
Based  on  the  control  signals  from  the  frame  stor- 
age  control  module  140,  the  digital  frame  storage  35 
unit  271  samples,  digitizes  and  stores  the  detected 
signal  from  the  photodetector  assembly  90  at  pre- 
cisely  spaced  intervals.  The  digital  signals  are 
stored  in  memory  locations  corresponding  to  the 
position  of  the  beam  24  on  the  object  70.  Another  40 
purpose  of  the  frame  storage  control  module  140  is 
to  generate  a  beam  position  reference  signal  to  be 
used  by  the  galvo  control  module  116  which  ad- 
justs  the  drive  current  to  the  galvanometer  56  to 
cause  the  actual  beam  position  to  accurately  track  45 
the  beam  reference  signal. 

The  frame  storage  control  module  140  com- 
prises  a  frame  storage  control  circuit  226,  a  scan-1 
circuit  242,  a  scan  2  cizcuit  244,  and  a  scan  3 
cizcuit  24  6.  The  frame  storage  control  circuit  226  50 
is  connected  to  the  scan-1  circuit  242  by  four  lines 
248,  three  of  the  lines  248  are  for  sending  signals 
from  the  frame  storage  control  circuit  to  the  scan-1 
circuit  242,  one  of  the  lines  248  is  for  sending 
signals  from  the  scan-1  circuit  242  to  the  frame  55 
storage  control  circuit  226.  The  scan-1  circuit  242 
is  connected  to  the  scan-2  circuit  244  by  three 
lines  250,  two  for  sending  signals  from  the  scan-2 

circuit  244  to  the  scan-1  circuit  242,  one  for  send- 
ing  signals  from  the  scan-1  circuit  242  to  the  scan- 
2  circuit  244.  A  line  252  connects  one  of  the  lines 
250  (which  is  for  sending  signals  from  the  scan-2 
circuit  244  to  the  scan-1  circuit  242)  to  the  frame  or 
image  storage  control  circuit  226  for  sending  sig- 
nals  from  the  scan-2  circuit  244  to  the  frame  stor- 
age  control  circuit  226.  A  line  254  connects  the 
frame  storage  control  circuit  226  to  the  scan-2 
circuit  244  for  sending  signals  from  the  frame  stor- 
age  control  circuit  226  to  the  scan-2  circuit  244.  A 
data  bus  256  with  9  lines  connects  the  scan-2 
circuit  244  for  sending  signals  to  the  scan-3  circuit 
246. 

The  frame  storage  control  module  140  receives 
signals  or  inputs  over  line  138  from  the  scan  detec- 
tion  circuit  136  to  the  frame  storage  control  circuit 
226,  over  line  1  76  from  the  start  of  rotation  detector 
174  to  the  frame  storage  control  circuit  226,  over 
line  153  from  the  pixel  clock  module  154  to  the 
frame  storage  control  circuit  226,  over  lines  228 
from  controls  or  switches  230  on  the  operator  panel 
204  to  the  scan-1  circuit  242,  and  over  two  data 
buses  232,  each  having  twelve  signal  paths  or 
lines,  from  switches  234,  such  as  thumbwheel 
switches,  on  the  operator  panel  204  to  the  scan-2 
circuit  244.  The  frame  storage  control  module  140 
sends  signals  over  three  lines  216  to  the  computer 
system  86  from  the  frame  storage  control  circuit 
226,  over  line  116  to  the  galvanometer  control 
module  116  from  the  frame  storage  control  circuit 
226,  and  over  a  data  bus  238  to  a  display  240  on 
the  operator  panel  204  from  scan-3  circuit  246. 

Figure  10  is  a  detailed  functional  block  diagram 
of  the  frame  storage  control  module  140  for  use  in 
the  system  of  Figures  1  and  2.  Referring  to  Figure 
10,  the  frame  storage  control  circuit  226  receives 
signals  from  the  scan  detect  circuit  136  and  the 
pixel  clock  module  154,  hereafter  called  SCAN 
DETECT  signals  and  PIXEL  CLOCK  signals,  re- 
spectively.  The  SCAN  DETECT  signals  are  fed  into 
a  pulse  synchronization  (sync)  integrated  circuit 
(IC)  1002,  such  as  a  74120.  Clock  signals  are 
generated  by  a  crystal  clock  module  1001  such  as 
a  5406-4M  from  MF  Electronics  of  New  Rochelle, 
New  York  and  sent  to  the  pulse  sync  IC  1002.  The 
pulse  sync  IC  1002  gates  the  CLOCK  signals  on  at 
an  occurrence  of  a  SCAN  DETECT  signal  sending 
the  gated  CLOCK  signals  or  pulses  to  a  12  bit 
down  counting  circuit  1004,  otherwise  called  a  12 
bit  divide  by  M  counter  1004,  which  functions  to 
create  one  output  pulse  for  each  M  input  pulses. 
The  12  bit  counter  1004  may  for  instance,  com- 
prise  three  cascaded  4  bit  counter  ICs,  such  as 
74F193  ICs.  Data  inputs  to  these  counters  1004  are 
preselected  binary  numbers  or  values  which  are 
typically  selected  using  pull-up  resistors  and 
switches  connected  to  ground.  When  the  last  of  the 
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cascaded  counters  1004  has  reached  a  count  equal 
to  0,  it  outputs  a  pulse  to  a  one  shot  1006  which  in 
turn  reloads  the  counters  1004  to  their  initial  or 
starting  count  values.  The  pulse  sync  IC  1002,  the 
counter  1004  and  the  one  shot  1006  function  as  a 
delay  circuit  1007.  The  output  pulse  from  the  one 
shot  1006  is  fed  to  a  power  driver  IC  1008,  such  as 
a  74S140,  which  sends  DELAYED  SCAN  DETECT 
signals  over  one  of  the  lines  248  to  the  scan-1 
circuit  242. 

In  a  similar  fashion,  a  second  set  of  devices 
comprising  a  pulse  sync  IC  1010,  a  12  bit  counter 
1012  and  a  one  shot  1014  function  as  a  second 
delay  circuit  1015  using  the  PIXEL  CLOCK  signals 
from  the  pixel  clock  module  154  in  place  of  the 
CLOCK  signals  to  provide  a  pulse  to  reset  a  hori- 
zontal  drive  flip-flop  1016  which  turns  off  a  HORI- 
ZONTAL  DRIVE  gate  signal.  When  the  flip-flop 
1016  is  reset,  it  provides  an  input  to  an  AND  gate 
1018  which  in  turn  enables  the  PIXEL  CLOCK 
pulses  to  drive  a  512  count  circuit  comprising  a  12 
bit  counter  1020  and  a  one  shot  1022.  When  the 
output  of  the  one  shot  1022  is  active,  it  sets  the 
flip-flop  1016,  thus,  turning  on  the  HORIZONTAL 
DRIVE  gate  signal.  An  output  of  the  flip-flop  1016 
is  fed  to  a  driver  circuit  1024  which  sends  HORI- 
ZONTAL  DRIVE  signals  over  one  of  the  lines  216 
to  the  frame  buffer  272.  Similarly,  an  output  of  the 
AND  gate  1018  is  fed  to  a  driver  circuit  1026  which 
sends  gated  PIXEL  CLOCK  signals  to  the  frame 
buffer  272  over  one  of  the  lines  21  6. 

The  start  of  rotation  sensor  174  is  used  to 
ensure  that  each  frame  begins  using  the  same 
facet  or  face  of  the  rotor  30.  Its  output  signal  which 
occurs  once  each  revolution  of  the  rotor  30,  is 
amplified  in  a  circuit  1028  and  sent  to  a  Schmitt 
Trigger  circuit  1030,  such  as  a  74LS14,  which 
converts  the  signal  to  a  digital  logic  signal.  The 
digital  logic  signal  is  fed  to  an  AND  gate  1032. 

The  other  input  of  the  AND  gate  1032  is  driven 
by  a  flip-flop  1034  which  is  set  by  an  eight  bit 
vertical  interval  counter  1036  which  counts  the  DE- 
LAYED  SCAN  DETECT  signals  from  the  delay  cir- 
cuit  1007.  The  output  of  the  AND  gate  1032  drives 
a  one  shot  1038  which  produces  a  START  SCAN 
signal  which  is  sent  over  one  of  the  lines  248  to  the 
scan-1  circuit  242.  The  output  of  the  one  shot  1  038 
also  loads  the  vertical  interval  counter  1036  to  its 
initial  value  and  sets  a  flip-flop  1040. 

When  the  last  scan  of  a  frame  has  been 
reached,  a  SCAN  COUNT  =  STOP  VALUE  signal 
from  the  scan-2  circuit  244  over  line  252  enables 
one  input  of  an  AND  gate  1044  permitting  the 
DELAYED  SCAN  DETECT  signal  from  the  delay 
circuit  1007  to  activate  a  one  shot  1046.  The  one 
shot  1046,  in  turn,  resets  the  flip-flop  1040,  pro- 
vides  a  STOP  SCAN  signal  to  the  scan-1  circuit 
242  over  one  of  the  lines  248,  and  resets  the  flip- 

flop  1034. 
When  the  flip-flop  1040  is  reset,  it  enables  an 

input  to  an  AND  gate  1042  which  also  receives  the 
delayed  scan  detect  signals  from  the  delay  circuit 

5  1007.  This  enables  the  DELAYED  SCAN  DETECT 
signals  to  drive  the  vertical  interval  counter  1036. 
When  the  flip-flop  1040  is  set,  it  disables  the  AND 
gate  1042. 

The  output  of  the  flip-flop  1040,  also  provides  a 
70  LOAD  SCAN  COUNT  (auto  mode)  signal  to  the 

scan-2  circuit  244  over  line  254  and  to  a  driver 
1048  which  in  turn  sends  VERTICAL  DRIVE  signals 
on  one  of  the  lines  21  6  to  the  frame  buffer  272. 

Figure  11  shows  a  detailed  functional  block 
75  diagram  of  the  scan-1  circuit  for  use  in  the  module 

of  Figure  9.  Referring  to  Figure  11,  the  five  input 
switches  230  on  the  operator  panel  204  can  be 
pushbuttons  and  are  connected  to  a  switch  de- 
bounce  circuit  1102,  such  as  a  MC14490,  to  ensure 

20  bounce  free  transition  or  signals  when  the  buttons 
230  are  actuated.  The  buttons  230  can  be  named  a 
cycle  button,  an  auto  button,  a  manual  button,  a 
single  step  button,  and  a  reset  button. 

The  outputs  of  the  auto  and  manual  buttons 
25  230  set  and  reset  a  manual/auto  mode  flip-flop 

1104.  When  the  flip-flop  1104  is  set  (i.e.,  automatic 
mode),  one  of  its  output  signals  enables  an  AND 
gate  1106.  This  AND  gate  1106  then  permits  the 
START  SCAN  signal  from  the  frame  storage  con- 

30  trol  circuit  226  over  one  of  the  lines  248  to  drive 
one  input  of  an  OR  gate  1  1  08  which  drives  a  one 

@  shot  1110.  The  output  of  the  one  shot  1110  is  a 
pulse  which  sets  a  flip-flop  1112.  The  output  of  the 
flip-flop  1112  enables  one  input  of  an  AND  gate 

35  1114  which  then  permits  the  DELAYED  SCAN  DE- 
TECT  signals  to  drive  an  input  of  an  OR  gate  1116 
which  generates  the  SCAN  COUNT  CLOCK  signals 
sent  to  the  scan-2  circuit  244  over  one  of  the  lines 
250. 

40  When  the  flip-flop  1104  is  reset  (i.e.,  manual 
mode),  the  other  output  of  the  flip-flop  1104  en- 
ables  an  AND  gate  1118  with  another  input  being 
the  output  from  the  single  step  button  230.  When 
the  single  step  pushbutton  230  is  depressed,  the 

45  output  of  the  AND  gate  1118  enables  a  pulse 
synchronization  (sync)  circuit  1120  which  produces 
one  output  pulse  when  the  next  delayed  scan  de- 
tect  pulse  arrives  at  its  other  input.  The  output  of 
the  pulse  sync  circuit  1120  is  sent  to  the  other 

so  input  of  the  OR  gate  1116  to  produce  the  scan 
count  clock  signal  to  be  sent  to  the  scan-2  circuit 
244.  When  the  cycle  button  is  depressed,  a  signal 
is  sent  to  the  other  input  of  the  OR  gate  1108  and 
then  to  the  one  shot  1110.  The  output  pulse  from 

55  the  one  shot  1110  sets  the  flip-flop  1112  which 
operates  as  previously  described. 

When  the  reset  button  is  depressed,  its  output 
is  sent  to  inputs  of  a  first  OR  gate  1122  and  a 
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second  OR  gate  1124.  The  output  of  the  first  OR 
gate  1122  resets  the  flip-flop  1112.  The  second  OR 
gate  1124  output  generates  the  LOAD  SCAN 
COUNT  (manual  mode)  signal  which  is  sent  to  the 
frame  storage  control  circuit  226  over  one  of  the  5 
lines  248.  The  other  two  inputs  to  the  first  OR  gate 
1122  are  the  STOP  SCAN  signal  which  comes 
from  the  frame  storage  control  circuit  226  and  the 
SCAN  COUNT  =  51  2  signal  which  comes  from  the 
scan-2  circuit  244.  The  other  two  inputs  to  the  10 
second  OR  gate  1124  are  the  STOP  SCAN  signal 
from  the  frame  storage  control  circuit  226  and  the 
SCAN  COUNT  =  STOP  VALUE  signal  from  the 
scan-2  circuit  244. 

Figure  12  shows  a  detailed  functional  block  75 
diagram  of  the  scan-2  circuit  for  use  in  the  module 
of  Figure  9.  Referring  to  Figure  12,  three  switches, 
such  as  binary  coded  decimal  (BCD)  thumbwheel 
switches  234,  on  the  operator  panel  204  are  set  to 
a  desired  START  SCAN  COUNT  value  by  the  20 
operator.  The  BCD  output  signals  from  these 
switches  234  are  converted  to  a  10  bit  binary 
representation  by  a  BCD  to  binary  converter  circuit 
1  202.  This  1  0  bit  representation  is  sent  to  a  1  0  bit 
binary  counter  1204,  called  a  scan  counter  1204.  25 
The  LOAD  SCAN  COUNT  signal  over  line  254  from 
the  frame  storage  control  circuit  226  permits  the 
loading  of  the  10  bit  representation  into  the  counter 
1204.  The  counter  1204  increments  each  time  a 
pulse  occurs  in  the  SCAN  COUNT  CLOCK  signal  30 
over  one  of  the  lines  250  from  the  scan-1  circuit 
242.  The  output  of  the  counter  1204  is  sent  to  a  10 
bit  binary  comparator  1206  and  to  the  scan-3  cir- 
cuit  246  over  the  bus  256.  The  most  significant  bit, 
i.e.,  the  bit  that  represents  a  count  of  512,  is  sent  35 
over  one  of  the  lines  250  to  the  scan-1  circuit  242. 

The  other  input  of  the  binary  comparator  1206 
is  driven  by  a  binary  representation  of  a  STOP 
SCAN  COUNT  signal  which  has  been  input  through 
switches  234  and  converted  to  the  binary  repre-  40 
sentation  by  a  BCD  to  binary  converter  1208  in 
similar  fashion. 

When  the  output  of  the  scan  counter  1204 
equals  the  STOP  SCAN  COUNT  value,  the  output 
of  the  comparator  1206  becomes  active  producing  45 
a  SCAN  COUNT  =  STOP  VALUE  signal  which  is 
sent  to  the  frame  storage  control  circuit  226  over 
the  line  252  and  to  the  scan-1  circuit  242  over  one 
of  the  lines  250. 

Figure  13  shows  a  detailed  functional  block  50 
diagram  of  the  scan-3  circuit  for  use  in  the  module 
of  Figure  9.  Referring  to  Figure  13,  the  10  bit 
output  of  the  scan  counter  1204  in  the  scan-2 
circuit  244  is  sent  over  the  bus  256  to  a  10  bit 
multiplying  digital  to  analog  converter  (DAC)  1302.  55 
A  precision  voltage  reference  1304  supplies  a  ref- 
erence  input  to  the  converter  1302.  The  output  of 
the  DAC  1302  is  fed  to  one  input  of  a  difference 

amplifier  1306.  The  other  input  of  the  difference 
amplifier  1306  is  driven  by  a  potentiometer  1308 
which  is  in  turn  connected  to  the  precision  voltage 
reference  1304.  The  potentiometer  1308  provides 
capability  to  adjust  the  middle  point  of  the  output  of 
the  amplifier  1306  to  zero.  The  output  of  the  am- 
plifier  1306  is  sent  to  a  variable  gain  buffer  am- 
plifier  1310  whose  gain  can  be  adjusted  between 
zero  and  one.  The  output  of  the  buffer  amplifier 
1310  is  a  Y-SCAN  REFERENCE  signal  which  is 
sent  over  line  210  to  the  galvo  control  module  116. 

The  output  of  the  scan  counter  1204  is  also 
sent  to  a  binary  to  BCD  converter  1312  which  in 
turn  sends  SCAN  COUNT  DISPLAY  signals  over 
the  bus  238  to  drive  a  three  digit  display  240  on 
the  operator  panel  204  to  show  the  scan  count 
representing  the  instantaneous  y  position  of  the 
beam  on  the  object. 

Figure  14  is  a  schematic  representation  of  the 
galvanometer  control  module  116  of  Figures  1  and 
2.  The  galvo  control  module  116  receives  and 
amplifies  a  signal  representative  of  the  actual  beam 
position  in  the  second  direction.  Then  it  receives 
the  desired  beam  position  Y-SCAN  REFERENCE 
signal  and  compares  the  two  signals.  Based  on  the 
comparison,  the  galvo  control  module  116  modifies 
the  drive  current  of  the  galvanometer  56  to  cause 
the  actual  beam  position  in  the  second  direction  to 
accurately  track  or  conform  to  the  desired  beam 
position. 

This  module  116  comprises  a  beam  position 
amplifier  circuit  258  which  provides  signals  over  a 
line  262  to  a  galvanometer  or  galvo  driver  circuit 
260. 

The  galvo  control  module  116  receives  signals 
over  first  and  second  lines  of  cable  114  from  the 
light  position  sensor  112  to  the  beam  position 
amplifier  circuit  258  and  over  line  210  from  the 
scan-3  circuit  246  to  the  galvo  driver  circuit  260. 
The  galvo  control  module  116  sends  bias  voltage 
over  a  third  line  of  cable  114  from  the  beam 
position  amplifier  circuit  258  to  the  position  sensor 
112,  and  over  the  two  lines  of  cable  118  from  the 
galvo  driver  circuit  260  to  the  galvo  assembly  58. 

Figure  15  is  a  detailed  functional  block  diagram 
of  the  galvanometer  control  module  116  suitable  for 
use  in  the  system  of  Figures  1  and  2.  Referring  to 
Figure  15,  the  two  outputs  of  the  position  detector 
or  sensor  1  1  2  provide  signals  that  are  proportional 
to  the  position  of  the  light  beam  on  the  detector 
112.  The  detector  112  is  operated  in  a  back  biased 
current  mode.  The  first  output  of  the  detector  112 
is  sent  to  a  current  to  voltage  amplifier  1502  similar 
to  the  preamplifier  circuit  152  previously  described. 
The  output  of  the  amplifier  1502  is  fed  to  a  sum- 
ming  amplifier  1504  and  a  difference  amplifier 
1506. 

The  other  output  of  the  detector  112  is  simi- 
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larly  configured  providing  its  output  to  another  cur- 
rent  to  voltage  amplifier  1508.  The  output  of  the 
current  to  voltage  amplifier  1508  provides  the  sec- 
ond  input  to  the  summing  amplifier  1504  and  the 
second  input  to  the  difference  amplifier  1506. 

The  outputs  of  the  summing  amplifier  1  504  and 
the  difference  amplifier  1506  are  sent  to  the  de- 
nominator  (D)  input  and  the  numerator  (N)  input, 
respectively,  of  an  analog  divider  1510,  such  as  a 
Burr-Brown  4291  divider.  The  output"  of  the  divider 
1510  is  equal  to  N  divided  by  D,  multiplied  by  ten 
(10),  i.e.,  (N/D)x10.  By  dividing  the  difference  signal 
by  the  summing  signal,  variations  in  the  output 
level  of  the  divider  1510  due  to  the  variations  in  the 
incident  beam  intensity  on  the  detector  112  are 
eliminated  or  minimized. 

