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Description 

The  present  invention  relates  generally  to  inspection  systems,  and  more  particularly  to  an  optical  inspec- 
tion  system  for  checking  the  presence  of  poor  conditions  of  mounted  parts  on  a  substrate  such  as  position 

5  inaccuracy,  lacks,  rising  and  soldering  fault  of  parts  packaged  or  installed  on  a  printed-circuit  board. 
Recently,  improvement  is  being  made  for  size-reduction  and  high-density  package  of  parts  to  be  installed 

on  a  printed-circuit  board,  whereby  difficulty  is  encountered  to  accurately  check  the  package  conditions  of  the 
parts  on  the  printed  board  through  the  visual  inspection.  In  order  to  cope  with  such  a  situation,  there  has  been 
proposed  a  system  which  automatically  inspect  the  package  conditions  of  the  parts  on  the  printed-circuit  board 

10  on  the  basis  of  data  optically  taken  through  an  optical  apparatus  such  as  a  video  camera  and  others.  Document 
US-A-4  627  734  discloses  a  system  for  inspecting  package  condition  of  parts  on  a  printed-circuit  board.  The 
surface  of  a  printed-circuit  board  is  scanned  by  means  of  a  laser  beam.  Two  reflected  beams  pass  via  sym- 
metrical  reflectors  to  be  sensed  in  two  position  sensitive  detectors.  The  data  obtained  by  the  position  sensitive 
detectors  are  compared  with  data  previously  stored  to  decide  whether  parts  on  the  printed-circuit  board  are 

15  on  the  right  place. 
There  is  a  problem  which  arises  with  such  conventional  optical  inspection  systems,  however,  in  that  dif- 

ficulty  is  encountered  to  obtain  accurate  data  in  terms  of  the  heights  of  the  parts  on  the  printed  board  due  to 
regular  reflection  light  from  metallic  surfaces  of  the  parts  and  printed-circuit  board,  shadows  of  the  parts,  and 
others.  In  addition,  in  cases  where  the  intensity  of  the  reflection  light  from  the  printed  board  and/or  the  parts 

20  thereon  due  to  illumination  of  a  light  beam  is  extremely  high  or  low,  it  is  difficult  in  practice  to  accurately  and 
quickly  measure  the  height  data  for  all  the  parts  on  the  printed-circuit  board,  because  of  difference  in  dynamic 
range  between  the  reflection  light  and  an  image-processing  unit  for  processing  an  image  due  to  the  reflection 
light  so  as  to  obtain  height  data  of  the  parts  on  the  printed-circuit  board.  This  causes  inspection  for  only  given 
parts  to  be  unavoidable  so  as  to  reduce  the  inspection  accuracy  as  a  whole.  Thus,  a  further  improvement  is 

25  required  with  a  view  to  heightening  the  accuracy  of  the  height  data  of  the  parts  to  increase  the  inspection  ac- 
curacy. 

SUMMARY  OF  THE  INVENTION 

30  It  is  therefore  an  object  of  the  present  invention  to  provide  a  system  for  inspecting  package  condition  of 
parts  on  a  printed-circuit  board  which  allows  accurate  three-dimensional  inspection  by  accurately  detecting 
the  height  data  of  the  parts  packaged  on  a  printed  circuit  board. 

In  accordance  with  the  present  invention,  there  is  provided  a  system  for  inspecting  package  condition  of 
parts  packaged  on  a  printed-circuit  board,  comprising: 

35  transferring  means  for  moving  said  printed-circuit  board  in  a  predetermined  direction;  light  source  means  for 
emitting  a  light  beam;  scanning  means  for  optically  scanning  a  surface  of  said  printed-circuit  board  with  the 
light  beam  emitted  from  said  light  source  means;  a  pair  of  optical  means  for  reflecting,  at  symmetrical  positions 
with  respect  to  the  scanning  plane,  scatterred  light  due  to  the  scanning  of  said  printed-circuit  board  performed 
by  said  scanning  means  and  condensing  the  reflected  light;  a  pair  of  position  detection  means  each  disposed 