The  output  of  the  divider  1510  is  sent  to  a 
buffer  or  non-inverting  amplifier  1512  having  a  gain 
of  one  (1).  This  output,  called  the  POSITION  ER- 
ROR  CORRECTION  signal,  is  fed  to  a  summing 
amplifier  1514.  The  other  inputs  to  the  summing 
amplifier  1514  are  the  Y-SCAN  REFERENCE  signal 
from  the  scan-3  circuit  246  and  the  output  of  a  zero 
adjustment  potentiometer  1516.  The  potentiometer 
1516  allows  for  adjustment  of  the  mid-range  posi- 
tion  of  the  galvomenter  56. 

The  output  of  the  summing  amplifier  1514  is 
sent  to  a  servo  compensator  1518  which  can  be  a 
lag-lead  compensator  similar  to  that  described  in 
D'Azzo  and  Houpis,  Feedback  Control  System  Ana- 
lysis  and  Synthesis,  pages  109-110,  1960. 

The  compensator  1518  ensures  stability  (i.e., 
prevents  ringing  and  oscillation)  of  the  servo  loop 
formed  by  the  galvanometer  control  module  116 
and  the  position  detector  1  1  2. 

The  output  of  the  compensator  1518  drives  one 
input  of  a  driver  amplifier  1520  which  in  turn  drives 
a  push-pull  power  amplifier  1522.  The  push-pull 
amplifier  1522  provides  the  drive  current  to  coils  in 
the  galvanometer  56.  A  feedback  resistor  1524 
senses  the  actual  current  in  the  galvanometer  coils 
and  provides  a  negative  feedback  voltage  to  the 
driver  amplifier  1520. 

Figure  16  is  a  schematic  representation  of  the 
photomultiplier  control  module  96  of  Figures  1  and 
2.  The  function  of  the  photomultiplier  control  mod- 
ule  96  is  to  form  a  long  term  average  of  the 
amplified  detected  signal  from  the  assembly  90. 
The  long  term  average  is  used  to  control  the  high 
voltage  supplied  to  the  assembly  90,  thereby,  con- 
trolling  its  gain.  The  photomultiplier  control  module 
96  ensures  a  substantially  constant  gain  of  the 
photodetector  assembly  90  over  an  entire  frame. 

The  photomultiplier  control  module  96  com- 
prises  a  high  voltage  (e.g.,  3,000  volts)  power  sup- 
ply  264  connected  by  a  line  270  to  an  automatic 
gain  control  (AGC)  and  video  amplifier  266.  An 
illustrative  power  supply  264  can  be  obtained  un- 

der  model  205A-03R  from  Bertan  Associates  of 
Hicksville,  New  York.  The  power  supply  264  re- 
ceives  signals  over  line  270  from  the  AGC  and 
video  amplifier  266. 

5  The  photomultiplier  control  module  96  sends 
high  voltage  over  the  line  97  from  the  power  supply 
264  to  the  photomultiplier  assembly  90  and  over 
the  line  93  from  the  AGC  and  video  amplifier  266 
to  a  frame  buffer  272  in  the  computer  system  86. 

70  The  photomultiplier  control  module  96  receives  sig- 
nals  over  the  line  95  from  the  preamplifying  mod- 
ule  94  to  the  AGC  and  video  amplifier  266. 

Figure  17  is  a  detailed  functional  block  diagram 
of  the  photomultiplier  control  module  96  suitable  for 

75  use  in  the  system  of  Figures  1  and  2.  Referring  to 
Figure  17,  the  output  from  the  preamplifying  mod- 
ule  94  is  sent  to  a  buffer  or  non-inverting  amplifier 
1702  having  a  gain  of  two  (2).  The  output  of  this 
amplifier  1702  is  sent  over  line  93  to  the  frame 

20  buffer  272.  The  output  of  the  amplifier  1702  is  also 
sent  to  a  low  pass  filter  1704  having  a  time  con- 
stant  of  about  two  seconds.  The  polarity  of  the 
output  of  the  filter  1704  is  inverted  by  an  inverting 
amplifier  1706.  The  output  of  the  amplifier  1706  is 

25  sent  to  the  summing  junction  of  an  integrating 
amplifier  1708.  A  set  point  1710  provides  a  second 
input  to  the  summing  junction  of  the  amplifier  1708. 
The  amplifier  1708  has  an  output  limiting  circuit 
which  prevents  its  output  from  going  negative. 

30  The  output  of  the  integrating  amplifier  1708  is 
sent  to  a  variable  gain  amplifier  1712  which  allows 
one  to  control  the  gain  of  the  module  96.  The 
output  of  the  amplifier  1712  is  inverted  by  an 
inverting  amplifier  1714  to  provide  the  required 

35  polarity  input  to  the  high  voltage  power  supply  264. 
The  power  supply  264  provides  a  high  voltage  to 
the  photodetector  assembly  90  which  is  propor- 
tional  to  the  input  voltage  to  the  power  supply  264. 

Figure  18  is  a  schematic  representation  of  the 
40  pixel  clock  module  154  of  Figures  1  and  2.  The 

pixel  clock  module  154  contains  a  phase-locked 
loop  circuit  having  an  input  and  an  output.  The 
phase-locked  loop  circuit  synchronizes  the  phase 
of  its  output  signal  with  the  phase  of  its  input  signal 

45  such  that  for  each  amplitude  peak  of  the  input 
signal  an  amplitude  peak  of  the  output  signal  oc- 
curs  coincidentally.  In  addition,  the  pixel  clock 
module  154  multiplies  the  frequency  of  the  input 
(which  corresponds  to  amplitude  cycles  per  unit 

so  distance  on  the  ronchi  ruling  144)  by  a  predeter- 
mined  number  N  in  a  range  of  1-16,  typically  3  or 
4,  to  form  the  output  signal. 

The  pixel  clock  module  154  receives  an  am- 
plitude  varying  signal.  This  signal  is  created  by  the 

55  fourth  beam  portion  142  passing  through  the  ronchi 
ruling  144  as  the  fourth  beam  portion  142  is  being 
scanned  in  the  first  (x)  direction.  The  scanning 
pattern  of  the  fourth  beam  portion  142  is  analogous 

18 
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to  the  scanning  pattern  of  the  beam  24  as  it  is 
reflected  in  the  first  direction  towards  the  first  lens 
50.  Thus,  the  position  of  the  fourth  beam  portion 
142  on  the  ronchi  ruling  144  is  representative  of 
the  position  of  the  beam  24  in  one  direction  on  the 
object  70.  The  ronchi  ruling  144  modulates  the 
intensity  of  the  fourth  beam  portion  142  as  the 
beam  portion  142  passes  across  it.  Since  the  ron- 
chi  ruling  144  has  parallel  lines  which  are  equally 
spaced  apart  and  the  rotor  30  is  rotating  at  con- 
stant  angular  velocity,  the  frequency  per  unit  time 
of  the  signal  sensed  by  sensor  148  will  vary  de- 
pending  on  the  vector  component  of  the  velocity  of 
the  fourth  beam  portion  142  in  the  plane  of  the 
ronchi  ruling  144.  Otherwise  stated,  since  the  ron- 
chi  ruling  144  has  parallel  lines  which  are  equally 
spaced  apart,  the  signal  received  by  the 
photodetector  148  will  vary  in  amplitude  corre- 
sponding  to  the  position  of  the  fourth  beam  142 
which  is  synchronous  with  the  scanning  pattern  of 
the  beam  24.  Spot  velocity  variations  caused  by 
the  optical  system  will  equally  affect  the  fourth 
beam  portion  142  and  the  scan  beam  24.  In  addi- 
tion,  variations  in  the  angular  velocity  of  the  rotor 
30  will  equally  affect  the  fourth  beam  portion  142 
and  the  scan  beam  24.  Thus,  the  signal  from  the 
photodetector  148  will  precisely  track  the  motion  of 
the  beam  portion  142  as  it  traverses  the  ronchi 
ruling  144.  The  signal  from  the  photodetector  148 
will  have  a  temporal  frequency  that  corresponds  to 
the  spatial  frequency  (i.e.,  the  lines  per  unit  dis- 
tance)  of  the  ronchi  ruling  144,  modulated  by  the 
variations  due  to  the  optics  and  rotor  velocity  The 
pixel  clock  module  154  multiplies  the  temporal 
frequency  of  the  signal  generated  by  the 
photodetector  148  resulting  in  a  very  precise  PIXEL 
CLOCK  output  signal  representative  of  the  spatial 
position  of  the  beam  24  on  the  object  plane  70  in 
one  direction. 

The  pixel  clock  module  154  comprises  a  phase 
detector  251,  a  voltage  controlled  oscillator  (VCO) 
255,  and  a  divide  by  N  counter  259.  An  illustrative 
phase  detector  251  and  oscillator  255  useable  in 
this  system  can  be  obtained  under  Part  No.  NE564 
by  Signetics  Corporation  in  Sunnydale,  California. 
The  phase  detector  251  is  connected,  and  sends 
signals,  to  the  voltage  controlled  oscillator  (VCO) 
255  over  a  line  253.  The  voltage  controlled  oscilla- 
tor  255  is  connected,  and  sends  signals,  to  the 
divide  by  N  counter  259  by  a  line  257.  The  divide 
by  N  counter  259  is  connected,  and  sends  signals, 
to  the  phase  detector  251  by  a  line  261  . 

The  pixel  clock  module  154  receives  signals 
over  the  line  151  from  the  preamplifying  circuit  152 
to  the  phase  detector  251.  The  pixel  clock  module 
154  sends  signals  over  the  line  153  from  the  line 
257  to  the  frame  or  image  storage  control  module 
140. 

Figure  19  is  a  detailed  functional  block  diagram 
of  the  the  pixel  clock  module  154  suitable  for  use 
in  the  system  of  Figures  1  and  2.  Referring  to 
Figure  19,  the  output  of  the  preamplifier  circuit  152 

5  is  fed  to  one  input  of  an  analog  comparator  1902 
which  compares  the  incoming  signal  to  a  fixed  DC 
reference  voltage  provided  to  the  comparator's 
second  input.  The  output  of  the  comparator  1902  is 
compatible  with  digital  logic  circuitry  and  sent  to  an 

70  inverter  1904  that  inverts  the  polarity  of  the  signal. 
The  output  of  the  inverter  1  904  is  fed  to  a  FM  input 
of  a  phase-locked  loop  IC  1906,  such  as  a  NE564. 
The  output  of  a  voltage  controlled  oscillator  (VCO) 
1912  which  is  included  in  the  phase  locked  loop  IC 

75  „  1  906  is  sent  to  an  inverter  1  91  4.  The  primary 
frequency  of  the  VCO  1912  is  set  by  a  capacitor 
C1  and  is  adjust  so  that  the  frequency  is  approxi- 
mately  that  desired  for  the  PIXEL  CLOCK  signal. 
Capacitors  C2  and  C3  are  selected  so  that  high 

20  frequency  signals  are  filtered  out,  allowing  an  error 
signal  of  interest  internal  to  the  IC  1906  to  be  fed 
cleanly  to  the  VCO  input. 

The  output  of  the  inverter  1914  is  sent  to  a 
clock  input  of  a  4  bit  binary  counter  1916  config- 

25  ured  as  a  divide  by  N  counter.  The  divide  by  N 
counter  1916.  input  values  can  be  selected  with 
individual  switches  having  associated  pull-up  resis- 
tors.  The  output  of  the  counter  1916  is  fed  to  a  D 
flip-flop  1918  which  is  configured  to  divide  the 

30  frequency  of  its  input  by  two  (2).  Thus,  the  output 
of  the  D  flip-flop  1918  is  a  square  wave  whose 
frequency  is  1/2N  of  the  input  of  the  pixel  clock 
module  154.  The  output  of  the  flip-flop  1918  is 
inverted  by  an  inverter  1920  and  then  fed  to  a 

35  phase  comparator  input  of  the  phase-locked  loop 
IC  1906. 

The  output  of  the  inverter  1914  is  also  sent  to 
another  inverter  1922  which  sends  its  output,  the 
PIXEL  CLOCK  signal,  to  the  frame  storage  control 

40  module  140  over  line  153. 
The  phase-locked  loop  IC  1906  adjusts  the 

frequency  of  its  voltage  controlled  oscillator  (VCO) 
1912  to  minimize  the  phase  error  between  its  FM 
input  and  its  phase  comparator  input.  As  a  result, 

45  the  output  frequency  of  the  VCO  1912  will  be  2N 
times  the  input  frequency  of  the  pixel  clock  module 
154. 

The  spatial  frequency  of  the  signal  generated 
by  the  fourth  beam  portion  142  passing  through  the 

so  ronchi  ruling  144  is  known  to  vary.  Thus,  the  output 
of  the  pixel  clock  module  154  is  designed  to  vary 
also,  being  2N  times  the  spatial  frequency  of  the 
input  to  the  module  154. 

One  advantage  of  this  pixel  clock  module  154 
55  is  that  this  module  generates  a  PIXEL  CLOCK 

signal  that  has  a  spatial  resolution  variably  much 
greater  than  a  signal  sensed  from  scanning  a  beam 
over  a  ronchi  ruling  without  difficulties  associated  in 
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reducing  the  diameter  of  the  fourth  beam  portion. 
Figure  20  is  a  schematic  representation  of  the 

computer  system  86  and  the  stage  controller  sys- 
tem  of  Figures  1  and  2.  The  computer  system  86 
comprises  a  central  processing  unit  (CPU)  274 
connected  by  an  internal  data  bus  275  and  inter- 
connecting  lines  277  to  (1)  the  frame  buffer  272 
which  is  connected  to  a  video  display  292,  (2)  an 
arithmetic  logic  unit  (ALU)  276,  (3)  a  serial  interface 
282  which  is  connected  to  a  terminal  296  with 
operator  input  means,  such  as,  a  keyboard,  a 
keypad,  a  mouse  and/or  a  light  pen,  a  printer  298, 
and  the  stage  controller  module  82,  and  (4}  means 
for  storing  one  or  more  operating  programs  and 
data  generated  by  the  scanning  laser  microscope 
system  10,  such  as,  one  or  more  of  a  disk  storage 
and  drive  device  284,  a  magnetic  cassette  tape 
storage  and  drive  device  286,  a  random  access 
memory  (RAM)  288,  or  a  floppy  disk  or  diskette 
storage  and  drive  device  290.  The  computer  sys- 
tem  86  may  optionally  include  a  second  frame 
buffer  278  (connected  to  a  second  video  display 
294  )  and  a  second  ALU  280  for  receiving  signals 
from  the  sensor  or  second  photodetector  assembly 
168.  The  frame  buffers  272,  278  are  connected  by 
lines  279  to  the  ALU'S  276,  280. 

For  illustration  purposes,  the  following  parts 
can  be  obtained  from  Digital  Equipment  Corpora- 
tion  (DEC)  of  Marlboro,  Massachusetts,  under  the 
specified  model  numbers: 
the  central  processing  unit  (CPU)  274  -model 
630QB-A2 
the  serial  interface  282  -model  DVQ-11-M 
the  terminal  296  -model  VT-220AZ 
the  disk  storage  and  drive  device  284  -models.  RD- 
50A-5A  and  RQDX3-BA 
the  tape  storage  and  drive  device  286  -models  TK- 
50-AA  and  TQK-50-BA 
the  memory  288  -model  CMX-830 
and 
the  diskette  storage/drive  device  290  -models  800- 
Kb  and  RX50-A-BA. 

The  digital  frame,  storage  unit  271  comprises 
the  frame  buffer  272  and  the  ALU  276.  Acceptable 
frame  buffers  and  ALU'S  useable  in  the  present 
system  can  be  obtained  from  Data  Translation  In- 
corporated  located  in  Marlboro,  Massachusetts,  un- 
der  model  numbers  DT-2651  and  DT-2658,  respec- 
tively. 

The  computer  system  86  receives  signals  over 
lines  216  from  the  digital  frame  or  image  storage 
circuit  226  to  the  frame  buffers  272,  278,  and  over 
line  93  from  the  AGC  and  video  buffer  266  to  the 
frame  buffers  272,  278. 

In  operation,  the  object  is  placed  on  the  stage 
assembly  74.  The  operator  inputs  information  at 
the  terminal  296,  such  as  identification  data  con- 
cerning  the  object  and  information  selecting  de- 

sired  stage  positions  to  be  used.  The  CPU  274 
responds  by  instructing  the  stage  control  module 
82  to  position  the  stage  as  selected  or  programed. 
The  CPU  274  further  instructs  the  frame  buffer  272 

5  to  begin  receiving  detected  signals  from  the  as- 
sembly  90  and/or  the  frame  buffer  278  to  begin 
receiving  data. 

When  the  stage  assembly  74  is  in  its  first 
programmed  position,  the  frame  buffer  272  (and/or 

w  278)  samples,  digitizes  and  stores  the  detected 
signal  from  the  assembly  90  at  precisely  spaced 
intervals  while  the  beam  is  being  scanned  in  its 
raster  pattern.  These  stored  signals  comprise  a 
frame  of  detected  signals  or  data.  The  stored  sig- 

?5  nals  are  then  typically  transferred  to  one  of  the 
forms  of  archival  storage,  i.e.,  284,  286,  or  290,  or 
the  memory  288.  Then  the  stage  control  module  82 
repositions  the  stage  such  that  another  frame  of 
data  can  be  acquired.  This  is  repeated  until  a 

20  desired  number  of  frames  or  images  has  been 
acquired. 

The  video  display  292  can  present  a  pictorial 
representation  of  the  stored  data  where  each  sam- 
ple  is  displayed  in  a  location  on  its  screen  cor- 

25  responding  to  the  position  that  the  beam  was  on 
the  object  for  that  sample. 

The  ALU  276  is  capable  of  performing  standard 
image  processing  functions  on  the  stored  data  in- 
cluding  adjusting  brightness  levels,  edge  enhance- 

30  ments,  filtering  to  reduce  unwanted  noise,  etc. 
The  second  frame  buffer  278  performs  the 

same  functions  on  the  signal  from  the  sensor  168 
after  the  signal  has  been  amplified  and  its  gain 
controlled  similar  to  the  signal  detected  by  the 

35  assembly  90.  Alternatively,  the  second  frame  buffer 
278  can  be  parallel  connected  to  sample  a  frame  of 
detected  signals  from  the  assembly  90  when  the 
first  frame  buffer  272  is  transferring  its  stored  sig- 
nals  such  as  to  archival  storage.  Furthermore,  a 

40  frame  stored  in  the  buffer  272  can  be  combined 
with  a  corresponding  frame  stored  in  the  buffer  278 
to  enhance  details  that  may  be  undiscernable  in 
the  individual  images. 

The  present  invention  can  be  implemented  in  a 
45  variety  of  hardware  and  software  configurations  as 

will  be  apparent  to  those  skilled  in  the  art.  An 
illustrative  software  embodiment  for  operating  the 
aforesaid  system  is  included  in  an  Appendix  to  this 
specification.  The  software  program  is  written  in  the 

so  "C"  language  and  appears  immediately  before  the 
claims. 

Those  skilled  in  the  art,  having  the  benefit  of 
the  teachings  of  the  present  invention  as 
hereinabove  set  forth,  can  effect  numerous  modi- 

55  fications  thereto.  These  modifications  are  to  be 
construed  as  being  encompassed  within  the  scope 
of  the  present  invention  as  set  forth  in  the  appen- 
ded  claims. 

20 
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Claims 

1.  A  scanning  laser  microscope  system  for 
assisting  in  the  characterization  of  an  object,  the 
system  comprising: 
a  first  laser  for  producing  a  first  linearly  polarized, 
substantially  collimated,  single  wavelength  beam  of 
light  having  an  axis; 
means  for  scanning  the  beam  in  a  raster  scanning 
fashion  in  a  first  direction  across  a  scanning  plane 
of  the  object  and  in  a  second  direction  perpendicu- 
lar  to  the  first  direction  across  the  scanning  plane 
of  the  object; 
means  for  enhancing  light  from  the  object  by  in- 
creasing  contrast  between  anomalies  and  a  remain- 
der  of  the  object; 
means  for  detecting  light  from  the  enhancing 
means  and  for  generating  electrical  signals  repre- 
sentative  of  the  intensity  of  the  detected  light;  and 
means  for  creating  an  image  representative  of  the 
scanning  plane  of  the  object  from  the  detected 
light. 

2.  The  system  of  Claim  1,  wherein: 
the  object  comprises  a  birefringent,  partially  trans- 
parent  material. 

3.  The  system  of  Claim  1,  wherein  the  scan- 
ning  means  comprises: 
a  rotor  rotatable  about  a  rotor  axis  and  having  a 
circumferential  side  with  a  plurality  of  reflective 
facets,  the  rotor  positioned  to  receive  the  beam  on 
one  of  the  facets; 
means  for  rotating  the  rotor  to  cause  the  beam  axis 
to  scan  in  the  first  direction  across  the  scanning 
plane  of  the  object; 
first  optical  means  for  directing  the  beam  axis  from 
the  rotor  at  varying  angles  of  incidence  to  a  first 
point; 
a  planar  mirror  rotatable  about  a  mirror  axis  per- 
pendicular  to  the  rotor  axis  and  intersecting  the 
point,  the  mirror  positioned  to  receive  the  beam 
from  the  first  optical  directing  means; 
a  galvanometer  connected  to  the  planar  mirror  to 
cause  the  planar  mirror  to  move  about  the  mirror 
axis  and  to  cause  the  beam  axis  to  also  scan  in  the 
second  direction  across  the  scanning  plane  of  the 
object,  thereby  defining  a  raster  light  pattern  in  a 
plane  perpendicular  to  the  beam  axis  reflected 
from  the  planar  mirror; 
second  optical  means  for  directing  the  beam  axis 
from  the  mirror  at  varying  angles  of  incidence  to  a 
second  point;  and 
a  flat  field  apochromat  objective  lens  positioned  at 
the  second  point,  the  lens  for  receiving  the  beam 
from  the  second  optical  directing  means  and  for 
focusing  the  beam  to  the  scanning  plane  of  the 
object. 

4.  The  system  of  Claim  3,  further  comprising: 
means  for  sensing  to  send  signals  to  be  used  by 

the  creating  means  to  ensure  that  each  frame  be- 
gins  using  the  same  facet  of  the  rotor. 

•  5.  The  system  of  Claim  1  ,  wherein  the  enhanc- 
ing  means  comprises: 

5  a  rotatable  polarizing  filter  for  selectively  passing 
the  light  from  the  object  to  the  detecting  means  at 
a  particular  polarization  angle. 

6.  The  system  of  Claim  5,  wherein  the  enhanc- 
ing  means  further  comprises: 

w  a  spatial  filter  assembly  having  an  aperture  selec- 
tively  positionable  in  a  plane  parallel  to  the  object 
scanning  plane  and  for  passing  a  portion  of  the 
light  from  the  object. 

7.  The  system  of  Claim  1  ,  wherein  the  enhanc- 
rs  ing  means  comprises: 

a  spatial  filter  assembly  having  an  aperture  selec- 
tively  positionable  in  a  plane  parallel  to  the  object 
scanning  plane  and  for  passing  a  portion  of  the 
light  from  the  object. 

20  8.  The  system  of  Claim  7,  wherein  the  spatial 
filter  assembly  further  comprises: 
a  housing  having  a  slot  and  a  passage,  the  housing 
for  rotatably  mounting  on  the  detecting  means  such 
that  the  light  from  the  object  passes  through  the 

25  passage  to  the  detecting  means; 
a  support  plate  having  a  hole  and  slidable  in  the 
slot; 
a  track  piece  slidable  through  the  hole; 
a  holder  seat  in  the  passage  and  connected  to  the 

30  track  piece; 
a  filter  holder  rotatably  supported  by  the  holder 
seat;  and 
a  filter  having  the  aperture  supported  by  the  filter 
holder,  whereby  the  aperture  is  positionable  in  one 

35  linear  direction  by  sliding  the  track  piece  through 
the  plate  hole  and  in  another  linear  direction  per- 
pendicular  to  the  one  linear  direction  by  sliding  the 
support  plate  in  the  housing  slot. 

9.  The  system  of  Claim  8,  wherein  the  spatial 
40  filter  assembly  further  comprises: 

an  actuating  member  connected  to  the  filter  holder 
and  slidably  positioned  in  a  groove  in  the  track 
piece  such  that  when  the  member  slides  in  the 
groove  the  filter  is  moved  in  an  angular  direction. 

45  10.  The  system  of  Claim  7,  wherein  the  spatial 
filter  assembly  further  comprises: 
a  base  having  a  passage,  the  base  for  rotatably 
mounting  on  the  detecting  means  such  that  the 
light  from  the  object  passes  through  the  passage  to 

so  the  detecting  means; 
a  rotatable  holder  having  an  optical  aperture,  a 
portion  rotatably  supported  in  the  passage,  an  an- 
nular  groove  and  an  off  center  pin; 
a  spatial  filter  plate  movable  about  the  pin  and 

55  having  an  optical  aperture,  an  off  center  hole  for 
receiving  the  pin,  and  a  radial  groove;  and 
a  rotatable  disk  having  an  optical  aperture,  an  off 
center  pin  for  projecting  into  the  plate  radial 
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groove,  and  a  pin  for  projecting  into  the  holder 
annular  groove,  whereby  the  holder  optical  ap- 
erture,  the  plate  optical  aperture  and  the  disk  op- 
tical  aperture  are  aligned  and  movable  by  rotating 
one  or  more  of  the  base,  the  holder  and  the  disk. 

1  1  .  The  system  of  Claim  7,  wherein  the  spatial 
filter  assembly  further  comprises: 
a  base  having  a  passage,  the  base  for  rotatably 
mounting  on  the  detecting  means  such  that  the 
light  from  the  object  passes  through  the  passage  to 
the  detecting  means; 
a  diaphragm  assembly  having  a  movable  iris  dia- 
phragm  selectively  defining  the  size  of  the  aperture 
aligned  with  the  base  passage; 
a  support  having  a  hole  positioned  adjacent  the 
diaphragm  assembly; 
an  arm  in  the  support  linearly  slidable  through  the 
hole; 
a  light  blocking  member  mounted  on  the  arm  and 
alignable  to  block  some  or  all  of  the  light  from  the 
object  before  the  light  passes  through  the  variable 
aperture;  and 
means  for  focusing  the  light  from  the  object  toward 
the  detecting  means. 

12.  The  system  of  Claim  11,  wherein  the  focus- 
ing  means  further  comprises: 
a  pair  of  biconvex  lenses  positioned  to  focus  the 
light  from  the  object  through  the  spatial  filter  as- 
sembly  aperture  to  the  detecting  means. 

13.  The  system  of  Claim  7,  wherein  the  en- 
hancing  means  further  comprises: 
a  biconvex  lens  positioned  to  focus  the  light  from 
the  object  through  the  spatial  filter  assembly  ap- 
erture  to  the  detecting  means. 

14.  The  system  of  Claim  7,  wherein: 
the  aperture  is  shaped  like  a  cross. 

15.  The  system  of  Claim  7,  wherein; 
the  aperture  is  shaped  to  substantially  match  a 
uniform  intensity  level  area  in  an  interference  pat- 
tern  formed  when  linearly  polarized,  substantially 
monochromatic  light  is  transmitted  through  the  ob- 
ject. 

1  6.  The  system  of  Claim  7,  wherein: 
the  aperture  has  a  circular  cross  section. 

17.  The  system  of  Claim  7,  wherein: 
the  aperture  is  annular  shaped. 

18.  The  system  of  Claim  1,  wherein: 
the  enhancing  means  receives  light  transmitted 
through  the  object. 

19.  The  system  of  Claim  1,  wherein: 
the  enhancing  means  receives  light  reflected  from 
the  object. 

20.  The  system  of  Claim  19,  wherein: 
the  enhancing  means  further  receives  light  trans- 
mitted  through  the  object. 

21  .  The  system  of  Claim  1  ,  wherein: 
the  enhancing  means  permits  only  light 
wavelengths  emitted  by  the  object  to  pass  through 

the  enhancing  means. 
22.  The  system  of  Claim  1  ,  wherein  the  creat- 

ing  means  comprises: 
means  for  determining  the  position  of  the  beam  on 

5  the  object  scanning  plane; 
means  for  storing  the  signals  in  storage  locations 
corresponding  to  the  position  of  the  beam  oh  the 
object  scanning  plane; 
means  for  forming  the  stored  signals  into  the  im- 

io  age  representative  of  the  object  scanning  plane; 
and 
means  for  displaying  the  image. 

23.  The  system  of  Claim  1,  wherein  the  creat- 
ing  means  comprises: 

75  means  for  generating  a  pixel  clock  signal  repre- 
sentative  of  the  position  of  the  beam  in  the  first 
direction  on  the  object  scanning  plane; 
means  for  causing  the  position  of  the  beam  on  the 
object  scanning  plane  in  the  second  direction  to 

20  conform  to  a  desired  beam  position; 
means  for  storing  the  detected  light  signals; 
means  for  providing  control  signals  to  the  storing 
means  based  on  the  pixel  clock  signals  in  the  first 
direction  and  the  desired  beam  position  in  the 

25  second  direction  to  synchronize  the  storing  means 
such  that  the  detected  light  signals  are  stored  in 
storage  locations  corresponding  to  the  position  of 
the  beam  on  the  object  scanning  plane;  and 
means  for  forming  the  stored  signals  into  an  image 

30  representative  of  the  object  scanning  plane. 
24.  The  system  of  Claim  23,  wherein  the  gen- 

erating  means  includes: 
a  phase-locked  loop  means  for  synchronizing  the 
phase  of  its  output  with  the  phase  of  its  input  such 

35  that  the  pixel  clock  signal  is  synchronized  with  a 
spatially  derived  input:  and 
means  for  multiplying  the  spatially  derived  fre- 
quency  of  the  phase-locked  loop  input  by  a  pre- 
determined  number  to  form  the  pixel  clock  signals. 

40  25.  The  system  of  Claim  23,  wherein  the  caus- 
ing  means  includes: 
a  planar  reflective  surface  having  an  axis; 
a  galvanometer  supporting  the  reflective  surface 
such  that  when  the  galvanometer  is  energized,  the 

45  reflective  surface  moves  about  the  axis; 
means  for  directing  a  second  light  beam  on  the 
reflective  surface  such  that  when  the  galvanometer 
is  energized,  the  beam  scans  in  a  fashion  cor- 
responding  to  the  first  beam  in  the  second  direc- 

50  tion  on  the  scanning  plane  of  the  object; 
a  light  sensor  positioned  to  receive  the  second 
beam  reflected  from  the  reflective  surface  and  to 
generate  a  signal  representative  of  the  actual  posi- 
tion  of  the  first  beam  in  the  second  direction  on  the 

55  object  scanning  plane;  and 
a  galvanometer  control  means  for  controlling  the 
energization  of  the  galvanometer  to  conform  to  the 
desired  beam  position  based  on  the  actual  beam 
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position  signal  and  a  reference  signal  sent  by  the 
providing  means. 

26.  The  system  of  Claim  23,  further  compris- 
ing: 
means  for  sending  signals  to  the  providing  means 
indicating  the  position  of  the  beam  on  the  object 
scanning  plane  at  the  beginning  of  each  scan  of 
the  beam  in  the  first  direction,  whereby  the  control 
signals  supplied  by  to  providing  means  are  further 
based  on  the  signals  indicating  the  beginning  posi- 
tion  of  each  scan. 

27.  The  system  of  Claim  23,  wherein  the  stor- 
ing  means  comprises: 
a  digital  frame  storage  means  for  sampling,  digitiz- 
ing  and  storing  the  signal  from  the  detecting  means 
while  the  beam  is  scanning  a  frame; 
means  for  storing  a  plurality  of  frames  of  digitized 
signals  transferable  from  the  digital  frame  storage 
means;  and 
the  forming  means  comprises  a  central  processing 
unit  for  controlling  the  transfer  of  signals  from  the 
digital  frame  storage  means  to  the  storing  means. 

28.  The  system  of  Claim  1  ,  further  comprising: 
another  laser  for  producing  another  linearly  po- 
larized,  substantially  collimated,  single  wavelength 
beam  of  light,  the  laser  positioned  to  direct  another 
beam  along  the  path  of  the  first  beam  from  the 
scanning  means  to  the  object. 

29.  The  system  of  Claim  28,  wherein: 
the  another  laser  is  tunable  to  different 
wavelengths. 

30.  The  system  of  Claim  1  ,  further  comprising: 
confocal  means  for  detecting  light  reflected  from 
the  object  and  for  generating  electrical  signals  re- 
presentative  of  the  intensity  of  the  detected  re- 
flected  light;  and 
the  creating  means  also  for  creating  an  image 
representative  of  the  object  from  the  detected  re- 
flected  light. 

31.  The  system  of  Claim  1,  wherein  the  en- 
hancing  means  comprises: 
a  wavelength  selective  filter  assembly  for  selec- 
tively  passing  light  emitted  from  the  object  and 
blocking  the  laser  beam  of  light. 

32.  The  system  of  Claim  31,  wherein: 
the  light  emitted  from  the  object  is  luminescence. 

33.  The  system  of  Claim  32,  wherein: 
the  light  emitted  from  the  object  is  fluorescence 
caused  by  the  laser  beam. 

34.  The  system  of  Claim  1  ,  wherein  the  detect- 
ing  means  comprises: 
a  first  detecting  means  and  a  second'  detecting 
means;  and  the  enhancing  means  comprises: 
a  housing  having  means  for  mounting  a  wavelength 
selective  beam  splitter  such  that  the  light  from  the 
object  within  a  first  predetermined  wavelength 
range  passes  through  the  beam  splitter  to  the  first 
detecting  means  and  light  from  the  object  within  a 

second  predetermined  wavelength  range  is  reflect- 
ed  by  the  beam  splitter  to  the  second  detecting 
means. 

35.  The  system  of  Claim  1,  wherein  the  en- 
5  hancing  means  comprises: 

a  rotatable  filter  wheel  assembly  comprising  a  plu- 
rality  of  filters,  each  one  of  the  filters  allowing  a 
different  range  of  wavelengths  to  pass  through  the 
filter,  and  means  for  rotating  the  filter  wheel  assem- 

w  bly  such  that  the  light  from  the  object  passes 
through  a  selected  one  of  the  filters  to  the  detect- 
ing  means. 

36.  A  method  of  using  the  system  of  claim  1  , 
comprising: 

15  detecting  the  light  within  a  first  predetermined 
wavelength  range  from  the  object  by  the  detecting 
means;  and 
simultaneously  detecting  the  light  within  a  second 
predetermined  wavelength  range  from  the  object 

20  by  a  second  detecting  means. 
37.  A  scanning  laser  microscope  system  com- 

prising: 
an  optical  system  for  scanning  a  light  beam  in  a 
raster  scanning  fashion  on  a  scanning  plane  of  a 

25  material; 
means  for  detecting  the  beam  from  the  material 
and  for  generating  signals  representative  of  the 
intensity  of  the  detected  light; 
means  for  generating  pixel  clock  signals  repre- 

30  sentative  of  the  position  of  the  beam  in  a  first 
direction  on  the  scanning  plane  of  the  material; 
means  for  causing  the  position  of  the  beam  on  the 
material  scanning  plane  in  a  second  direction  per- 
pendicular  to  the  first  direction  to  conform  to  a 

35  desired  beam  position; 
means  for  storing  the  detected  light  signals; 
means  for  providing  control  signals  to  the  storing 
means  based  on  the  pixel  clock  signals  in  the  first 
direction  and  the  desired  beam  position  in  the 

40  second  direction  to  synchronize  the  storing  means 
such  that  the  detected  light  signals  are  stored  in 
storage  locations  corresponding  to  the  position  of 
the  beam  on  the  material  scanning  plane;  and 
means  for  forming  the  stored  signals  into  an  image 

45  representative  of  the  material  scanning  plane. 
38.  The  system  of  Claim  37,  wherein  the  op- 

tical  system  comprises: 
a  first  laser  for  producing  the  beam  comprising  a 
linearly  polarized,  substantially  collimated,  single 

50  wavelength  beam  of  light  having  an  axis; 
means  for  scanning  the  beam  in  a  raster  scanning 
fashion  in  the  first  direction  and  in  a  second  direc- 
tion;  and 
means  for  enhancing  light  from  the  material  by 

55  increasing  contrast  between  anomalies  and  a  re- 
mainder  of  the  material. 

39.  The  system  of  Claim  38,  wherein  the  scan- 
ning  means  comprises: 
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rotor  rotatable  about  a  rotor  axis  and  having  a 
circumferential  side  with  a  plurality  of  reflective 
facets,  the  rotor  positioned  to  receive  the  beam  on 
one  of  the  facets; 
means  for  rotating  the  rotor  to  cause  the  beam  axis 
to  scan  in  the  first  direction; 
first  optical  means  for  directing  the  beam  axis  from 
the  rotor  at  varying  angles  of  incidence  to  a  first 
point; 
a  planar  mirror  rotatable  about  a  mirror  axis  per- 
pendicular  to  the  rotor  axis  and  intersecting  the 
point,  the  mirror  positioned  to  receive  the  beam 
from  the  first  optical  directing  means; 
a  galvanometer  connected  to  the  planar  mirror  to 
cause  the  planar  mirror  to  move  about  the  mirror 
axis  and  to  cause  the  beam  axis  to  also  scan  in  the 
second  direction,  thereby  defining  a  raster  light 
pattern  in  a  plane  perpendicular  to  the  beam  axis 
reflected  from  the  planar  mirror; 
second  optical  means  for  directing  the  beam  axis 
from  the  mirror  at  varying  angles  of  incidence  to  a 
second  point;  and 
a  flat  field  apochromat  objective  lens  positioned  at 
the  second  point,  the  lens  for  receiving  the  beam 
from  the  second  optical  directing  means  and  for 
focusing  the  beam  to  the  scanning  plane  of  the 
object. 

40.  The  system  of  Claim  39,  further  compris- 
ing: 
means  for  sensing  to  send  signals  to  be  used  by 
the  providing  means  to  ensure  that  each  frame 
begins  using  the  same  face  of  the  rotor. 

41.  The  system  of  Claim  38,  wherein  the  en- 
hancing  means  comprises: 
a  rotatable  polarizing  filter  for  selectively  passing 
the  light  from  the  material  to  the  detecting  means 
at  a  particular  polarization  angle. 

42.  The  system  of  Claim  41,  wherein  the  en- 
hancing  means  further  comprises: 
a  spatial  filter  assembly  having  an  aperture  selec- 
tively  positionable  in  a  plane  parallel  to  the  material 
scanning  plane  and  for  passing  a  portion  of  the 
light  from  the  material. 

43.  The  system  of  Claim  38,  wherein  the  en- 
hancing  means  comprises: 
a  spatial  filter  assembly  having  an  aperture  selec- 
tively  positionable  in  a  plane  parallel  to  the  object 
scanning  plane  and  for  passing  a  portion  of  the 
light  from  the  object. 

44.  The  system  of  Claim  43,  wherein  the  spa- 
tial  filter  assembly  further  comprises: 
a  housing  having  a  slot  and  a  passage,  the  housing 
for  rotatably  mounting  on  the  detecting  means  such 
that  the  light  from  the  object  passes  through  the 
passage  to  the  detecting  means; 
a  support  plate  having  a  hole  and  a  support  plate 
linearly  slidable  in  the  slot; 
a  track  piece  slidable  through  the  hole; 

a  holder  seat  in  the  passage  and  connected  to  the 
track  piece; 
a  filter  holder  rotatably  supported  by  the  holder 
seat;  and 

5  a  filter  having  the  aperture  supported  by  the  filter 
holder,  whereby  the  aperture  is  positionable  in  one 
linear  direction  by  sliding  the  track  piece  through 
the  plate  hole  and  in  another  linear  direction  per- 
pendicular  to  the  one  linear  direction  by  sliding  the 

10  support  plate  in  the  housing  slot. 
45.  The  system  of  Claim  44,  wherein  the  spa- 

tial  filter  assembly  further  comprises: 
an  actuating  member  connected  to  the  filter  holder 
and  slidably  positioned  in  a  groove  in  the  track 

75  piece  such  that  when  the  member  slides  in  the 
groove  the  filter  is  moved  in  an  angular  direction. 