40  to  be  responsive  to  the  condensed  reflected  light  for  respectively  generating  photoelectric  signals  11  and  12 
corresponding  to  an  incident  position  thereon;  characterized  by  first  calculation  means  for  calculating  lumi- 
nance  data  L1  and  L2  and  height  data  P1  and  P2  on  the  basis  of  said  photoelectric  signals  11  and  12;  second 
calculation  means  coupled  to  said  first  calculation  means  for  determining  a  final  height  data,  said  second  cal- 
culation  means  outputting  as  said  final  height  data  an  average  value  (P1  +  P2)/2  of  said  height  data  P1  and 

45  P1  when  |  P1  -  P2  1   ̂ AP,  outputting  as  said  final  height  data  said  height  data  P1  when  I  P1  -  P2  1  >  AP,  LMAX 
>  L1  >  LM|N  and  L1  >  L2,  outputting  as  said  final  height  data  said  height  data  P2  when  I  P1  -  P2  1  >  AP,  LMAX 
>  L2  >  LM|N  and  L2  >  L1  ,  outputting  as  said  final  data  zero-data  when  I  P1  -  P2  1  >  AP,  L1  <  LM!N,  and  L2  <  LM!N, 
and  outputting  as  said  final  height  data  zero-data  when  I  P1  -  P2  1  >  AP,  L1  >  L̂ x̂,  and  L2  > Lmax  where  AP 
represents  a  predetermined  height  difference  threshold,  LMAX  designates  a  predetermined  higher  luminance 

so  threshold,  LM!N  denotes  a  predetermined  lower  luminance  threshold;  and  decision  means  coupled  to  said  sec- 
ond  calculation  means  for  comparing  the  height  data  outputted  from  said  second  calculation  means  with  pre- 
determined  reference  data  to  decide  the  package  condition  of  said  parts  on  said  printed-circuit  board. 

That  is,  a  printed-circuit  board  having  on  its  surface  parts  is  optically  and  entirely  scanned  with  a  laser 
beam  emitted  from  a  laser  light  source  and  the  scattered  light  due  to  the  scanning  of  the  printed-circuit  board 

55  is  reflected  by  a  pair  of  reflection  mirrors  disposed  symmetrically  with  respect  to  the  scanning  direction  and 
then  condensed  by  a  pair  of  condensing  lenses  so  as  to  form  light  spots  on  optical  position  detection  devices. 
In  response  to  the  formation  of  the  light  spots,  each  of  the  optical  position  detection  devices  generates  pho- 
toelectric  current  signals  11  and  12  corresponding  to  the  condensed  position  thereon.  The  photoelectric  current 
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signals  11  and  12  are  processed  to  obtain  luminance  data  L1  and  L2  and  further  to  obtain  height  data  P1  and 
P1  of  the  parts  on  the  printed-circuit  board.  The  difference  between  the  height  data  P1  and  P2  is  calculated 
in  order  to  obtain  correct  data.  If  the  difference  therebetween  is  small,  the  average  value  of  the  height  data 
P1  and  P2  is  adopted  as  proper  height  data.  On  the  other  hand,  if  the  difference  therebetween  is  great,  one 

5  of  the  height  data  P1,  P2  and  zero-data  is  selected  on  the  basis  of  the  luminance  data  L1  and  L2  and  adopted 
as  the  proper  height  data.  The  proper  height  data  are  compared  with  reference  data  in  order  to  check  the  pack- 
age  condition  of  the  parts  on  the  printed-circuit  board.  This  arrangement  allows  accurate  three-dimensional 
inspection  and  automation  of  the  inspection. 

10  BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

The  object  and  features  of  the  present  invention  will  become  more  readily  apparent  from  the  following  de- 
tailed  description  of  a  preferred  embodiment  taken  in  conjunction  with  the  accompanying  drawings  in  which: 

Fig.  1  is  a  schematic  illustration  for  describing  an  inspection  system  according  to  an  embodiment  of  the 
15  present  invention; 

Figs.  2  and  3  are  block  diagrams  showing  a  circuit  arrangement  for  inspecting  a  package  condition  of  parts 
on  a  printed-circuit  board  by  obtaining  height  data  of  the  parts  in  the  embodiment; 
Fig.  4  is  a  schematic  illustration  for  describing  an  explanatory  example  of  an  inspection  system;  and 
Figs.  5  and  6  are  circuit  diagrams  showing  a  circuit  arrangement  for  inspecting  a  package  condition  of  parts 

20  on  a  printed-circuit  board  in  the  explanatory  example  of  Fig.  4. 