46.  The  system  of  Claim  43,  wherein  the  spa- 
tial  filter  assembly  further  comprises: 
a  base  having  a  passage,  the  base  for  rotatably 

20  mounting  on  the  detecting  means  such  that  the 
light  from  the  object  passes  through  the  passage  to 
the  detecting  means; 
a  rotatable  holder  having  an  optical  aperture,  a 
portion  rotatably  supported  in  the  passage,  an  an- 

25  nular  groove  and  an  off  center  pin; 
a  spatial  filter  plate  movable  about  the  pin  and 
having  an  optical  aperture,  an  off  center  hole  for 
receiving  the  pin,  and  a  radial  groove;  and 
a  rotatable  disk  having  an  optical  aperture,  an  off 

30  center  pin  for  projecting  into  the  plate  radial 
groove,  and  a  pin  for  projecting  into  the  holder 
annular  groove,  whereby  the  holder  optical  ap- 
erture,  the  plate  optical  aperture  and  the  disk  op- 
tical  aperture  are  aligned  and  movable  by  rotating 

35  one  or  more  of  the  base,  the  holder  and  the  disk. 
47.  The  system  of  Claim  43,  wherein  the  spa- 

tial  filter  assembly  further  comprises: 
a  base  having  a  passage  the  base  for  rotatably 
mounting  on  the  detecting  means  such  that  the 

40  light  from  the  object  passes  through  the  passage  to 
the  detecting  means; 
a  diaphragm  assembly  having  a  movable  shutter 
selectively  defining  the  size  of  the  aperture  aligned 
with  the  base  passage; 

45  a  support  having  a  hole  positioned  adjacent  the 
diaphragm  assembly; 
an  arm  in  the  support  linearly  slidable  through  the 
hole; 
a  light  blocking  member  mounted  on  the  arm  and 

so  alignable  to  block  some  or  all  of  the  light  from  the 
object  before  the  light  passes  through  the  variable 
aperture;  and 
means  for  focusing  the  light  from  the  object  toward 
the  detecting  means. 

55  48.  The  system  of  Claim  47,  wherein  the  focus- 
ing  means  further  comprises: 
a  biconvex  lens  positioned  to  focus  the  light  from 
the  object  through  the  spatial  filter  assembly  ap- 
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erture  to  the  detecting  means. 
49.  The  system  of  Claim  43,  wherein  the  en- 

hancing  means  further  comprises: 
a  biconvex  lens  positioned  to  focus  the  light  from 
the  object  through  the  spatial  filter  assembly  ap-  5 
erture  to  the  detecting  means. 

50.  The  system  of  Claim  43,  wherein: 
the  aperture  is  shaped  like  a  cross. 

51.  The  system  of  Claim  43,  wherein: 
the  aperture  is  shaped  to  substantially  match  a  10 
uniform  intensity  level  area  in  an  interference  pat- 
tern  formed  when  linearly  polarized,  substantially 
monochromatic  light  is  transmitted  through  the  ob- 
ject. 

52.  The  system  of  Claim  43,  wherein:  15 
the  aperture  has  a  circular  cross  section. 

53.  The  system  of  Claim  43,  wherein: 
the  aperture  is  annular  shaped. 

54.  The  system  of  Claim  38,  further  compris- 
ing:  20 
another  laser  for  producing  another  linearly  po- 
larized,  substantially  collimated,  single  wavelength 
beam  of  light,  the  laser  positioned  to  direct  the 
another  beam  along  the  path  of  the  first  beam  from 
the  scanning  means  to  the  object.  25 

55.  The  system  of  Claim  54,  wherein: 
the  another  laser  is  tunable  to  different 
wavelengths. 

56.  The  system  of  Claim  37,  wherein: 
the  material  comprises  a  birefringent,  partially  30 
transparent  material. 

57.  The  system  of  Claim  37,  wherein: 
the  enhancing  means  receives  light  transmitted 
through  the  object. 

58.  The  system  of  Claim  37,  wherein:  35 
the  enhancing  means  receives  light  reflected  from 
the  object. 

59.  The  system  of  Claim  58,  wherein: 
the  enhancing  means  further  receives  light  trans- 
mitted  through  the  object.  40 

60.  The  system  of  Claim  37,  wherein  the  gen- 
erating  means  includes: 
a  phase-locked  loop  means  for  synchronizing  the 
phase  of  its  output  with  the  phase  of  its  input  such 
that  the  pixel  clock  signal  is  synchronized  with  a  45 
spatially  derived  input;  and 
means  for  multiplying  the  spatially  derived  fre- 
quency  of  the  phase-locked  loop  input  by  a  pre- 
determined  number  for  form  the  pixel  clock  signals. 

61  .  The  system  of  Claim  37,  wherein  the  caus-  so 
ing  means  include: 
a  planar  reflective  surface  having  an  axis; 
a  galvanometer  supporting  the  reflective  surface 
such  that  when  the  galvanometer  is  energized,  the 
reflective  surface  moves  about  the  axis;  55 
means  for  directing  a  second  light  beam  on  the 
reflective  surface  such  that  when  the  galvanometer 
is  energized,  the  beam  scans  in  a  fashion  cor- 

responding  to  the  first  beam  in  the  second  direc- 
tion  on  the  scanning  plane  of  the  material; 
a  light  sensor  positioned  to  receive  the  second 
beam  reflected  from  the  reflective  surface  and  to 
generate  a  signal  representative  of  the  actual  posi- 
tion  of  the  first  beam  in  the  second  direction  on  the 
material  scanning  plane;  and 
a  galvanometer  control  means  for  controlling  the 
energization  of  the  galvanometer  to  cause  the  ac- 
tual  beam  position  in  the  second  direction  to  con- 
form  to  the  desired  beam  position  based  on  the 
actual  beam  position  signal  and  a  reference  signal 
sent  by  the  providing  means. 

62.  The  system  of  Claim  37,  further  compris- 
ing: 
means  for  sending  signals  to  the  providing  means 
indicating  the  position  of  the  beam  on  the  material 
scanning  plane  at  the  beginning  of  each  scan  of 
the  beam  in  the  first  direction,  whereby  the  control 
signals  supplied  by  the  providing  means  are  further 
based  on  the  signals  indicating  the  beginning  posi- 
tion  of  each  scan. 

63.  The  system  of  Claim  37,  wherein  the  stor- 
ing  means  comprises: 
a  digital  frame  storage  means  for  sampling,  digitiz- 
ing  and  storing  the  signal  from  the  detecting  means 
while  the  beam  is  scanning  a  frame; 
means  for  storing  a  plurality  of  frames  of  digitized 
signals  transferable  from  the  digital  frame  storage 
means:  and 
the  forming  means  comprises  a  central  processing 
unit  for  controlling  the  transfer  of  signals  from  the 
digital  frame  storage  means  to  the  storing  means. 

64.  The  system  of  Claim  25,  further  compris- 
ing: 
confocal  means  for  detecting  light  reflected  from 
the  material  and  for  generating  electrical  signals 
representative  of  the  intensity  of  the  detected  re- 
flected  light; 
the  storing  means  also  for  storing  the  detected 
reflected  light  signals; 
the  providing  means  also  for  providing  control  sig- 
nals  to  the  storing  means  based  on  the  pixel  clock 
signals  and  the  desired  beam  position  in  the  sec- 
ond  direction  to  synchronize  the  storing  means 
such  that  the  detected  reflected  light  signals  are 
stored  in  storage  locations  corresponding  to  the 
position  of  the  beam  on  the  material;  and 
the  forming  means  also  for  forming  the  stored 
detected  reflected  light  signals  into  an  image  repre- 
sentative  of  the  material. 

65.  The  system  of  Claim  37,  wherein  the  en- 
hancing  means  comprises: 
a  wavelength  selective  filter  assembly  for  selec- 
tively  passing  light  emitted  from  the  object  and 
blocking  the  laser  beam  of  light. 

66.  The  system  of  Claim  65,  wherein: 
the  light  emitted  from  the  object  is  luminescence. 

25 
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67.  The  system  of  Claim  66,  wherein: 
the  light  emitted  from  the  object  is  fluorescence 
caused  by  the  laser  beam. 

68.  The  system  of  Claim  37,  wherein  the  de- 
tecting  means  comprises: 
a  first  detecting  means  and  a  second  detecting 
means;  and  the  enhancing  means  comprises: 
a  housing  having  means  for  mounting  a  wavelength 
selective  beam  splitter  such  that  the  light  from  the 
object  within  a  first  predetermined  wavelength 
range  passes  through  the  beam  splitter  to  the  first 
detecting  means  and  light  from  the  object  within  a 
second  predetermined  wavelength  range  is  reflect- 
ed  by  the  beam  splitter  to  the  second  detecting 
means. 

69.  The  system  of  Claim  37,  wherein  the  en- 
hancing  means  comprises: 
a  rotatable  filter  wheel  assembly  comprising  a  plu- 
rality  of  filters,  each  one  of  the  filters  allowing  a 
different  range  of  wavelengths  to  pass  through  the 
filter,  and  means  for  rotating  the  filter  wheel  assem- 
bly  such  that  the  light  from  the  object  passes 
through  a  selected  one  of  the  filters  to  the  detect- 
ing  means. 

70.  A  method  of  using  the  system  of  claim  37, 
comprising: 
detecting  the  light  within  a  first  predetermined 
wavelength  range  from  the  object  by  the  detecting 
means;  and 
simultaneously  detecting  the  light  within  a  second 
predetermined  wavelength  range  from  the  object 
by  a  second  detecting  means. 

71.  A  scanning  laser  microscope  system  for 
assisting  in  the  characterization  of  an  object,  the 
system  comprising: 
a  first  laser  for  producing  a  first  linearly  polarized, 
substantially  collimated,  single  wavelength  beam  of 
light  having  an  axis; 
means  for  scanning  the  beam  in  a  raster  scanning 
fashion  in  a  first  direction  across  a  scanning  plane 
of  the  object  and  In  a  second  direction  perpendicu- 
lar  to  the  first  direction  across  the  scanning  plane 
of  the  object,  wherein  the  scanning  means  com- 
prises: 
a  rotor  rotatable  about  a  rotor  axis  and  having  a 
circumferential  side  with  a  plurality  of  reflective 
facets,  the  rotor  positioned  to  receive  the  beam  on 
one  of  the  facets; 
means  for  rotating  the  rotor  to  cause  the  beam  axis 
to  scan  in  the  first  direction  across  the  scanning 
plane  of  the  object; 
first  optical  means  for  directing  the  beam  axis  from 
the  rotor  at  varying  angles  of  incidence  to  a  first 
point; 
a  planar  mirror  rotatable  about  a  mirror  axis  per- 
pendicular  to  the  rotor  axis  and  intersecting  the 
point,  the  mirror  positioned  to  receive  the  beam 
from  the  first  optical  directing  means; 

a  galvanometer  connected  to  the  planar  mirror  to 
cause  the  planar  mirror  to  move  about  the  mirror 
axis  and  to  cause  the  beam  axis  to  also  scan  in  the 
second  direction  across  the  scanning  plane  of  the 

5  object,  thereby  defining  a  raster  light  pattern  in  a 
plane  perpendicular  to  the  beam  axis  reflected 
from  the  planar  mirror; 
second  optical  means  for  directing  the  beam  axis 
from  the  mirror  at  varying  angles  of  incidence  to  a 

10  second  point;  and 
a  flat  field  apochromat  objective  lens  positioned  at 
the  second  point,  the  lens  for  receiving  the  beam 
from  the  second  optical  directing  means  and  for 
focusing  the  beam  to  the  scanning  plane  of  the 

75  object; 
means  for  enhancing  light  from  the  object; 
means  for  detecting  light  from  the  enhancing 
means  and  for  generating  electrical  signals  repre- 
sentative  of  the  intensity  of  the  detected  light;  and 

20  means  for  creating  an  image  representative  of  the 
scanning  plane  of  the  object  from  the  detected 
light. 

72.  The  system  of  Claim  71,  wherein: 
the  object  comprises  a  birefringent,  partially  trans- 

25  parent  material. 
73.  The  system  of  Claim  71,  further  compris- 

ing: 
means  for  sensing  to  send  signals  to  be  used  by 
the  creating  means  to  ensure  that  each  frame  be- 

30  gins  using  the  same  facet  of  the  rotor. 
74.  The  system  of  Claim  71,  wherein  the  en- 

hancing  means  comprises: 
a  rotatable  polarizing  filter  for  selectively  passing 
the  light  from  the  object  to  the  detecting  means  at 

35  a  particular  polarization  angle. 
75.  The  system  of  Claim  74,  wherein  the  en- 

hancing  means  further  comprises: 
a  spatial  filter  assembly  having  an  aperture  selec- 
tively  positionable  in  a  plane  parallel  to  the  object 

40  scanning  plane  and  for  passing  a  portion  of  the 
light  from  the  object. 

76.  The  system  of  Claim  71,  wherein  the  en- 
hancing  means  comprises: 
a  spatial  filter  assembly  having  an  aperture  selec- 

ts  tively  positionable  in  a  plane  parallel  to  the  object 
scanning  plane  and  for  passing  a  portion  of  the 
light  from  the  object. 

77.  The  system  of  Claim  76,  wherein  the  spa- 
tial  filter  assembly  further  comprises: 

so  a  housing  having  a  slot  and  a  passage,  the  housing 
for  rotatably  mounting  on  the  detecting  means  such 
that  the  light  from  the  object  passes'  through  the 
passage  to  the  detecting  means; 
a  support  plate  having  a  hole  and  slidable  in  the 

55  slot; 
a  track  piece  slidable  through  the  hole; 
a  holder  seat  in  the  passage  and  connected  to  the 
track  piece; 

26 
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a  filter  holder  rotatably  supported  by  the  holder 
seat;  and 
a  filter  having  the  aperture  supported  by  the  filter 
holder,  whereby  the  aperture  is  positionable  in  one 
linear  direction  by  sliding  the  track  piece  through 
the  plate  hole  and  in  another  linear  direction  per- 
pendicular  to  the  one  linear  direction  by  sliding  the 
support  plate  in  the  housing  slot. 

78.  The  system  of  Claim  77,  wherein  the  spa- 
tial  filter  assembly  further  comprises: 
an  actuating  member  connected  to  the  filter  holder 
and  slidably  positioned  in  a  groove  in  the  track 
piece  such  that  when  the  member  slides  in  the 
groove  the  filter  is  moved  in  an  angular  direction. 

79.  The  system  of  Claim  75,  wherein  the  spa- 
tial  filter  assembly  further  comprises: 
a  base  having  a  passage,  the  base  for  rotatably 
mounting  on  the  detecting  means  such  that  the 
light  from  the  object  passes  through  the  passage  to 
the  detecting  means; 
a  rotatable  holder  having  an'  optical  aperture,  a 
portion  rotatably  supported  in  the  passage,  an  an- 
nular  groove  and  an  off  center  pin; 
a  spatial  filter  plate  movable  about  the  pin  and 
having  an  optical  aperture,  an  off  center  hole  for 
receiving  the  pin,  and  a  radial  groove;  and 
a  rotatable  disk  having  an  optical  aperture,  an  off 
center  pin  for  projecting  into  the  plate  radial 
groove,  and  a  pin  for  projecting  into  the  holder 
annular  groove,  whereby  the  holder  optical  ap- 
erture,  the  plate  optical  aperture  and  the  disk  op- 
tical  aperture  are  aligned  and  movable  by  rotating 
one  or  more  of  the  base,  the  holder  and  the  disk. 

80.  The  system  of  Claim  75,  wherein  the  spa- 
tial  filter  assembly  further  comprises: 
a  base  having  a  passage,  the  base  for  rotatably 
mounting  on  the  detecting  means  such  that  the 
light  from  the  object  passes  through  the  passage  to 
the  detecting  means; 
a  diaphragm  assembly  having  a  movable  iris  dia- 
phragm  selectively  defining  the  size  of  the  aperture 
aligned  with  the  base  passage; 
a  support  having  a  hole  positioned  adjacent  the 
diaphragm  assembly; 
an  arm  in  the  support  linearly  slidable  through  the 
hole; 
a  light  blocking  member  mounted  on  the  arm  and 
alignable  to  block  some  or  all  of  the  light  from  the 
object  before  the  light  passes  through  the  variable 
aperture;  and 
means  for  focusing  the  light  from  the  object  toward 
the  detecting  means. 

81  .  The  system  of  Claim  80,  wherein  the  focus- 
ing  means  further  comprises: 
a  pair  of  biconvex  lenses  positioned  to  focus  the 
light  from  the  object  through  the  spatial  filter  as- 
sembly  aperture  to  the  detecting  means. 

82.  The  system  of  Claim  76,  wherein  the  en- 

hancing  means  further  comprises: 
a  biconvex  lens  positioned  to  focus  the  light  from 
the  object  through  the  spatial  filter  assembly  ap- 
erture  to  the  detecting  means. 

5  83.  The  system  of  Claim  76,  wherein: 
the  aperture  is  shaped  like  a  cross. 

84.  The  system  of  Claim  76,  wherein; 
the  aperture  is  shaped  to  substantially  match  a 
uniform  intensity  level  area  in  an  interference  pat- 

10  tern  formed  when  linearly  polarized,  substantially 
monochromatic  light  is  transmitted  through  the  ob- 
ject. 

85.  The  system  of  Claim  76,  wherein: 
the  aperture  has  a  circular  cross  section. 

75  86.  The  system  of  Claim  76,  wherein: 
the  aperture  is  annular  shaped. 

87.  The  system  of  Claim  71  ,  wherein: 
the  enhancing  means  receives  light  transmitted 
through  the  object. 

20  88.  The  system  of  Claim  71  ,  wherein: 
the  enhancing  means  permits  only  light  emitted  by 
the  object  to  pass  through  the  enhancing  means. 

89.  The  system  of  Claim  71  ,  wherein: 
the  enhancing  means  receives  light  reflected  from 

25  the  object. 
90.  The  system  of  Claim  89,  wherein: 

the  enhancing  means  further  receives  light  trans- 
mitted  through  the  object. 

91.  The  system  of  Claim  71,  wherein  the  creat- 
30  ing  means  comprises: 

means  for  determining  the  position  of  the  beam  on 
the  object  scanning  plane; 
means  for  storing  the  signals  in  storage  locations 
corresponding  to  the  position  of  the  beam  on  the 

35  object  scanning  plane; 
means  for  forming  the  stored  signals  into  the  im- 
age  representative  of  the  object  scanning  plane; 
and 
means  for  displaying  the  image. 

40  92.  The  system  of  Claim  71  ,  wherein  the  creat- 
ing  means  comprises: 
means  for  generating  a  pixel  clock  signal  repre- 
sentative  of  the  position  of  the  beam  in  the  first 
direction  on  the  object  scanning  plane; 

45  means  for  causing  the  position  of  the  beam  on  the 
object  scanning  plane  in  the  second  direction  to 
conform  to  a  desired  beam  position; 
means  for  storing  the  detected  light  signals; 
means  for  providing  control  signals  to  the  storing 

50  means  based  on  the  pixel  clock  signals  in  the  first 
direction  and  the  desired  beam  position  in  the 
second  direction  to  synchronize  the  storing  means 
such  that  the  detected  light  signals  are  stored  in 
storage  locations  corresponding  to  the  position  of 

55  the  beam  on  the  object  scanning  plane;  and 
means  for  forming  the  stored  signals  into  an  image 
representative  of  the  object  scanning  plane. 

93.  The  system  of  Claim  92,  wherein  the  gen- 
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erating  means  includes: 
a  phase-locked  loop  means  for  synchronizing  the 
phase  of  its  output  with  the  phase  of  its  input  such 
that  the  pixel  clock  signal  is  synchronized  with  a 
spatially  derived  input;  and 
means  for  multiplying  the  spatially  derived  fre- 
quency  of  the  phase-locked  loop  input  by  a  pre- 
determined  number  to  form  the  pixel  clock  signals. 

94.  The  system  of  Claim  92,  wherein  the  caus- 
ing  means  includes: 
a  planar  reflective  surface  having  an  axis; 
a  galvanometer  supporting  the  reflective  surface 
such  that  when  the  galvanometer  is  energized,  the 
reflective  surface  moves  about  the  axis; 
means  for  directing  a  second  light  beam  on  the 
reflective  surface  such  that  when  the  galvanometer 
is  energized,  the  beam  scans  in  a  fashion  cor- 
responding  to  the  first  beam  in  the  second  direc- 
tion  on  the  scanning  plane  of  the  object; 
a  light  sensor  positioned  to  receive  the  second 
beam  reflected  from  the  reflective  surface  and  to 
generate  a  signal  representative  of  the  actual  posi- 
tion  of  the  first  beam  in  the  second  direction  on  the 
object  scanning  plane;  and 
a  galvanometer  control  means  for  controlling  the 
energization  of  the  galvanometer  to  conform  to  the 
desired  beam  position  based  on  the  actual  beam 
position  signal  and  a  reference  signal  sent  by  the 
providing  means. 

95.  The  system  of  Claim  92,  further  compris- 
ing: 
means  for  sending  signals  to  the  providing  means 
indicating  the  position  of  the  beam  on  the  object 
scanning  plane  at  the  beginning  of  each  scan  of 
the  beam  in  the  first  direction,  whereby  the  control 
signals  supplied  by  to  providing  means  are  further 
based  on  the  signals  indicating  the  beginning  posi- 
tion  of  each  scan. 

96.  The  system  of  Claim  92,  wherein  the  stor- 
ing  means  comprises: 
a  digital  frame  storage  means  for  sampling,  digitiz- 
ing  and  storing  the  signal  from  the  detecting  means 
while  the  beam  is  scanning  a  frame; 
means  for  storing  a  plurality  of  frames  of  digitized 
signals  transferable  from  the  digital  frame  storage 
means;  and 
the  forming  means  comprises  a  central  processing 
unit  for  controlling  the  transfer  of  signals  from  the 
digital  frame  storage  means  to  the  storing  means. 

97.  The  system  of  Claim  71,  further  compris- 
ing: 
another  laser  for  producing  another  linearly  po- 
larized,  substantially  collimated,  single  wavelength 
beam  of  light,  the  laser  positioned  to  direct  another 
beam  along  the  path  of  the  first  beam  from  the 
scanning  means  to  the  object. 

98.  The  system  of  Claim  97,  wherein: 
the  another  laser  is  tunable  to  different 

wavelengths. 
99.  The  system  of  Claim  71,  further  compris- 

ing: 
confocal  means  for  detecting  light  reflected  from 

5  the  object  and  for  generating  electrical  signals  re- 
presentative  of  the  intensity  of  the  detected  re- 
flected  light;  and 
the  creating  means  also  for  creating  an  image 
representative  of  the  object  from  the  detected  re- 

to  fleeted  light. 
100.  The  system  of  Claim  71,  wherein  the 

enhancing  means  comprises: 
a  wavelength  selective  filter  assembly  for  selec- 
tively  passing  light  emitted  from  the  object  and 

75  blocking  the  laser  beam  of  light. 
101.  The  system  of  Claim  71,  wherein: 

the  light  emitted  from  the  object  is  luminescence. 
102.  The  system  of  Claim  101,  wherein: 

the  light  emitted  from  the  object  is  fluorescence 
20  caused  by  the  laser  beam. 

103.  The  system  of  Claim  71,  wherein  the 
detecting  means  comprises: 
a  first  detecting  means  and  a  second  detecting 
means;  and  the  enhancing  means  comprises: 

25  a  housing  having  means  for  mounting  a  wavelength 
selective  beam  splitter  such  that  the  light  from  the 
object  within  a  first  predetermined  wavelength 
range  passes  through  the  beam  splitter  to  the  first 
detecting  means  and  light  from  the  object  within  a 

30  second  predetermined  wavelength  range  is  reflect- 
ed  by  the  beam  splitter  to  the  second  detecting 
means. 

104.  The  system  of  Claim  71,  wherein  the 
enhancing  means  comprises: 

35  a  rotatable  filter  wheel  assembly  comprising  a  plu- 
rality  of  filters,  each  one  of  the  filters  allowing  a 
different  range  of  wavelengths  to  pass  through  the 
filter,  and  means  for  rotating  the  filter  wheel  assem- 
bly  such  that  the  light  from  the  object  passes 

40  through  a  selected  one  of  the  filters  to  the  detect- 
ing  means. 

105.  A  method  of  using  the  system  of  claim  71, 
comprising: 
detecting  the  light  within  a  first  predetermined 

45  wavelength  range  from  the  object  by  the  detecting 
means;  and 
simultaneously  detecting  the  light  within  a  second 
predetermined  wavelength  range  from  the  object 
by  a  second  detecting  means. 

50 
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1028 
TWGGER—  J 

1030 

^2' 

SCAN 
VERTICAL 

DRIVE 

LOAD  SCAN 
COUNTER 

AUTO  MODE; 
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/  SCAN-1  CIRCUIT 
/  2 4 2  

START 
SCAN 

f  
248 

AND  | 
i ieej  j  

DELAYED  I 
SCAN 

DETECT  2*8  1 

CYCLE  —  I 

AUTO  —  

I 

:  SWITCH 

I  MANUAL/  I 
A  AUTO  J  : 

MODE  j 

MANUAL— DEBOUNCE:  i  FLIP-FLOP] 

[—(AND 

n  

I  CIRCUIT 
i  1102 

SINGLE  —  ! 
STEP  j 

RESET  —  ! 

1104 

PULSE 
SYNC 
CKT 
1120 

254 

STOP  SCAN 

SCAN 
COUNT 

-512 

Lj  FLIP-  -J 

|  FLOP 
—  j  1112 

AND  I f l  
n u r  

OR 
1116 

OR 
1122 

250 

250 

248 

SCAN  COUNT- 
STOP  VALUE 

OR 
1124 

LOAD 
SCAN 

COUNTER 
(MANUAL  MODE) 

-250 

SCAN 
COUNT 
CLOCK 
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SCAN-2  CIRCUIT 
i  2 4 4  

START 
SCAN 

COUNT 

SCAN 
COUNT 
CLOCK 

LOAD 
SCAN 

COUNT 

234 

234 

234 

BCD  TO  BINARY 
CONVERTER 

1202 

BCD  CODED 
THUMBWHEEL 

SWITCHES 

234 

234 

234 

BCD  TO  BINARY 
CONVERTER 

1208 

STOP 
SCAN 

COUNT 

10  BIT 
BINARY 

COMPARATOR 
1206 

250 

*  SCAN  COUNT 
- 5 1 2  

SCAN 
COUNT 

250 

SCAN  COUNT  * 
*  STOP  VALUE 
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SCAN-3  CIRCUIT 

I   
2 4 6  

T 

238 

BINARY  TO  BCD 
CONVERTER 

1312  V 

SCAN 

/  1308 

VOLTAGE  I 
REF. 
1304 

258 
\  

SCAN  COUNT 
(10  BfTS) 

MULTIPLYING 
DIGFTALTO 

ANALOG 
CONVERTER 
(10  BIT)  1302 

DIFFERENCE 
AMPLIFIER 

1306 

VARIABLE 
GAIN 

BUFFER 
AMPLIFIER 

1310 

210 

*.  Y-SCAN 
REFERENCE 

( 
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POSmON  SENSOR 
112 

GALVO  ASSEMBLY 
58 

114  - 118 

GALVO  CONTROL 
MODULE  116 

T  T 
BEAM  POSITION  ! 

AMPLIFIER  ! 
CIRCUIT  f  

258  i 

/ '  
252 GALVO 

DRIVER 
CIRCUIT 

260 

210 

i 

SCAN-3  CIRCUIT 
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296> 
1 .  

Terminal 

298v 

Printer 

82- 1 .  

Stage  I 
Controller  T"^ 

?  —   T ^ A  

Keypad 
Display 

30'  
Microscope 

S tage  

74 

COMPUTER  SYSTEM  8 6 ,  

Serial 
Interface 

2S2 

70  MB 
Disk  Drive 

284  

154  MB 
Disk  Drive 

285 

TK50 
Tape  Drive 

286  

RX  50  Dual 
Diskette  Drive 

290 

8MB  RAM 
Memory 

288 

277  

275- i  

»  , 2 7 1  

: z : : i : : : : :  

Frame  m\, 
Buffer  +>' 
272  r- 

k 2 7 9  

ALU 
276  

k 2 7 9  

ALU 
280 

Frame  ^ i j  
Butter  +x± 
278  

33 

Amplifier  266 

}  Frame  Storage 
Control  Circuit 

226 
216 

r  Video 
Display 

V  
292 

93' 
Amplifier  2S6 

^218* 

Frame  Storage 
Control  Circuit 

2 2 6 .  

Video 
Display J  

V ;  294 

274 -  CPU 
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APPENDIX  :  * 

/•  t cann. t r   u^a  I n . c  

This   program  Is  the  main  r o u t i n g   which  Imp  I  tmtnt  s  the  many  f u n c t i o n s  
r e q u i r e d   for   tht   p r o p i r   o p t r a t   ton  of  the  o p t i c a l   s c a n n i n g   m ic roscope   . 
Some  of  the  f u n c t i o n s   implement  ed  In  s o f t w a r e   Is  l i s t e d   b e l o w :  

a)  P o s i t i o n   the  s t age   c o n t r o l l e r  
b)  D i g i t i s e   and  d i s p l a y   an  Image 
c)  Record  she  Image  d a t a b a s e   Informal   Ion  o b t a i n e d   from  t h e  

o p e r a t o r  
d)  Record  the  apvropr   la te   mapping  tn  format  Ion  
e)  Move  s t age   c o n t r o l l e r   to  next  s p e c i f i e d   l o c a t i o n  
f)  Save  a n d / o r   r e t r i e v e   Images  data   t o / f r o m   the  h a r d - d i s k  

A  menu  Is  d i s p l a y e d   then  depend ing   on  the  o p e r a t i o n   d e s i r e d ,   the  o p e r a t o r  
makes  the  cho ice   by  way  of  the  k e y b o a r d .  
This  s o f t w a r e   package   was  d e s i g n e d   to  run  on  a  Micro*  ax  II   s y s t e m ,  
runn ing   VMS  3.0  or  h i g h e r .   It  a l so   r e q u i r e s   a  VAXC  c o m p i l e r   and  I t ' s  
a s s o c i a t e d   I  I b r a r   le t   .  VAX  sys tem  c a l l s   are  used  e x t e n s i v e l y   t h r o u g h o u t  
each  f u n c t i o n   Implement  at  ton  • /  

• I n c l u d e  
• I n c l u d e  
• I n c l u d e  
• I n c l u d e  
• I n c l u d e  
• I n e l u a e  

r m s d e f  
de  s c r i p  
l o d e f  
s s d e f  
* s t d l o . h >  
' v l r t ^ f r a m e s   , h '  

g l o b a l d e f   { ' I m a g e O  
g l o b a l d e f   { ' I m a g e l  
g l o b a l d e f   {'  lmage2  
g l o b a l d e f   { ' I m a g e i  
g l o b a l d e f   i ' l m a g i 4  
g l o b a l d e f   { " ImageS  
g l o b a l d e f   { ' t m a g e 6  
g l o b a l d e f   {'  lmege7  
maln[  ) 
{ 

{ • I m a g e O ' }  
{'  I m a g e l ' }  
{ ' t m a g e 2 ' }  
{'  I m a g e i ' }  
{ ' Image  4 ' }  
{ ' I m a g e S '   } 
{ ' t m a g e 6 ' }  
{ ' l m a g e 7 ' }  

/*  b u f f e r s   to  to  map  to  v i r t u a l   s p a c e  
char  f r a m e 0 ( 5 1 2 ] [ 5 1 2 ]   ; 
char  f r a m e l [ 5 1 2 ] [ 5 1 2 ]   : 
s t r u c t   r eg^J rame   d t ^ l o ^ r e g s   ; 
u n s i g n e d   shor t   pi  xe  l_4at   a[  5  12  }  1  5  12  ]  ; 
char  f r a m e 2 [ 5 1 2 j ( 5 1 2 }   : 
char  f r a m e 3 [ 5 1 2 l [ S 1 2 }   : 
sho r t   a l u _ J r a m e 0 l S 1 2 ] [ S 1 2 ] ;  
sho r t   a l u_ f r ame   11512]  [5121  ; 

shor t   l o s b l i j ;  
s t a t i c   SDESCJtlFTOM  t e r m i n a l   .  'SYSSINPUT' 
Char  'p rompt   -  'Do  you  wish  to  s a v e  
tnt  s t a t u s :  
s t a t i c   char  t n U b u f [ 4 ]   ; 
shor t   nou*oves   ,s t   g l e n ;  
shor t   w « / t r _ r y p f   ; 
shor t   I n ^ l u t   ,  o u t p u t   ; 
shor t   ' n o ^ j n o v e s p t r   ; 
shor t   channe  I  ,t  t  c h a n ;  
shor t   m c h a n p t r ;  
char  ' c h a r p t r ;  
shor t   •  l u t u s r y p t   r  ; 
FILE  • m a p f l l e ^ p t r ;  
tnt  x c o r . y c o r ;  
tnt  mxcorp t r   , ' y c o r p t r   ; 
shor t   l u t d a t   c[  256  ]  ; 
shor t   zoom; 
shor t   t  .]  : 
tnt  r^s  t  at  us  : 
shor t   s e r o l 2 5 6 ] :  

) :  
Image Y/S  [NJ 

A l  
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char  r e s p o n s e   1  10  J  ; 
s ho r t   group_j\o  . b u f f e r _ j i o . t u t _ j i o . x o f f . y o f f ;  
char   ' b a t   eheode  ; 
char   tmage^iame  l  25  ]  ; 
char   answer  t  10]  ; 
char   wafer_jxo[   10]  : 
s t a t i c   char  ext  ens  lonf  ]  -  ' . M A P ' ;  
s t a t i c   char  v f l e x t e n i ]   -  ' . V F J ' ;  

O  4 > 
9 03 

s t r u c t   a s a a t s c r   t p t o r _ s  
S t r u c t   d s c S d e s c r l p t o r ^ j t  
Char  •  In  f i l e n a m e   ; 
Char  out  f i l e n a m e   [255]   ; int   u n s i g n e d   v a l 2 . v a l ;  

zoom  »  0 ;  
group_jto  -  b u f f e r ^ j i o   -  / u t_ j»o  

r _ * r a f u j   -  m a p _ j » o / e r » u / 0   ; 
r«_  / / o t u j   -  m a p ^ t   regs{  )  ; 

f n l :  
f n o ;  

@  -  y o f f   -  loom  -  n e j n o v t i   -  <j; 

/•  mop  b u f f e r s   and  r e g i s t e r s   Into  ' 
b u r r c n i   p r o c e s s   s p a c e  • /  

/"  f n f f f a f f z *   the  d a t a - t r a n s l a t i o n  
.  -  »  j  •  /  %  hardware   « 

r _ j f o r u x   -  f g ^ J n l t i ) ;  
r ^ f t a t u s   -  a/  u_Jn/   1  [ g r o u p ^   no)  ; 

/ '   I n i t i a l i s e   the  s t a r e   • /  
x c o r p t r   -  A x c o r ;  
y c o r p t r   -  A y c o r ;  
Chanptr   -  A c h a n n e l ;  
no^noves  pt  r  -  d n s j n e v t ; ;  
r _ i » a f « j   -  eAan_jf   r  {chanpt   r  )  ; 

p r i n t   f { ' \ n C o u l d   not  a s s i g n   channel   to  s t age   . . . e x i t i n g ' ) ;  
goto  e x i t ;  

} 
' S t a t u s   -  s t a g t _ l n t t ( c h a n p t r   . x c o r p t r   . y c o r p t r )   ; 
\ f ( r _ ? t a t u s   fm  J )  

p r i n t   f ( ' \ n C o u l d   not  i n i t i a l i s e   s  t  age  ..  ex  1  1  Ing '   )  ; 
goto  e x i t ;  

f*  get  wafer   ba tch   name  • /  

iat  chcode  m  lmage_j\amt  ; 
i r i n t f { ' \ 0 3 3 [ 2 J ' ) ;  
> r t n t f ( ' \ n £ n t e r   the  wafer   ba tch   code{12  char  )  [Al  /_/   J_0O  / ; • )   ; 
i canf i   '%s'   . b a t c h c o d e )   ; 
i t g l e n   m  j  t  rl  «n(  eat  chcode  )  ; 
y M s t g l e n   >  I 5 ) \ \ { s t g l e n   —  0 ) )  

b a t c h c o d e   -  'Al  J__J  /_J  J_00  .MAP'  ; 
I 
t l s e  
'  /•  add  .map  f i l e   e x t e n s i o n  

st  r  cat  {bat  chcode  .ext  ens  I  on  ,6)  ; 

i2 
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} m  » J  menu  opt  Ion  • /  

p r l n t f [ ' \ t   I  CRYSTAL  TECHNOLOGY  Z-CUT\nm);  
p r t n t f ( ' \ t   2  CRYSTAL  TECHNOLOGY  X - C U T \ n ' ) ;  
p r l n t f { ' \ t   3  BARR-  STROUD  Z - C U T \ n ' ) ;  
p r i n t   f \ ' \ t   4  BARR'STROUD  X-CUT\n'  )  : 
p r i n t   f { ' \ t   3  ALLIED  Z-CUT\nm);  
p r i n t   f ( ' \ t   6  ALLIED  X-CUT\nm  )  ; 
p r i n t f { m \ t   7  UNION  CARBIDE  Z-CVT\nm);  
p r l n t f { ' \ t   8  UNION  CARBIDE  X - C U T \ n ' ) :  
p r t n t f ( ' \ t   9  GLOBAL  TECHNOLOGY  Z  -CUT  \nm  )  ; 
p r i n t   f ( ' \ t   10  GLOBAL  TECHNOLOGY  X - C U T \ n ' ) ;  
p r i n t   f ( ' \ n \ n S e l e c t   wafer   type  ( 2 - J O ) : " ) ;  
s c a n f [   *%d'  , & w a f e r _ t y p e   )  ; 
swl  t  c h { w a f e r _ j y p e   )  { 
ease  2 :  

e h a r p t r   -  'CTZL.*; 

ease  2 :  

ease  3 :  

ease  4 :  

ease  3 :  

ease  6 :  

ease  7 :  

ease  8 :  

ease  9 :  

ease  10 :  

d e f a u l t :  

b r e a k ;  

char  pt  r 
b r e a k ;  

eha rp t   r  
b r e a k ;  

cha rp t   r 
b r e a k ;  

cha rp t   r  
b r e a k :  

c h a r p t   r 
b r e a k ;  

cha rp t   r  
break  ; 

e h a r p t r  
break  ; 

cha rp t   r  
b r e a k ;  

cha rp t   r 
b r e a k ;  

eha rp t   r  
b r e a k ;  

-  mBSZ_m; 

-  ' B S X - ' :  

-  mALX_' 

-  mUCZ_"  : 

-  ' V C X S ;  

-  'GTZ^T: 

-  mCTZ_' 

/•  c r e a t e   or  append  ba tch   t a t  

mapfl   l e _ p t r   -  fopen(   bat  chcode  .  ' a '   )  ; 
/ p r i n t   f (mapf   l l e ^ p t r   . ' % s \ t % d \ n '   . b a t c h c o d e   . 0 ) ;  

/*  post  qto  for   t e r m i n a l   t n p u  
t f i d s t a t u s   -  SYSSASSIGNi&termlnal   ,a\t  tehan  .0  .0)  )<t  I)  /•  I )  

L I B i S T O P i s t a t u s )   : 

next  : 

A3 
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pr int   f ( * \ 0 3 3 l 2 J \ n m ) ;   o  o  ooo  <>«<>  «•»  »9 
r^js ta tus   m  d ig i t   I  se\group_jio  .buff   er_jio  . I n j l u t   . o u t p u t ) ;  

de lay:   t f { { { s t a t u s   -  iy j Ja iow(   /  .1  tchan  ,10WLJIMED\ 
lOS-JtEADPRCMPT  .Alosb  .0  .0  , a \ l n ^ u f , 3   ,4  .0  .prompt  . 
s  t  r  ltn{  prompt  ))  )  4  1)  /•  I )  
UBIST0P{  s t a t u s ) ;  

twi tch   { t o s b [ 0 ] ) {  
east  SSS-tiOSMAL  : 