DETAILED  DESCRIPTION  OF  THE  INVENTION 

Referring  now  to  Fig.  1,  there  is  schematically  illustrated  an  optical  inspection  system  according  to  an 
25  embodiment  of  the  present  invention.  In  Fig.  1,  illustrated  at  numeral  105  is  a  light  source  means,  i.e.  a  laser 

light  source  which  emits  a  laser  beam.  The  laser  beam  emitted  therefrom  advances  through  reflection  mirrors 
1  08a  to  1  08c  as  illustrated  by  numeral  1  06  to  reach  a  polygon  mirror  1  07  which  is  rotatable  by  a  driving  device 
107a.  The  laser  beam  reflected  on  the  rotating  polygon  mirror  107  passes  through  an  f9  lens  109  and  then 
reaches  a  printed-circuit  board  101  so  as  to  perpendicularly  illuminate  a  surface  of  the  printed-circuit  board 

30  101  on  which  parts  102  are  packaged.  The  printed-circuit  board  101  is  mounted  on  a  transferring  means,  i.e. 
a  transferring  device  103  so  as  to  be  movable  in  a  direction  indicated  by  an  arrow  104,  whereby  the  surface 
of  the  printed-circuit  board  101  is  entirely  and  two-dimensionally  illuminated  with  the  laser  beam  reflected  in 
accordance  with  the  rotation  of  the  f9  lens  109.  The  scattered  light  due  to  the  laser  beam  incident  on  the  surface 
of  the  printed-circuit  board  101  is  reflected  by  a  pair  of  optical  means,  i.e.  a  pair  of  reflection  mirrors  110  and 

35  111  disposed  between  the  printed-circuit  board  101  and  the  f9  lens  109  and  symmetrical  with  respect  to  the 
illumination  (scanning)  direction  of  the  laser  beam  from  the  f9  lens  109  to  the  printed-circuit  board  101.  The 
reflection  (scattered)  lights  are  led  through  the  f9  lens  109,  the  polygon  mirror  107,  condensing  lenses  112 
and  113  up  to  optical  position  detection  devices  114  and  115,  respectively,  which  are  disposed  in  symmetrical 
relation  to  each  other  about  the  scanning  plane  of  the  laser  beam.  The  optical  position  detection  devices  114 

40  and  115  are  respectively  arranged  to  produce  photoelectric  current  signals  (detection  signals  116  and  117)  in 
correspondance  with  the  condensed  positions  of  the  scattered  and  reflected  lights  on  sensing  surfaces  thereof 
due  to  the  condensing  lenses  112  and  113.  For  example,  each  of  the  optical  position  detection  devices  114 
and  11  5  is  constructed  by  a  PSD  (Position  Sensitive  Detector),  for  example,  the  type  of  which  is  such  that  the 
current  flowing  through  both  end  electrodes  is  inversely  proportional  to  the  distance  therebetween.  That  is,  in 

45  response  to  the  incident  light  spot,  the  PSD  generates  a  photoelectric  current  which  is  in  turn  divided  into  two 
currents  11  and  12  flowing  to  two  output  terminals  through  a  P-type  resistive  layer,  respectively.  The  intensity 
of  the  current  11  is  obtained  by  dividing  the  photoelectric  current  at  an  inverse  ratio  of  distances:  one  is  a  dis- 
tance  from  the  beam  spot  to  one  output  terminal  and  the  other  is  a  distance  from  the  beam  spot  to  the  other 
output  terminal.  Therefore,  the  position  of  the  beam  pot  on  the  PSD  is  detected  by  measuring  current  intensities 

50  of  the  two  output  terminals.  The  PSD,  which  has  been  manufactured  by  HAMAMATSU  PHOTONICS  CO.,  LTD., 
may  be  used  for  the  optical  position  detection  devices  114  and  115.  In  response  to  the  reflection  lights  there- 
from,  the  optical  position  detection  devices  114and  11  5  respectively  output  detection  signals  116and  117each 
comprising  components  11  and  12  which  are  lead  to  a  first  calculation  means,  i.e.  an  image  processing  unit 
118.  The  image  processing  unit  118  performs  a  calculation  by  which  the  detection  signals  11  and  12  are  con- 