^ t f l t n J k u f l O l   Y'  II  I n ^ u f l O l   —  V )  

p r l n t f { ' \ 0 3 3 l 2 J ' ) :  
pr in t   f i ' E n t e r   wafer  d e s e r l p t   lontup  to  9  cha r s ] :   *) ;  
scanf(  '%s  *  , w a / i r j i o ) ;  

/•  add  .9/1  e n d i n g ' /  
st  rcat  (  charpt  r  ,w«/*r_jio  . 1 0 ) ;  
s  t rea t   [ eha rp t r   .  v/  text  en.  6 ) ;  
r^jstat  us-  d t e l t l s e i t r o u p _ f l o . b u f f e r . j t o   .  I n j lu t   . o u t j l u t   )  ; 
r^f tmtus   -  cop j_f ramt(group_j to   . e h a r p t r )   ; 
t f i r ^ s t a t n s   /•  J )  

p r t m t f { ' \ 0 3 3 [ 2 1 " ) ;  
pr in t   /(  '  /  nUT  S  COPYEJUtOX  . . .DISK  F U L L \ n ' ) ;  

pr  tnt  /(*  IMAGE  NOT  SAVED  hit  C  to  c o n t t n u e : ' ) ;  
seenf{  '%s  "  . r e sponse )   ; 

/•  Set  up  system  s e r v t e t   call   d t s c r l p t o r s   to  get  fu l l   f i l e   name  I n c l u d i n g  
f i l e   ext  tns  I  on  for  map  data  f l i t   ' /  

fnl  ,dsc$w_length  -  s t r l e n ( c h a r p t r ) ;  
fnl  . d s c t b ^ c l a s s   -  DSCtK-CLASS^S  ; 
fnl  . d scSbu t typ t   -  DSCSKJDTYPE^; 
fnl  . d s e S a ^ o   tnt  t r -   e h a r p t r ;  

fno  .dseSw^t tngth   -  60;  
f n o . d s c S b _ e l a s s   -  DSCSKSLASS^S  ; 
f n e . d s e S b ^ J t y p t   -  DSCSKJXYPE^D: 
fno  .is  c la_poln t   tr  »  out  f i l e n a m e   ; 

/•  get  fu l l   f i l e   name  Inc luding   l a t e s t   f i l e   ex tens ion   ' /  

va/2  -  0 :  
val  -  2; 
r ^ s t e t u s   -  l l b i f l n d m J l l e { a \ f n l , a \ f n o . A v a l 2 . 0 . 0 . 0 , A * a l ) ;  

p r l n t f l ' \ n   f i l e n a m e   Is  %d  %s  '  .  r_J  t  at  us  .  fno  .  ds  cJ«_po  i  ax  t  r  )  : 
/ '   data  to  map  f i l e   ' /  

f p r t n t f ( m a p f l l e _ p t   r  .  '%s \ t%d\n '   .out  fl  lej iame  .nojnoves)   ; 
eharp t r   -  eharp t r   ♦  4;  
' e h a r p t r   -  ' \ 0 ' ;  
eharp t r   »  ekarp t r   -  4;  
b r e a k ;  

t  
else  t f { i n j > u f [ 0 ]   —  '£*  M  tnjt>uf[0]  —  ' « )  
i 

goto  e x i t ;  
b r e a k :  

A4 
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else  l f { ln_buf tO j   --  It  ' i^V  e< 

print   f { ' \ 0 3 3 [ 2 1 ' ) :  
pr in t   f { ' \ n P r o c e s s   Image  thtn  hit  C  to  cent  Inue : ' )   ; 

scanf{  *%/•  . response)   ; 
goto  d e l a y ;  
break  ; 

) 
} 

/ '   pos i t ion   stage  for  next  Image  capture  sequence  • /  

r ^ j t a t u s   -  next^jt  t  e  p[  chanpt  r  ,  xcorpt  r  .ycorpt  r  .nojnove  spt  r)  ; 
/ /Cr_f  »«t«*  /-  i )  

pr int   f { ' \ nLe   Its  command  re turns   error   . e x i t i n g ' ) :  
 ̂ 

goto  e x i t :  

goto  n e x t :  
e x i t :  

fc  I  os  t  {mapft  t  t_pt  r ) ;  

/•  MAPJPAFEXBUF  .C 
This  f unc t i on   maps  the  data  Trans  lat  Ion  frame  buffers   and 
ALU  buffers   Into  a  MlereVax  II  v i r tua l   address  s p a c e .  
S p e e i f i e l y   It  maps  the  address  space  of  the  two  frame  g r a b b e r s  
and  two  ALU  to  the  v i r t u a l   spaces  as  shown  below 

MODULE PHYSICAL  ADDRESS 
(OCT) 

VIRTUAL  ADDRESS 
{HEX) 

FRAME  CRABBER  NO.  1 
FRAME  CRABBER  NO.  2 
ALU  NO.  1 
ALU  NO.  2 

2 .000 .000  
4 . 0 0 0 . 0 0 0  
6 . 0 0 0 . 0 0 0  

12 .000 .000  

400 
40400 

180600 
200600 

No  Input  Is  requi red   .  The  funct ion   re turns   an  Integer   1  If  the  
mapping  was  success fu l   .  The  mapping  of  the  buffers   Is  not 
ptrmanment  and  last  only  as  long  as  the  current   p r o c e s s .  

•Include  s e c d e f  
•Include  s s d t f  
• include  l o d e f  
m a p ^ a f e r b u f i   ) 

/ •  
Int  s t a t u s ;  
tnt  t n a d d r l l l ;   / •  
tnt  vbn;  / •  
tnt  no^pages ;  
tnt  dtmemaddr;  / •  
int  qbus  phyaddr  :  /* 
int  v t r t   s t r a d d r ;   / •  
int  page_tount   : 
tnt  b y t e ^ p a g e :  

system  service   def  tnt  t  tons  

v i r t ua l   block  number  */  

Linker  placed  vtr t   s t a r t i n g   addr 

/ •  
set  up  system  se rv ice   parameters   for  frame  grabber  no.  1 
• /  

dtmemaddr  -  002000000;  /"  frame  grabber  no.  I  p h y s i c a l  

A5 
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«  <>  n  -o 

a&uj  phyaddr  •  0x30000000; 
v l r t s t r a d d r   -  0x00000400; 
peg*—  count  -  1024; 
byte_pagt  •  

address  * /  
/*  Q&uf  S t i r l i n g   mddrtss  ' /  
/"  Linker  pieced  v l r t   s t a r t i n g   eddr  ' /  

/*  number  of  pages  to  map  • /  no^pages  •  page—  count  ;  /•  «um*#r  o/  paj#i  to  ma;  • /  
InaddrJO]  -  vlrt   s t raddr   ; 
t n a d d r l l j   -  vtrt   s t raddr   ♦  (pcj*_count  •  *yr*_paf»)  -  2:  / ' t o t a l   bytes  • /  vbn  m  (qbusphyaddr  ♦  dtmemaddr  )  /by  te^page  ;  I*  /ram*  mimocr  • /  

map  /rama  buffer   no  .  J  to  microVax  v i r t ua l   address  space 

tf{{{  st  atus-sys3crm.pt  c(  Inaddr  .0  .0  .SECiM-PFNMAPlSECiKjrRT 
.0.0.  0.0.  no-pages.   vbn.  0 .0))   Al)  / - 2 )  

i«r  Hp  *y*t«m  se rv ice   paramet  ers  for  frame  grabber  no.  2 

dtmemaddr  -  004000000  ; 

qbusphyaddr  @  0x30000000; 
vlr t   s t raddr   -  0x00  100600  ; 
page—  count  -  1024; 
by  t  e—  page  -  522; 

/*  frame  grabber  no.  2  p h y s i c a l  
address  ' /  

I'  Qbus  s t a r t i n g   address  ' /  
/*  Ltniar   placed  vlr t   s t a r t i n g   addr  • /  

/'  num&«r  o/  pages  to  map  ' /  no_  pages  -  page—  count  ;  / '  nums«r  o/  pages  to  map  ' /  
ineddr  [0  J  -  virt   s t raddr   ; 
t n a d d r l l j   -  vlrt   s t raddr   *  (paff_count   @  ey t#_ ja f* )   -  2;  / ' t o t a l   bytes  */ 
via  »  (  qbus  phyaddr  ♦  dtmemaddr  )  I  by  t  e^jpage  ;  /•  frame  number  • /  

map  frame  buffer   no.  2  to  microVax  v i r t u a l   address  space  
' /  

l f U { * t a t u s ~ s y s S c r m p s c (   Inaddr  .0  .0  ,SECiM-PFNMAP\SECiKj7Hr 
,0  ,0  ,0  ,0  .no-pagt t   .vbn.O  .0))  Al)  I ' D  

l l b i s t o p ( s t a t u s ) ;  

set  up  system  service   paramet  ers  for  ALU  no.  1 
• /  

dtmemaddr  -  006000000;  / '   ALtf 

qbusphyaddr  -  0x30000000  ; 
virt   s t raddr   -  0x00180600; 
page_count  -  1024; 
byte—  page  -  522; 

/•  Altf  to.   2  p h y s i c a l  
address  • /  

/'  j t a r t f r i f   address  ' /  
/*  Knft tr   placed  vlr t   s t a r t i n g   addr  ' /  

/*  number  o/  pages  to  map  ' /  no—  pages  -  pof  *_eounf  ;  /"  num&cr  o/  pages  to  map  ' /  
InaddrfO]  -  vlr t   s t raddr   ; 
t n a d d r l l j   -  v  {  r  t  <  i  r«a"a"r  *  (  pa;  (..count  •  byte—  page)  -  2;  / ' t o t a l   bytes  ' I  
vbn  —  (qbusphyaddr  *  dtmemaddr  )  /»y  t  e^jtage  ;  /•  frame  number  */ 

map  All/  no.J  to  microVax  v i r t u a l   address  space  
• /  
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.O .O .0 .0 .no_pa f*x .vo* .0 .O) )   47)  I ' D  
2  IbSstopi  s t a t u s )   ; 

/ •  
set  up  systtm  service   paramet  ers  for  AW  ho.  2 
" /  

dtmemaddr  -  0012000000;  / '   AW  No  .  2  p h y s i c a l  

qbusphyaddr  -  0x30000000  ; 
v l r t s t r a d d r   -  0x00200600; 
page—  count  -  1024; 
byte—  page  -  522; 

/•  Alt/  tfo.  2  phy  s t e a l  
address  ' /  

/*  Qbuj  s t a r t i n g   address  */  
/•  2.inJt«r  placed  vlrt   s t a r t i n g   addr  • /  

/ '   *nme«r  o/  pages  to  map  ' /  no—  pages  •  paj  f_eau«t  ;  /•  «umo«r  o/  pages  to  map  * /  
inaddrlO]  "  v l r t s t r a d d r ;  
t n a d d r f / f   -  v l r t s t r a d d r   ♦  fpaj«_eouat  •  *yrr_paf#)   -  J;  / ' t o t a l   bytes  • /  
vbn  -  («»ajpfcyaa'a>  ♦  dtmemaddr  )/  by  t  e—  page  ;  / '   frame  number  ' /  

map  AW  no.  2  to  mteroVax  v i r t u a l   address  space  

) 

I f U i s t a t u s - s y s i c r m p s c i   tnaddr  .0  .0  .SECXHJ,FNMAJ>\SECSMJ7MT 
.0  .0  .0  .0  .no-pages  .vbn.0  .0))  Al)  I ' D  

l l b S s t o p ( s t a t u s ) ;  
re turn(   1  )  ; 

/'MAP.DTREGS 
This  func t ion   maps  the  DATA  TRANSLATION  I/O  r e g i s t e r s   from  the  
defau l t   c o n f i g u r a t i o n   of  OCT  17776400  to  a  MtcroVMS  v i r t u a l  
s t a r t i n g   address  of  SEX  00080400.  It  requi res   the  user  to  the  I n s t r u c t  
the  l inker   to  place  the  r e g i s t e r   frames  s t a r t i n g   at  HEX  00060400  . 
i .e  IMAGE  3  HEX  00080400  GLOBAL 

No  Input  Is  r equ i red .   The  funct ion   re turns   a  Int  1  If  the  
mapping  was  success fu l   .  The  mapping  of  the  r e g i s t e r s   Is  not  
permanment  and  last  only  as  long  as  the  current   p r o c e s s .  

• I  
• Include  s e c d e f  
•Include  s s d e f  
•Include  t o d e f  
m a p - d t r e g s ( )  
{  I*  system  service  d e f i n i t i o n s   ' I  

int  s t a tus   ; 
int  t nadd r [2 j ;   / '  s t a r t i n g   v i r t u a l   address  */  
Int  vbn;  /'  v i r t ua l   block  number  ' /  
tnt  no—  p a g e s :  

/ '  
DEFINITIONS 
• I  

tnt  to—  addr '   0  17776400  ;  t*  board  de fau l t   c o n f i g u r a t i o n   ' /  
Int  addr-masi   -  000017777; 
tnt  qbusphyaddr  -  0x20000000;  /•  Qbus  s t a r t i n g   address  ' /  
int  vlr t   s t r addr   -  0x00080400  ;/  '  Linker  placed  vtr t   s t a r t i n g   addr  ' .  
Int  page—  count  -  1:  /'  only  one  page  needed  ' /  
tnt  by  t  e_  boi*  ~  522; 

s t a t u s ;  
i n a d d r [ 2 j ;  
vbn; 
no—  pages  : 

system  service  d e f i n i t i o n s  

s t a r t i n g   v i r t u a l   address  *< 
v i r t ua l   block  number  ' /  

/•  aoara*  de fau l t   conf tgura t   ton  ' /  to—  addr '   017776400;  /•  board  de fau l t   conf tgura t   ton  ' /  
addr-masi   -  000017777; 
qbusphyaddr  -  0x20000000;  /•  Qbus  s t a r t i n g   address  ' /  
v l r t   s t r addr   -  0x00080400  ;/  '  Linker  placed  vtr t   s t a r t i n g   addr  ' /  
page—  count  -  1:  /'  only  one  page  needed  ' /  
by  t  e_  page  -  522; 
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set  up  system  service   p a r a m e t e r s  
• /  

no^  pages  -  page—  count  : 
InaddrJOj  '  v l r t s t r a d d r ;  
t n a d d r l l j   -  v l r t s t r a d d r   ♦  (  page_count  •  byte—  page)  -  1;  / ' t o t a l   bytes  • /  vbn  -  ((<o_«rfa*r  4  addr_jnask)  *  qbus  phyaddr  )  /by  t  e—page  ;  / ' p a g e s * /  

/ •  
map  vtr t   framt  buf fers   to  microVax  physical   Q  bus  a d d r i s s  
• /  

t f ( ( ( s t a t u s ' s y s $ c r m p s c {   Inaddr  ,0  .0  .SECl*U,FNMAlt\SECiMJPKT 
.O.O.O.O.no-pages  .vbn.  0.0))   Al)  I ' D  
l l b S s t o p ( s t a t u s ) ;  

r e t u r n ( l ) ;  
} 

This  r o u t l n t   t n l t l e l t s e   both  framt  g rabbers .   No  Input  Is  r e g u l r e d .  
re turns   a  one  If  It  was  success fu l   . 
• /  
•  Include  ' v l r t ^ J r a m e s   .Ji" 
g l o b a l r e f   s t r uc t   r e g ^ r a m e   dl—lo—regt; 
f j - l n l t l )  

short  tempi.  temp2:  / '   temporary  var iab le   ' /  
short  temp3. temp4;  
short  grnred  .blue  ;  /•  values  for  tuts  ' /  
short  l . J ;  

/ '   reset  frame  grabber  ' /  

dt—to—regs.dtO—tncsrl  @  0x8000: 
dt—io—regs.dtO—lncsrl  •  0; 

/ '   configure  board  to  have  the  fol lowing  c h a r a c t e r i s t i c s  
no  write  protect   ton 
se lec t   buffer   0 
se lec t   lut  0 
se lec t   channel  0 
func t ion   f ' a  
mode  '  normal 

• I  
d t—io_rtgs .dtO—lncsr2  •  0;  

/•  sync  to  camera  and  d i sp lay   buffer   0  ' /  

dt—  to—  Ttgs  .dtO—Out  csr  '  OxOOaO; 

/ '   load  output  and  Input  lut  s  . . .   lut  -  0  wtth  I t n t a r   data  ' /  

ttmpl  '  d t—lo—regs.dtO—tncsr l ;  
ttmp2  '  dt—to-fegs  .d tO—lncsr l ;  
ttmpl  '  dl—lo—regs.dtO—Outcsr; 

/ '   turn  off  d i sp lay   • /  
dt—lo—regs.dtO—Outcsr  -  dt—to—regs.dtO—Outesr  A  0 x f f 7 f :  

/ '   configure  to  lut  access  mode  " /  
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d t ^ to^ regs   . d lO^ lncs r l   -  0x6830;  •  »°»  "*  ** 

/•  /o«rf  tuts  • /  

/ o r ( l - 0 ; l * - 2 5 5 ; / - n - )   { 
d t_ to_regs   .dtO^tndex  -  I;  /*  Input  lut  data  • /  
d t_ lo_regs   .d tO^lnlut   -  I ;  
grnred  m l ;  
Hut   -  / ;  
grnr td   •  grnr td   <<  8: 
grnr td   -  grnr td   I  » / « # ;  
d t _ t o _ r t g s   .d tO^rtdgrn  »  g r n r t d ;  

I  
dt—to—Ttgs.dtOJblut  -  H u t ;  

d*—to-fegs  . d tO^ tncs r l   -  t t m p l ;  
d i — l o _ r * z * d t Q _ l n c t r 2   m  t tmp2;  
d t _ l o _ r t g s   .dtO_j>utcsr  -  t tmp3;  

/•  4o  tn«  *«m*  /or  tnt  second  set  o/  /r«m«  memory;  • /  

/"  r t t t t   framt  grabber  • /  

«*t_lo_rej*  .rfi  J_lne  j r l   -  0x3000; 
d t _ l o _ r t g s   .dt  l ^ J n c s r l   -  0; 

/•  conf igure   board  to  have  tht  fol lowing  c h a r a c t t r t t t   l e t  
no  wr l t t   protect   ion 
se lec t   buffer   0 
s t l t c t   tut  0 
se lec t   channel  0 
func t ton   f » a  
mode  -  normal 

• /  
d t _ t o _ r e g s . d t l _ l n c s r 2   -  0;  

/•  <yne  to  camera  and  d i sp lay   buffer  0  • /  

d t _ t o ^ e g s   .dt  l_out  csr  -  OxOOaO; 

/•  Zooa*  output  and  tnput  l u t s . . . l u t   •  0  witn  Hn«ar  rfota  • /  

tempi  -  d t_ to_regs   .dt  l _ l n c s r l   ; 
tempi  -  d t ^ l o ^ j t g s   .dt  l ^ l n c s r 2 ;  
temp3  -  d t_ lo_ jegs   .dt  l^outesr   ; 

/•  turn  o/ /   d i sp lay   • /  
d t_ lo_ jegs   .dt  l_outcsr   -  d t_ lo_regs   .dt  l_out  csr  a\  OxffTf ;  

/•  conf igure   to  lut  access  modi  • /  

d t ^ l e ^ r e g s   .dt  l ^ lncs r2   -  0x6830; 

/•  load  tuts  • /  
grnred  ~  0;  
Oiuc  •  0;  
/ o r ( i - 0 ; l ' - 2 J J : l * + )   { 