55  verted  into  luminance  data  L1  and  L2  and  height  data  P1  and  P2  of  the  parts  102  packaged  on  the  printed- 
circuit  board  101.  The  luminance  data  L1,  L2  and  the  height  data  P1,  P2  are  inputted  therefrom  to  second  cal- 
culation  means,  i.e.  a  judgment  calculation  unit  119.  The  judgment  calculation  unit  11  9  determines  final  or  prop- 
er  height  data  on  the  basis  of  the  luminance  data  L1,  L2  and  the  height  data  P1,  P2.  That  is,  comparison  is 

3 
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made  between  the  height  data  P1  and  P2,  and  if  the  difference  therebetween  is  relatively  small,  the  average 
value  of  the  height  data  P1  and  P2  is  determined  as  the  final  height  data,  and  if  the  difference  therebetween 
is  relatively  great,  the  final  height  data  is  determined  by  selecting  one  of  the  height  data  P1,  P2  and  zero-data 
on  the  basis  of  the  luminance  data  L1  and  L2  and  is  supplied  to  a  decision  means,  i.e.  a  decision  unit  120.  In 

5  the  decision  unit  120,  the  final  height  data  supplied  from  the  judgment  calculation  unit  119  are  compared  with 
predetermined  reference  data  so  as  to  decide  the  package  condition  of  the  parts  102  on  the  printed-circuit 
board  101. 

With  the  above-described  operation  being  repeatedly  performed,  it  is  possible  to  inspect  the  parts-package 
conditions  for  the  entire  surface  of  the  printed-circuit  board  101.  This  consecutive  operations  may  be  performed 

10  in  synchronism  with  signals  in  conjunction  with  the  rotation  of  the  polygon  mirror  107. 
The  image  processing  unit  118,  the  judgment  calculation  unit  119  and  the  decision  unit  120  will  hereinbelow 

be  described  in  detail  with  reference  to  Figs.  2  and  3.  In  Fig.  2,  the  image  processing  unit  118  includes  a  first 
pair  of  analog-to-digital  converters  (A/D  converters)  201  and  202  to  convert  the  components  11  and  12  of  the 
detection  signal  116  into  digital  signals  and  a  second  pair  of  A/D  converters  203  and  204  to  convert  the  com- 

15  ponents  11  and  12  of  the  detection  signal  117  into  digital  signals.  The  output  signals  (11,  12)  of  the  A/D  converters 
201  and  202  are  respectively  supplied  to  an  adder  205  so  as  to  produce  a  luminance  signal  L1  (11  +  12)  and 
the  output  signals  (11  ,  12)  of  the  A/D  converters  203  and  204  are  respectively  supplied  to  an  adder  206  so  as 
to  produce  a  luminance  signal  L2  (11  +  12).  Also  included  in  the  image  processing  unit  118  are  height  data  cal- 
culation  circuits  209  and  210  which  are  coupled  to  the  output  sides  of  the  A/D  converters  201  and  203  and 

20  further  to  the  output  sides  of  the  adders  205  and  206,  respectively,  so  as  to  calculate  the  height  data  P1  and 
P2  on  the  basis  of  the  output  signals  (11)  of  the  A/D  converters  201  and  203  and  the  output  signals,  i.e.,  lumi- 
nance  signals  L1  and  L2,  of  the  adders  205  and  206  in  accordance  with  the  following  equation  (1). 

P1  orP2  =  K  -  11/(11  +  12)  (1) 
where  K  represents  a  normalization  coefficient. 

25  The  judgment  calculation  unit  119  is  responsive  to  the  height  data  P1  and  P2  and  the  luminance  data  L1 
and  L2  from  the  image  processing  unit  118  to,  as  described  above,  perform  the  comparison  between  the  height 
data  P1  and  P2  so  that  the  average  value  of  the  height  data  P1  and  P2  is  determined  as  the  final  height  data 
when  the  difference  therebetween  is  small  and  one  selected  from  the  height  data  P1  ,  P2  and  zero  data  is  de- 
termined  as  the  final  height  data  P  when  the  difference  therebetween  is  great.  The  final  height  data  is  supplied 

30  to  the  decision  unit  120.  The  decision  unit  120  comprises  a  comparator  213  which  is  responsive  to  the  final 
height  data  P  from  the  judgment  calculation  unit  119  and  which  is  accessible  to  a  data  memory  214  storing  a 
reference  height  data.  The  comparator  213  compares  the  final  height  data  P  with  the  reference  height  data  to 
obtain  the  difference  therebetween.  The  output  signal  of  the  comparator  21  3  indicative  of  the  difference  there- 
between  is  supplied  to  a  decision  circuit  215  which  in  turn  determines  the  package  condition  of  the  parts  102 

35  on  the  printed-circuit  board  101  on  the  basis  of  the  difference  therebetween. 
Fig.  3  is  a  block  diagram  showing  a  circuit  arrangement  of  the  judgment  calculation  unit  119.  In  Fig.  3,  the 

height  data  P1  and  P2are  inputted  to  a  selection  circuit  305,  an  average  calculation  circuit  306  and  a  difference 
calculation  circuit  307.  A"0"  data  is  also  inputted  to  the  selection  circuit  305.  In  response  to  the  inputs  of  the 
height  data  P1  and  P2,  the  average  calculation  circuit  306  calculates  an  average  value  of  the  height  data  P1 

40  and  P2  and  the  difference  calculation  circuit  307  calculates  the  difference  therebetween.  The  output  of  the 
average  calculation  circuit  306  is  supplied  to  the  selection  circuit  305  and  the  output  of  the  difference  calcu- 
lation  circuit  307  is  supplied  to  a  decision  table  read  only  memory  (ROM)  31  1  .  On  the  other  hand,  the  luminance 
data  L1  is  supplied  to  comparators  308  and  310  and  the  luminance  data  L2  is  supplied  to  a  comparator  309 
and  the  comparator  310.  The  respective  outputs  of  the  comparators  308  to  310  are  supplied  to  the  decision 

45  table  ROM  311. 
In  the  difference  calculation  circuit  307,  the  calculated  difference  between  the  height  data  P1  and  P2  is 

compared  with  a  height  difference  threshold  AP.  In  the  case  of  I  P1  -  P2  I   ̂ AP,  the  difference  calculation 
circuit  307  outputs  a  binary  "1"  signal  to  the  decision  table  ROM  311  ,  and  in  the  case  of  I  P1  -  P2  I  >  AP,  the 
difference  calculation  circuit  307  outputs  a  binary  "0"  signal  thereto.  The  comparators  308  and  309  compare 

so  the  luminance  data  L1  and  L2  with  predetermined  higher  and  lower  luminance  thresholds  LMAX  and  LM!N,  re- 
spectively.  In  the  case  of  L^^x >L1  > Lmini  the  comparator  308  outputs  a  binary  "1  "  signal  to  the  decision  table 
ROM  311,  and  in  the  case  of  L^^x >  L2  > Lmini  the  comparator  309  outputs  a  binary  "1"  signal  thereto.  If  not, 
the  comparators  308  and  309  respectively  output  binary  "0"  signals  thereto.  Further,  the  comparator  310  per- 
forms  the  comparison  between  the  luminance  data  L1  and  L2  and  then  supplies  the  comparison  results  to  the 

55  decision  table  ROM  311.  That  is,  the  comparator  310  outputs  a  binary  "1"  signal  thereto  when  L1  >  L2  and 
outputs  a  binary  "0"  signal  when  L1   ̂ L2. 

The  following  is  the  decision  table  of  the  decision  table  ROM  311. 