«"t_ 'o_r*j i   .tfi  l*rf#x  - 1 ;   Input  int  «"«t«  • /  
d t ^ lo^ j egs   .dt  l ^ tn lu t   •  I ;  
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grnr td   m  i ;  
»/u«  -  i t  
g rnr td   -  grnrtd  t<  t :  
grnr td   -  grnrtd  I  H u t :  
d t _ l o _ r t g t   .dt  I^r tdgrn   -  g r n r t d :  
d t J l o _ r t g t . d t l _ b l u t   -  •  l a a ;  

ri_fc__r«x'  1—tnetri  -  t t m p l ;  
' t ^ l o w t g s   .dt  lmmlncsr2  -  t tmp2;  
rt_lo_r#«*  .dt  l^ouiesr   •  l tmp3:  

t t u rn (   1)  ; 

•  AW_JNIT{AW-HO) 

This  func t ion   I n i t i a l i z e *   t«#  All/  board(s)   to  a  f  r a r f l ca t aHa   t t a f * .  
h«  SiTOJO"  J\NT  ALV ĴiO  t t t t c t s   between  alu  0  or  I  for  which  board  to  i n l t l a l s t .  
f  li  aot  *«ro  ar  »ni  tAan  aotn  a /« '«   ara  f  Hi  f  iai  txerf.  
A«  afar*  o/  «Aa  » « < r i ( i )   « / t a r   a  s u c c t s s f u l   int  t  ial  1st  Ion  i s :  

O  zoom  or  pen 
:r  I  thtmat  I  C  modt 
'unction  equal  F  -  A 
>ort  -  In  modt 
n t t r u p t   d i s a b l e d  
,ut  ztro  Is  s e l e c t e d  
tusy  bit  Is  c l e a r e d  
,ut  zero  Is  I  Intar  t z t d  

Tht  func t ion   r t t u r n s   a  ont  tj  tnt  mi  t  <a<  ixat  ton  >i 

/  
>includt  • v l r t _ f r a m t s   . h '  
• l o b a l r t f   s t ruc t   r tg^Jramt   d t ^ l o ^ r t g t ;  

;  I  n  1  1  (  a  I  u_A  0  ) 
thort  a l u _ n o :  

short  I  : 
short  r ^ j t a t u s :   /"  s ta tus   r t t u r n t d   • /  

fwi teA(a iu_no){   . . . . . . /  
caj#  0:  /m  I n i t i a l i z e   board  ztro  • /  

it  to^ r tgs   .aluQ^jcontroi  -  
a*tZio_r«|*  .a luO^control   -  0x0002: 
d t ^ l o _ r t g s   . a t u O s t a t u s   -  0x0000: 
rft_(o_re»J  . a luO^xof f s t t   -  0x0000: 
dt  lo^r tgs   . a luO^yof f s t t   -  0x0000: 
d t Z l o ^ j t g s   .a luO^lndtx  -  0x0000; 
f o r ( l ~ 0 ; l < ~ 2 3 S : l + * )  

d t ^ l o ^ r t g s   . a l uOJ lu tda t a   @ 
brtak  ; 

c u e   i :  

4*  lo_r*f  » . a / « / _   cent ra t   -  w i w w ;  
d t Z t o s t g s   . a l u J ^ c o n t r o l   -  0x0002; 
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«ft_t«_r«*»  .m tuJ^s t a tu t   -  OxOOOO; 
d t ^ t o ^ r t g s   . a l u l ^ x o f / s t t   -  0x0000; 
d t ^ t o w t g s   . a l u J ^ y o f / s t t   m  0x0000: 
d t_ lo_ r*g t   , a l u l _ l n d t x   »  0x0000;  /*  
f o r ( l - 0 ; l < - 2 3 3 ; l + + )  

d t _ l o ^ r t g s   . a l u l _ l u t d a t a   -  I ;  
a raaf t ;  

-  0x0000;  /*  Xoaa*  /«<  i  • /  

dt  f a u l t :  /•  f n fx / aU**   aaiA  «/K'f  • /  

d t ^ l o ^ r t g s   .aluO^cont  rol  -  0x0002;  /•  cftorr  1/  n e c e s s a r y  
d t_ lo_regs   .a luO^control   -  0x0002; 
d t_ lo_rcgs   .o luO^sta tus   m  0x0000; 
d t _ t o _ r e g s . a l u O _ x o f f t e t   -  0x0000; 
d t_ lo_ regs   .a luO^yoffse t   -  0x0000; 
d i _ t o _ r t g s   .a luO^lndtx  -  0x0000;  /*  laaa*  lut  0  ' /  

d t _ l o _ r t g s   . a luO^s ta tus   -  0x0000; 
d t _ l o _ r t g t   . a luO^xof f s t t   -  0x0000; 
d t _ l o _ r t g s   . a luO^yof f s t t   -  0x0000: 
d t _ t o _ r t g s   .a luO^lndtx  «@  0x0000;  /* 
f o r ( l m O ; l t m 2 3 5 ; l * * )  

d t ^ l o ^ r t g s   . e luO^lu tda ta   m  I ;  

foaeT  <nf  0  • /  

a!r_fa__ref*.«/»J_eoii traZ  -  0x0002;  / "  
«J»_lo_r«f  «  .«{  u;_een(reZ  -  0x0002; 
d t _ i o _ r e g s . * l u ] _ s t a t u s   m  0x0000: 
a"x_lo_r  «x*  -aiit  i_xo//»*i   -  0x0000; 
d t_ lo_segs   . a l u l ^ y o f f s e t   m  0x0000: 
d t ^ to^ regs   . a lu l^ tndex   -  0x0000;  /*  
f o r ( l - 0 ; l < ~ 2 S 3 ; t + + )  

i t _ i o _ r e g s . a l u l — l u t d a t a   -  / ;  
art  ok  ; 

/@  aaert  1/  n e c e s s a r y  

/•  Zoaa*  Jut  i  • /  

r u « r ( i (   J ) ;  

-  TAX*  program  assigns  an  I/O  channel  to  port  »2  of  tht  AS232 
for  ust  by  tht  Letts   Stagt  c o n t r o l l t r .  

• /  

eAen_je  x(cAann»Z  ) 
short  tnt  ' chann t l   ; 
{ 
•Include  s t d l o  
•Include  d t s c r l p  
•Include  t o d t f  
•Include  s s d e f  
•Include  t t d t f  
• include  t t 2 d e f  
•Include  d c d t f  
short  int  s t a t u s ;  
s t a t i c   short  chant  I ;  
s t a t i c   3DESCX1  PTOK(  terminal   .  'TTA2  : ' ) ;  
Chanel  -  *cAannel;  

/•  AxJijn  a  CAa.**a£  l»  tA«  f  irm<A«l  @/ 

axatai  -  SYStASSIGXlttermtnat  . ichanel   .0.0  )  at  J ;  

*cAann«i  *  c k a n t l ;  
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return  ( s t a t u s ) ;  
} 

/ ' s t a g t _ l n l t   .C 
This  program  I n i t i a l i s e s   tht  Le  1  1  s^cont  rol  I t r   '  s  s tagt   and  plaet   It  In 
a  halt  s t a t t .  

@7 

• tnc lud t   math 
*  I  net  no"  t  s t d l o  
• t n c l u d t   d t t e r t p  
• Inc lude   l o d e /  
• Include  s s d t f  
• t n c l u d t   t t d t f  
• Inc lud t   t t i d t f  
• t nc lud t   d c d t f  
s t a g e _ l n l t {   tchan  .  f i r   st^x  . f i r s t l y )  
short  ' t c h a n ;  
int  mf  t r j t ^ x   ,*  f i r s t l y   ; 

•d  tf  Int  3UFLES  81 
• d t f l n t   BUFLEN1  200 
• d t f l n t   BUF1  10 
tnt  xnum.ynum: 
short  tnt  s t a tus   .channel  . s i g n :  
s t a t i c   short  l o s b [ 4 ) ;  
s t a t i c   char  buf f t r2[3UFLEN];  
S ta t i c   unsigned  char  buff t r [BUFLEXj.xyJt>uJf t r [BUrLENl] ;  
tnt  mesk2[2l  -  ( 0 , 0 x 1 6 ) ;  
tnt  four_mask[2j   -  ( 0 , 0 x 2 0 ) ;  
int  funask{2j   -  (O.OxOf):  
int  t . J ;  
tnt  mask[2)  -  ( 0 . 0 x 2 0 ) ;  
short  t  trm^jnaskl  2  J  -  (O.OxOd  I  0 x 0 a / ;  
char  mask!  •  0x11:  
char  mask^l[3j   -  (0x05  .0x80  .0x80}  ; 
char  st  opunask  -  OxSb  ; 
char  pgm  •  0x27:  
char  t n t t r   -  0x22:  
char  brk  -  0x26: 
char  ont  -  0x2a;  
char  f t v t   -  0x31: 
char  «u_/o  -  0x5c;  
char  mask^.addr  ; 
char  xva l l lO]   . yva l l lO]   ; 
char  k s t r ;  

xnum  ~  ynum  —  0  ; 
channtl  -  • i c n a n ;  

-  5T5JQJCt?l  J  .  e«an«»l  .IOS_/£ADVBUC  I  tOSMJ/OECBO 
I  lOSM^HOFlLTR  I  103MJSCAFE  . 
Ale  lb  .0  .0  .buffer   .SUFI  .40  .mask2  . 
0.0)  4\  1; 

s ta tus   -  SYSiQ10&(  1  .channtl   ,103JfRJTEVBlJC  I 

41  o*»  .O.0.4mai*J.   I.  0 . 0 .  
0.0)  a\  1; 
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a  *  <a  »  • 
4  9  S  i  $  y  o  4 

s t a t u s   -  5TS*Q/OW(/.eAann*/  .JOiJffRlTEVBlX  I 
IOSMJ10FORMAT  . 
Alosb  .0  .0  ,Amask2  .  1  .0  .0  . 
0.0)  *  J ;  

Sta tus   -  5YSSQIGW{  1  .channtl   .  IOî XEALWBLK  I  10SMJ10ECHO 
I  IOSMJIOF1LTX. 

A l o s b . O . O . b u f f t r . B V F L E N . l . f o u r u n a s k ,  
0.0)  A  I ;  

s t a t u s   -  SYSSQICWi  l . channt   I  .lOi^READVBLK  I  lOtMJtOBCHO 
I  IOSMJJOFILTX. 

Alosb  .0,0.  buff  t r .BUFLEN.l . f   o u r ^ n a s k ,  
0.0)  A  1; 

s t a t u s   m  SYSsQlGW{  1  .channt l   .10%  JprRITEVBlZ  I 

Alosb  ,0  ,0  .Astop^jnask,  I.  0 . 0 .  
0.0)  A  1: 

s t a t u s   m  SYS$QIOP{  1  .channtl   ,101  _f£  ALTS  BIX 
I  lOViJ^OECHO  I  101KJJOFILTX. 

Alosb  .0.0.  buff  tr  .BUFLEN.l  . f o u r u n a s k .  
0.0)  A  1; 

s t a t u s   -  SrSJC/OWT  /.c«ann«Z  .IOijrRITEVBLK  I 

4<OJ*.O.0 .ma«Jk_; . J ,O.0 .  
0.0)  4  J;  

@@•••••@•••@••@•@@•@••••@@(@••@••••@•@@•••••a 
2>£juy  LOOP 

/or (J   -  O-.l  <  200000:1**)  
J  -  I ;  

p r l n t f { ' \ n ' ) :  

s t a t u s   -  SYSSQlOVf,  1  .channtl   ,  IOiJrVRITEVBLX  I 
JOSKJiOFOXMAT  . 
Alosb  .0  .0  .Aptm.  1  .0,0  . 
0.0)  A  1: 

/ • • • • • @ . • • @ • @ • • . • • • • > • • • • • • • • @ • • • • • • • • • • • • • • • • • • * • • • • • • • • • • • • •  
s t a tu s   -  SYS2Q1C*[1  .channtl   .lOi^REALWBLK 

I  lOWLNOECHO  I  JOSM^OFILTX. 
Alosb  .0.0.  buff  tr  .BVFLEti,  I.  f j n o s k .  
0.0)  A  1: 

• • . • . . . . . , . . . . . . . . . . . . . . @ • • • • • • • • > • • • • • • • » • • • • • • • • • • • • • • • • • • • • • /  
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s t a t u s   -  SY5SQICW(1.  channel  .lOSJyVXITEVBUC  I 
IOSHJJOFORMAT  . 
Atosb.O.O.Aone.  1.  0 . 0 .  
0.0)  A  1; 

/ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
s t a tus   -  SYSSQ10W(  1  .channel  .lOt^XEADfBLK 

I  tOifiWOECBO  I  IOIMJ40F11TX, 
Alosb  .0,0.  buffer  .BUFLEN,  I,  four^ jnesk .  
0.0)  A  I :  

*  •?  O *«   ̂ * 
»  a  3 
«  o  o 

4  »  »  *  O 

i(«rv>  -  SySlfi/CW^f  J.eJionn#r  .IOiJPXlTEVBLK  I 

Alosb.  O.O.Atnter  . 1 . 0 . 0 .  
0.0)  A  J :  

S ta tus   -  5r55C/CMr(;.cKanncl.iOi_jt£A£VBLZ 
I  IOSKJJOECHO  1  lOVi^OFILTR. 
A l o s b . O . O . b u f f e r . B U F L E N . l . f o u r j i e s k .  
0.0)  A  1; 

IOifiLJiOFORMAT  , Alosb  ,0  ,0  ,&au_to  .  1 . 0 . 0 .  
0.0)  A  1; 

/ • . . . . . . . . . . . . . . . . . . . . . . . . . . @ . . . . . . . . . . . . « . . . . . . . . . . . . . . • . . . . @ « . » . . @ @  
/  

H a r m   -  SYSSQ1CW{  1  .channel  .  10SJIEADVBLK 
I  I01MJ10ECH0  I  lOVi-NOFILTX. 

Alosb  .0.0.  x y j i u f f e r   .BUFLES1  . O . f o u r j n a s k .  
0.0)  A  1; 

/ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . • . . . . . * . . . @ . . . . • • . « . . . > • • • @ • •  
err   x  4  r  v a u / £ s  

. . . . . . . . . . . . . . . . . . . . /  

p r i m /   r \ n ' ) ;  
for  (I  m  0:1  <  BUFLENl:l++\ 

If  ( x y ^ u f f e r l l j   —  • - ' )  

xvaltO]  -  
x v a l l t l   -  x y j k u f f e r l l   *  I ] :  
xva l [2 j   -  x y j b u f f a r l l   *  2 ] ;  
xva l lS]   -  x y j b u f f e r l l   ♦  J7 ;  
x v a l H l   m  x y j b u f f e r l l   ♦ 
x v a l l i l   -  x y J t u f f e r U   *  i t ;  
xv,  I  [6]  -  x y j b u f f e r [ l   ♦  Ci ;  

1/  i x y j > u f f e r l l ]   —  ' ♦ ' )  
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{ 
yvel/O/  -  
y v c l [ l ]   -  x y _ » « / / . r / l   ♦  J / ;  
yvel [2]   -  x y j k u f f t r t l   *  2 j :  
y v l ( 3 l   -  x y j k u f f t r ( i   *  3 j ;  
yval [4]   -  x y j > u f f t r \ l   ♦  4} ;  
yva l lS j   -  x y j b u f f t r ( l   ♦  S j ;  
yv*l l6 j   -  x y _ o u / / « r / i   *  6 j ;  

)  
/ M U M I M M M I M I I I M I I I M M t l l l l l l l l M I M I I I I I I I I I I I I U I M I I  

CONVERT  X  ARAAY  VALVES  TO  SINGLE  INTEGER 
• . . . . . « . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . , . . . . . , . . . • /  

*<jn  "  1: 

I  -  0;  
i f   t x v l t U   J 

»i*n  -  - J ;  

<  -  2; 

/or  (imim  -  O .xva l f j J   >-  '(T  44  x v e l l l ]   tm  ' 9 ' : l * + )  
xnum  m  10  •  mum  ♦  x v a l [ l ]   -  ' 0 ' ;  

invm  —  sign  *  xnum: 

/ « . . . . . . . . . . . . . . . . . . . . . . . * . . . . . . . . . . . . . . . . . . . . « . . .  
CONVERT  Y  ARRAY  VALVES  TO  SINGLE  INTEGER 

. . . /  

xffn  •  J ;  
i  -  0; 
if  ( j * * U l ]   —  ' - " )  

*<f»  »  - J ;  

**♦; 

/or   (ynum  -  0 : y v e l [ l ]   >-  '0'  44  y v a l [ l j   <-  ' 9 ' ; J * « - )  
ynum  -  70  •  ynum  ♦  yvo / / i7   -  ' 0 ' ;  

ynum  -  jfgn  *  ynum; 

/ . . . . . . . . , . . . . . . . . . . . . . . . . . * .   » . . . . . . t   . . . . . . . . . . . . . . . . . . . . . . .  
RETURN  ARRAY  VALVES  TO  CALLING  PROGRAM 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . /  

' f i r s t s   -  xnum; 
' f t r t t ^ j   -  ynum; 

r f furn(   jxo*«j  )  ; 

/•  DIGIT  lZE{Grcup_j\o  .buf f i r^ j to   .  In_lut  . o u t p u t )  
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9  t?  o  a  a •  »  s  *  »  -a 

@J  *>  0  O  O  *5 •  @?>  (9  9  * O  #  •  »  a  e  * 

Tnf*  func t ion   d i g i t i z e s   ont  framt  of  data  and  t t o r t z   It  In 
tht  buffer   t  peel  f  ltd  by  tht  CROUPJ40  and  BUFFERJiO  both  short  tnt  tger  s(0  :  1)  . JNJVT  and  CUTJJJT  s p t c t f t t s   tht  Input  and  out_put  tuts  respect  I taly  {0 :7 )  
This  rout ines   stops  tht  eu r r t n t   act ion  of  tht  dt26Sl .   and  presumes  tht  t a t s  
havt  been  proper ty   I n i t i a l i z e d   by  a  ustr  pr ior   to  ca l l i ng   this  r o u t i n e .  
Is  re turns   a  one  If  it  is  successfu l   In  the  d i g i t i s a t i o n .  

ac t ion   t a k e n :  
c l ea r s   busy  and  pass through  b i t s  
change  tuts   to  the  ones  s e l e c t e d .  
turns  on  d i sp lay   to  the  buffer   s e l ec t ed   for  inpu t  
Alu  / u n c t i o n   becomes  f » a .  
modt  it  normal/  si  o**  s c a n ,  
cursor  r emains  

• /  
• Inc lude   ' v t r t ^ f r a m t s   . h '  
g l e b a l r e f   s t ruc t   r t g j ' r a m e   d t j o ^ r t g s   ; 

dt  gt  t  tzt  (  group_j\o  .buff   tr^jxo  .  in  J u t   . o u t p u t   ) 
short  g r o u p ^ j i o . b u f f t r ^ n o ;  
short  in_lut   .out  J u t   ; 
{ 

short  temp: 

»wl  t  ch(g  r  oup_jio  )  { 
east  0:  /•  group  0  " /  

d t j o ^ r t g s   . d t O J n c s r l   -  d t j o ^ j e g s   .d tO^lncsr   1  a?  OxffOO; 
t n j u t   *  t n j u t   a\  0x0007;  /•  gtt  valid  numbers 
o u t p u t   -  out  J u t   a\  0x0007; 
buffer^jto  «  buff tr^j io  a\  0x0001; 
ttmp  -  b u f f e r ^ i o ;  

/"  s t l t c t   tuts  * l  
bu f f t r^no   -  buff t r^j to   <<  7;  
d t j o ^ s t g s   . d t O J n e s r   1  -  d t j o ^ j t g s   . d t O J n c s r l   I  fn_Zuf;  

/*  s t l t c t   modt  and  alu  func t ion   * /  
d t j o u r e g s   , d t O J n c s r 2   -  0x0000; 
d t j o ^ r e g s   , d t O J n c s r 2   -  d t j o s e g s   . d t O J n e s r 2   I  b u f f e r . j i o ;  

/•  d i s p l a y  
d t j o ^ j e g s   .dtOuout  csr  -  d t j o s e g s   .dtO^out  csr  a\  OxfffO: 
d t j o w e g s   .dtQ__outcsr  -  d t j o ^ r e g s   .dtO_outesr   I  out  J u t   ; 
d t j o ^ r e g s   .dtO^out  csr  -  d t j e ^ j e g s   .dtO^fiutcsr  I  0x0080; 
tamp  -  temp  *<  4; 
d t j o ^ j t g s   .dtO_joutcsr  m  d t j o ^ j e g s   .dtO^out  csr  I  temp; 