4 
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I  PI  - 

JMAX 

■  P 2 |  
>  L I  

AP 

>  L2  >  L 
L2 

MIN 
MIN 

1  0  0  0  0  0  0 
0  1 1 0   1 0  

- 0 0 1 1 1 0  
-  0  1 1 0   0  1 

10 

P  =  (PI  +  P 2 ) / 2   1 
P  =  PI  0 
P  =  P2  0 
P  =  0  0 

0  0  0  0  0  0 
0  1 1 0   0  0 
0  0  0  1  1  0 
1  0  0  0  0  1 

In  the  selection  circuit  305,  in  the  case  that  the  difference  between  the  height  data  P1  and  P2  is  smaller 
than  the  height  difference  threshold  AP,  the  average  value  of  the  height  data  P1  and  P2  is  selected  as  the  final 

20  height  data  P,  and  in  the  case  that  the  difference  therebetween  is  greater  than  AP,  under  a  consideration  that 
the  height  data  P1  and  P2  are  incorrect  data  due  to  regular  reflection  on  the  printed  board  101,  shadow  of  the 
parts  1  02  or  others,  one  of  the  height  data  P1  ,  P2  and  the  zero  data  is  selected  as  the  final  height  data  P  in 
accordance  with  the  decision  table  of  the  decision  table  ROM  311  . 

A  description  will  be  made  hereinbelow  in  terms  of  an  explanatory  example  of  an  inspection  system  with 
25  reference  to  Figs.  4  to  6.  In  Fig.  4,  a  laser  beam  emitted  from  a  laser  light  source  505  reaches  a  polygon  mirror 

507  after  being  reflected  by  reflection  mirrors  508a  to  508c  as  illustrated  at  numeral  506.  The  laser  beam  re- 
flected  by  the  polygon  mirror  507  which  is  rotating  passes  through  an  f9  lens  509  so  as  to  perpendicularly  il- 
luminate  or  scan  one  surface  of  a  printed-circuit  board  501  on  which  parts  502  are  packaged  and  which  is 
mounted  on  a  transferring  device  503  so  as  to  be  movable  in  a  direction  indicated  by  an  arrow  504  at  a  pre- 

30  determined  speed.  Here,  the  rotation  of  the  polygon  mirror  507  allows  vertical  scanning  of  the  printed-circuit 
board  501  and  the  movement  of  the  transferring  device  503  causes  horizontal  scanning  thereof,  thereby  scan- 
ning  the  entire  surface  of  the  printed-circuit  board  501.  In  response  to  the  illumination  of  the  printed-circuit 
board  501  ,  the  laser  beam  is  scattered  and  a  portion  of  the  scattered  light  is  reflected  by  a  light-cutting  mirror 
510  which  is  disposed  between  the  printed-circuit  board  501  and  the  f9  lens  509,  and  then  led  through  the  f9 

35  lens  509,  the  polygon  mirror  507  and  a  condensing  lens  511  to  an  sensing  surface  of  an  optical  position  de- 
tection  device  such  as  Position  Sensitive  Detector  (PSD)  512.  The  optical  position  detection  device  512  gen- 
erates  a  detection  signal,  i.e.,  a  photoelectric  current  signal  513,  comprising  two  components  11  and  12,  in  cor- 
respondence  with  the  displacement  (or  position)  of  the  light  spot  formed  thereon  due  to  the  condensing  lens 
511.  The  displacement  of  the  light  spot  on  the  sensing  surface  of  the  optical  position  detection  device  512  is 

40  in  proportional  relation  to  the  height  of  the  parts  502  on  the  printed-circuit  board  501,  that  is,  the  position  of 
the  light  spot  on  the  sensing  surface  thereof  is  proportionally  displaced  in  accordance  with  variation  of  the 
height  of  the  parts  502  on  the  printed-circuit  board  501.  Thus,  the  detection  signals  11  and  12  correspond  to 
the  height  of  the  parts  502  on  the  printed-circuit  board  501,  and  the  height  data  H  can  be  obtained  on  the  basis 
of  the  detection  signals  11  and  12  in  accordance  with  the  following  equation. 