/•  s t a r t   d i g i t i z a t i o n   • /  

d t ^ t o ^ r e g s   . d t O J n c s r l   -  d t j o ^ j r e g s   . d t O J n c s r l   I  0x0080: 
whllel   { d l j o w e g s   . d t O J n c s r l   at  0x0080)  /-  0)  /•  watt  • /  

b r e a k ;  

d e f a u l t :   t"  group  1  */  
d t j o ^ j e g s   .dt  I J n e s r l   -  d t j o ^ j e g s   .dt  l j n e s r   J  dt  OxffOO: 
t n j u t   -  In  J u t   at  0x0007;  /•  get  valid  numbers 
out  J u t   »  out  J u t   at  0x0007; 
buffo  r.jio  -  bu f fe r^ io   dt  0x000  1: 
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ttmp  -  b u f f t r ^ o ;  

/•  s t l t c t   luts   • /  
bu f f t r^no   -  b u f f t r ^ i o   <<  7;  
d t j o ^ j t g s   . d t l j n c s r l   -  d t _ l o _ j t g s   .dt  U n c s r l   I  (*_{@(; 

/•  s t l t c t   moit  mni  alu  / u n c t i o n   • /  
d t j o w g s   .it  U n c s r i   -  0x0000; 
dt_.lo_.rogs  . i t   l_ tncsr2   -  d t _ t o _ r t g s   . i t   l _ lncs r2   I  b u f f o r j t o ;  

/•  d i sp lay   • /  
d t _ l o _ r t g s   .dt  l_outcsr   -  d t _ l o _ r t g s   . d t l _ o u t c s r   A  O x f f / 0 ;  
d t _ l o _ r t g t   .dt  l_out  csr  -  d t _ l o _ r t g s   . i t   l_out  csr  I  o u t _ I n r ;  
d t _ i o _ r t { i   .dt  l—outcsr  -  i t _ l o _ r t g s   . i t   l_outcsr   I  OxOOtO; 
ttmp  m  ttmp  t<  4;  
d t_ lo_r*gs   -dt  l_ou tcs r   -  d t _ i o — r t g s . d t l _ o u t c s r   I  r«mp; 

d t _ t o _ r t g s   .dt  l _ l n c s r l   *  d t _ l o _ r t g s   .dt  l _ t n c s r l   I  0x0080; 
w h l l t { { d i _ l o _ r t g s   . d t l _ l n c s r l   A  0x0080)  /-  0)  /•  wall  • /  

e rcaJ t ;  
J 
r«  r  it  rn{  J  )  ; 

/*  copy_fromt.c   -  This  program  will  c r t a t t   a  s equen t i a l   f l i t   using  RMS. 
and  copy  tht  image  In  tht  framt  spec / l ed   by  t n t t g t r  
FRAKE_NO  {0.1.2  or  3).  to  tht  f l i t   s p t c l f l t d   In 
tht  char  s t r i n g   array  FILENAME  . 
Tht  func t ion   r t t u r n s   a  1  if  It  s u c c e s s f u l l y   c o m p l t t t s  
tht  t r a n s f t r   or  0  If  somt  f a t l u r t   e c c u r t d .  
Tht  f l i t   that  Is  c r t a t t d   Is  of  f l x td   I tngth   r t c o r d ,  
312  block  long,  with  each  p lxt l   compr  Is  tng  a  b y t t  
In  each  r t co rd .   Rtcord  0  contains   l in t   0,  r tcord   1 
I tn t   1  t t c .  

• Inc lude   " v l r t _ f r a m t s . k '  
g l o b a l r t f   char  f r a m e 0 ( 5 1 2 j [ 5 1 2 j :  
g l o b a l r t f   char  f r a m t l [ 5 1 2 ] l 5 1 2 j :  
g l o b a l r t f   char  f ramt2l   5  12  J  [  3  12  J  ; 
g l o b a l r t f   char  f ramt3l   5  12  J  [5  12  J  ; 
• t n c l u d t   rms 

copy_/ramt{framt_f\o  ,fl  le_namt  ) 
tnt  f ramt_j \o ;  
char  ft  I  t_namt  I  J  ; 

char  ( • p t r f r a m t ) ( 5 1 2 j :  
char  b u f f t r [ 5 1 2 ] l 5 1 2 ]   ; 
tnt  I . J ;  
s t r uc t   FAB  x t q _ f a b ;  
s t ruc t   RAB  s t q _ j a b ;  
r t g l s t t r   s t a t u s :  

/ • I n i t i a l   t i t   tht  FAB  and  RAB 
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seq_Jab  
s t q _ f a b  
s eq_ fab  
S  e  «_/«  b 
s eq_Jab  
s e q _ f a b  

. f a b i b ^ f n s  

.febSw_mrs 
@fabSb^xfm 
. fmb$b_org 

seq_reb.   r a b $ l _ J a b  
**o_r«b  .  r«oJ/__b*i 
seq^reb.   r a b i w _ r s x  

ft  /#_nam*  ; 
/ t r i m   ( / '   Z«_nom#  )  ; 
FASiKJVT  I  FAB3MJ310;  I  'wr  {to  access*  I 
312:  /'max  record  e l s e * /  
FAS3C_FIX:  / ' f i x   lenght  record  • /  
FASSCSEQ:  / '   j««u#n<i«{  occ«««  • /  

Aseq_fab :  
0 :  
65024; / '   i j / o   p»r  Hoc*  t r a n s f e r  

/@  choose  Image  buffer   to  be  copied  to  disk  f i l e   * /  

l f (frame_j\o  0 )  
f 
/ o r ( i - 0 ; l ^ - 5 J J : l * + )  

/ o r ( . / - 0 ; J < - 5 j ; ; J * + )  

 ̂ 
b u f f e r l l J l J J . f r a m e O t l J l j J ;  

else  l f[frame_jio  "   J)  
{ 
/ o r ( i - 0 ; f   f -5J ; . l« -« . )  

/ o r ( J - 0 ; J < - 5 n ; J * + )  
b u f f e r [ l ] l J J m f r a m e l [ t ] [ ] J ;  

else  lf(frememjio  2) 

/ o r ( l - 0 ; l   < - 5 ; j ; | . n . )  
/or(   J-0;  j < - J J J ; J + * )  

b u f f e r [ t ] [ j ] - f r e m e 2 [ l ] [ J ] :  

e l s e  
{ 
f o r ( t - 0 ;   K - S U :   t++) 

f o r ( J m O ; J < - S U ; J + + )  
b u f f e r l l l l i l - f r a m e S l l l l l l ;  

} 
ptr  frame  •  b u f f e r ;  
seq^jab  . r a b t l ^ j b f   -  ptr  framt;  / ' w r i t e   buffer   address  parameter*  I 

/ ' C r e a t e   the  f i l e   and  connect  the  record  stream  ' I  

If  { ( { s t a t u s   -  jyjJCA£AT£  U**o_^«b))   4  J)  J)  
goto  e r r o r ;  

If  ( ( ( s t a t u s   -  SYSSCONNECT  (Aseq^fab))   A  1)  /-  J  ) 
f*/o  e r r o r :  

/ '   do  block  t r a n f e r s   In  4  s e c t i o n s ,   127  l ines  each  • /  
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t,  •  :>  J  9  •* 

•  3  5  O  0 

»  (/  ( ( ( i ( « r n i   -  SYSSWXITE  (a\stq_rab))   A  J)  1) 
goto  t r r o r ;  

ptr  framt  •  ptr  framt  *  127; 
s tq_jab   , r a b l l _ j b f   -  ptr  f r a m t ;  

} 

/•  copy  (no  remaining  4  l i n t s ,   2049  byt ts   • /  

*«l_raO  .  rmb  |w_r*x  -  2048; 
if  ( { ( s t a t u s   m  SYSSWRITE  (Astq_rab))   a\  1)  /-  1) 

goto  t r r o r ;  

/•  close  tht  f l i t   • /  

if  ( ( ( s t a t u s   -  SYSSCLOSE  (4tseq_Jab))  4t  1)  /-  J)  
goto  t r r o r ;  

/•  r t s t t   wr i te   p a r a m t t t r s   so  next  proetss   write  will   s t a r t   at  t op  
of  framt  */  

ptr  framt  -  b u f f t r ;  
seq_jab  .rabSw_rss  -  65024;  /•  rotaZ  bytts   ptr  block  t r ans fe r*   I 
s t q _ j a b . r a b t l . j r b f   -  ptr  f r a m t ;  

r t tu rn{   1)  ; 
t r r o r :  

r t t u rn (O)   ; 
} 

/ * n e x t _ j s t e p . C  
This  program  stnds  Joy  s t ick   commands  to  tht  L t l t s ' s   c o n t r o l l t r  

• /  

n t x t _ j t   tp(  tchan  .  x_yal  ,y_vat  . s t t p s )  
short  *  I  chan  .*  s  1  1  ps  ; 
Int  *x_yal  .  *y_yal  ; 

• Include  math 
• t n c l u d t   s t d l o  
• Inc lude   d t s c r t p  
• Include  l o d t f  
•  Include  s ' s d t f  
• Include  t t d e f  
• Inc lude   t t 2 d t f  
• t n c l u d t   d e d t f  
• d t f l n t   BUFLES  200 
• d t f l n t   BUF1  10 
Int  xnum,  ynum; 
short  s t a tus   . p t t t p s ;  
short  I  .  j  .channt l   . s i g n :  
short  term_ma*k[2l  -  (O.OxOd  I  0x0a)  ; 
s t a t i c   short  t o s b l d j ;  
tnt  mask[2j  -  ( 0 . 0 x 2 0 ) :  
int  mask2[2j  -  ( 0 . 0 x 1 6 ) :  
int  four_jnask{2]  -  ( 0 . 0 x 2 0 ) :  
s t a t i c   char  bu f f t r2{SUFLESj :  
s t a t i c   unstgntd  char  buff  tr[BUFLEN]  .xyjf  ufftrlBUFLEN}  ; 
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Int  equnask[2j   -  ( 0 . 0 x 2 0 ) ;  
tnt  ee_jnaskl[2l  -  ( 0 , 0 x 1 1 ) ;  
char  mask_l{3]  ; 
char  x v a l l l O ] ;  
char  j v l l l O l :  
char  mask_addr  ,'  Jst  t c k ;  
char  stg_/nask  -  0x4d;  
char  masks  -  O x l l ;  
char  nut_maskUJ  -  (0x05.0x30.  0x80}  ; 
char  stop^mask  -  OxSb  ; 
char  chr  : 
channel  "  * l c h a n ;  

Xnum  •  ynum  <@  0 ;  

/ . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . , . . , . . , . . . . . . . , . . . . . . . . . .  
PEXFORM  command  (HEAD  'EQ'  FUCK  CONTROLLED 

f r t n t f   ( ' \ n ' ) :  
p r t n t f   ( ' r e a d i n g   "   t n q u l r a "   from  cont  rol  l e r \ n '   )  ; 
pr  Int  f  ( ' \ n ' ) ;  

s t a t u s   -  SYS3QICW(  I.  channel  ,I0i_READVBLK  I  IOSMJfOECHO 
I  lOSKJiOFILTR  I  lOSMJSCAPB. 

Alosb  ,0.0.  buffer   ,BUFLEN,0.eq_mask. 
0.0)  A  1; 

SEND  EQ  NUL  NUL  AS  REPLY  TO  EQ 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   « . . . . /  

s t a t u s   -  SYSIQIGW{  l  .channel  ,I0iJ?RITEVBLK  I  IOSKJiOFORMAT  . 
Alosb  ,0  ,0  .Anul^jnask  ,3  , 0 , 0 ,  
0.0)  A  1; 

INCREMENT  STAGE  STEPS 

f s t ep t   -  ' s t e p s ;  
p s t e p s * * ;  
' s t e p s   •  p s t e p s :  

p r t n t f ( ' \ n n u m b e r   of  s teps  -  %d'  .ps teps)   ; 
p r l n t f ( ' \ n ' ) ;  

PERFORM  command  (  SWITCH  'STG  NEXT'  ON) 
. . . . . , . . . . . . . . . . . . . . . . . . . . . . • • > • • • > > • • - • • • • • • • @ • • • • • • • • • • • • • • • • • • /  
p r t n t f   ( ' \ n ' ) ;  
p r t n t f   ( ' w r i t i n g   "STG  NEXT"  TO  cont  rol  l e r \ n '   )  ; 
p r t n t f   ( ' \ n ' ) ;  

s t a t u s   -  SYS3Q.1GW(1  .channel  .lOtJFRITEVBLK  I  I0tM_N0F0RMAT  . 
Alosb  .0,0.   As  tgunask.  1 . 0 . 0 .  
0.0)  A  1: 
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*  *  *  9  -3ft  © 

•  *  "3  O  »  0 
4  4  *  V  O  »  0<5 

/ • • • • • • •   • • • • • • • • • • •   . . . . . . . . . . . . . .   t  . . . . . . .  
PERFORM  command  [READ  'EQ'  FROM  CONTROLLER) 

• . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . » . . . . . . . . . « . . . . . . . . . . . . . . . . . . . . /  

*t«*i»*  -  5r5JQ/CW(  ;.c/iann*i  ./0J_A£ACVJI2T  |  lOSMJfOECBO 
I  JOSMJiOFlLTR  I  I0SMJ7SCAPE. 
Atosb  .0  .0  .buffer   .BUFLEN  .0  ,tq_jnask  , 0.0)  dt  I t  

/ . . . . . . . . . . . . . . . . . . • . « . . . . . . . . . . . . . . . . , . . . . . . . . . , . . .  
S£NZ>  £Q  WL  M/I  A5  REPLY  70  EQ 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . « . . . . . . . . . . . « . . . . . . . . . . . . . . . . . . . • • . /  

f<«t«(  -  5r5)Q/OW,(2.ehann«t./05_FX/r£V£Ur  I  lOSKJfOFORMAT  . Alosb  .0  .0  ,Anul_jnask  ,3  .0  .0  . 
0.0)  4  i ;  

/ • • @ • . . . . . . • • • • • .   ••@••@•••••@•@••@*@•.«@@.  M I I M I I I I M I M I I   I 
PERFORM  command  [READ  'EQ'  FROM  CONTROLLER) 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . I . . /  

s t a tus   -  jrSJC/CWf/.CrtannrZ  .  IOS_REAI#BLX  I  lOiMJiOECHO 
I  IOSMJIOFILTR  I  IOSMJSCAPE. 

Alosb  .0  .0  .buf fer   .BUFLEN  ,0  , tq_mask.  
0.0)  A  1; 

/ s . . . .   @ @ . • . . • . . . . . « . . . « . . . . . • . « @ « . « . . @ @ « . • . • • • . .  
S£V2>  £Q  w :   AC/2,  A5  A£«y  TO  £2 

. . . . « . . . . . . . . . . « . . . . . . . . . . . . . . . . . . . . . . « « . . . . . . . . . . « . . . . . . . . . . . . . . /  

j r a r m   -  SYSSQIO*(  1  .  channt  I  .IO$_WRITEVBLK  I  lOSMJiOFORMAT  . 
Alosb  ,0  ,0  ,Anul_mask  ,3  .0  ,0  . 
0.0)  A  2; 

/ . . . • . . • . . . . . . . . . . @ • @ . @ @ . • • • @ • @ • @ • . • • • @ • • • • • • • • • • • • • @ • • • > • • • • @ @ @ • @ •  
PERFORM  command  (READ  CO-ORDINATES  FROM  CONTROLLER) 

• . . . . • . . • . . . . . . . . . . . . . . . . . . • . • • • • @ @ • • • . • • • > • • • • • • • • • • • • • • • • • • • @ • • • • /  

j t i u i   -  SYS3QIGW(  1  .channel  .103  JREADVBLK  I  I0SM-N0EC30 
I  I0SM-N0F1LTR  I  I03M.ESCAPE  . 

Atosb  .0  .O .xy jbuf fe r   .BUFLEN.O  . tq^mask .  
0.0)  A  J :  

/ • . . . . . . . . . . . . . . # • • . . • . • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  
SfiVD  £C  AS  A£Pir  TO  £fl 

• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • @ • • • • • • @ • • • • • » • • • • • • • • • • • • • • • • • • • • /  

s t a tus   -  sySJC/0(V(; .e««««»/ . /OJJVWr£V£Ijr   I  IOVZJIOFORMAT  . 
Alosb  ,0  ,0  .Anul_mask  ,3  .0  .0  . 
0.0)  A  1  ; 

A21 



EP  0  363  931  A2 

»  -I  •  "  0  ?1  9  *>  '5-5  3 
t  4)  3  a  $  J 

/ • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . @ • » • * @ • • • • • • * • • • *  
PERFORM  command  (READ  'EQ'  FROM  CONTROLLER) 

••@•/ 

s t a t u s   -  SySJQ/OWfi.eBonnr/. /OJ^WACVaur  I  lOSMJfOECHO 
I  JOSMJiOFILTR  I  lOSMJtSCAFE. 

Alosb  .0  .0  . x y j t u f f t r   .BUFLEN  .0  .tq^mask  , 0.0)  A  I ;  

/ . . . . . . . . . . » . . . . . . . . . . . . . . . . . . . . , . . . . . . . . . . , . . . . . . . . . . . . . . . . . . . . . •  
C£T  2  at  r  VALVES 

p r i n t /  

/or   (I  •  0  ;  I  *  BUFLEN.I++) 

If  ( x y j b u f f t r l l ]   —  • - • }  

xvallOl  -  
x v o l [ l ]   -  x y j > u f f t r [ t   +  7 / ;  
xva l [2]   -  x y j b u f f t r l l   *  2 ) ;  
xva l [3]   -  x y j b u f f t r l l   *  31; 
xval [4]   m  x y j b u f f t r l l   ♦  « / ;  
xval lS]   -  x y j t u f f t r l l   ♦  3 ] :  
zva l lS j   -  * y j > u f f t r ( t   ♦  tf/ ;  

2/  ( x y j b u f f t r l l ]   —  

yvallO]  -  
y v o l l l l   -  x y j b u f f t r l l   ♦  j / ;  
yval[2]   -  x y j t u f f t r l l   ♦  2 / ;  
y v a i / J /   -  x y j * u f f t r ( l   ♦  J 7 ;  
yve l l s ]   m  x y j b u f f t r l l   ♦  4 / ;  
yva l lS l   -  x y j b u f f t r l l   *  3 ] :  
yva l l6]   -  x y j t u f f t r l l   *  6 ] ;  

) 

/ • • • a * .   a.  « • * @ . . * • * @ • • • • • • • • • • • • • • • • • • * • • • @ @ @  
CONVERT  X  ARRAY  VALVES  TO  SINGLE  INTEGER 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . • . • « • • • @ /  

*l jn  -  J ;  

I  -  0 ;  
i f ^ ( x v a t l l ]   mm  ' • • )  

Sign  m  . 1 ;  

I  -  J ;  

/a r   (xniun  -  O- .xv . l l t ]   >-  '0'  *U  x v a l U J   <-  ,**; i*«-)  
»«m  m  2Q  •  xnum  ♦  x v a l l l ]   •  ' 0 ' :  

xnum  m  sign  *  xnum; 
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/ . . . . * . . «  
c a w   ext  r  a r ray  va lves   to  s i ng l e   i n t e g e r  

Sign  -  J ;  
I  -  0 :  
* /<* •» • ' / «   J  —  • - * )  

sign  -  - J ;  

i  -  j.- 

for  {ynum  -  0 ; y v o l [ l ]   »-  '0*  44  7**1/1/  <-  ' P ' ; ! * * )  
ynum  •  JO  •  ynum  ♦  y v * l [ i ]   -  '0'  i 

ynum  -  J l jn   "  ynum; 

/ • • • . • • • • • • • . . . . . • • @ • • • • • @ . • • . . . . • • • . • • . . • • . • . . . @ • . @ • . @ • @ • • a  
RETURN  COORDINATES  TO  CALLING  PROGRAM 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . « . . . /  

"x_vaJ  -  xnum; 
*y_vaJ  -  ynum; 

rati irn  ( x r a r u j ) ;  
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