45  H  =  K  ■  (11  -  I2)/(I1  +  12)  (2) 
where  K  is  a  normalization  coefficient. 

This  equation  (2)  is  made  under  the  condition  that  the  height  data  becomes  zero  when  the  light  spot  is 
positioned  at  the  center  of  the  sensing  surface  of  the  optical  position  detection  device  512.  If  taking  the  con- 
dition  when  the  light  spot  is  positioned  at  an  end  portion  of  the  sensing  surface  thereof,  the  numerator  (11  -  12) 

so  of  the  equation  (2)  is  changed  to  11  or  12,  resulting  in  the  above-mentioned  equation  (1). 
The  output  signal  513  of  the  optical  position  detection  device  512  is  supplied  to  a  range-changeable  digi- 

tizing  unit  514  so  as  to  be  digitized  with  an  adequate  level.  The  output  signal  of  the  range-changeable  digitizing 
unit  514  is  supplied  to  a  height  calculation  unit  515  to  calculate  the  height  data  of  the  parts  502  on  the  printed- 
circuit  board  501  on  the  basis  of  the  output  signal  of  the  range-changeable  digitizing  unit  514.  The  calculation 

55  in  the  height  calculation  unit  515  is  made  in  accordance  with  the  above-mentioned  equation  (2)  or  a  table  cor- 
responding  to  the  above-mentioned  equation  (2).  Furthermore,  the  output  signal  of  the  height  calculation  unit 
515  indicative  of  the  calculation  result  is  led  to  a  decision  unit  516  which  compares  the  calculated  height  data 
with  predetermined  reference  height  data  to  check  the  package  condition  of  the  parts  502  on  the  printed-circuit 

5 
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board  501  . 
With  the  above-described  operation  being  effected  repeatedly,  inspection  can  be  performed  for  the  entire 

surface  of  the  printed-circuit  board  501  .  Here,  the  consecutive  operations  are  effected  in  response  to  synchron- 
izing  signals  indicative  of  the  scanning  start  and  generated  in  response  to  detection  of  one  end  of  the  printed- 

5  circuit  board  501  ,  synchronizing  signals  indicative  of  the  start  of  the  scanning  for  one-line,  and  clock  signals 
indicative  of  the  timing  corresponding  to  every  pixel.  The  description  of  these  signals  will  be  omitted  for  brevity. 

An  arrangement  of  the  range-changeable  digitizing  unit  514  will  be  described  hereinbelow  with  reference 
to  Fig.  5.  In  Fig.  5,  the  range-changeable  digitizing  unit  514  comprises  two  A/D  (analog-to-digital)  converting 
sections  601  and  602  whose  ranges  are  different  from  each  other  and  a  level  decision  section  603  arranged 

10  to  decide  the  range  of  an  input  signal  thereto.  In  response  to  inputs  of  the  detection  signals  11  and  12  from  the 
optical  position  detection  device  512,  the  A/D  converting  sections  601  and  602  simultaneously  digitize  the  de- 
tection  signals  11  and  12,  and  the  digitized  detection  signals  605  and  606  are  respectively  supplied  to  the  level 
decision  section  603  which  in  turn  decides  the  level  of  the  output  signal  of  the  optical  position  detection  device 
512.  The  decision  results  607  of  the  level  decision  section  603  are  respectively  fed  back  to  the  A/D  converting 

15  sections  601  and  602,  thereby  selecting  one  of  the  digitized  input  signals  as  will  be  described  hereinafter.  The 
output  signals  of  the  A/D  converting  sections  601  and  602  are  respectively  supplied  as  range-changed  detec- 
tion  signals  608  and  609  to  the  height  calculation  unit  515  which  in  turn  calculates  height  data  on  the  basis  of 
the  range-changed  detection  signals  608  and  609  whose  effective  ranges  are  widened.  In  Fig.  5,  numeral  604 
is  a  conversion  start  signal  for  the  A/D  converting  sections  601  and  602  which  is  produced  with  a  clock  signal 

20  which  is  a  timing  signal  at  every  picture  element. 
A  further  description  will  be  made  hereinbelow  with  reference  to  Fig.  6  in  terms  of  the  arrangements  of 

the  A/D  converting  section  601  and  level  decision  section  603  illustrated  in  Fig.  5.  The  arrangement  of  the  A/D 
converting  section  602  will  be  omitted  because  of  being  substantially  the  same  as  the  A/D  converting  section 
601.  In  Fig.  6,  the  A/D  converting  section  601  comprises  a  plurality  of  amplifiers  701  to  703  which  are  coupled 

25  to  the  output  signal  513  of  the  optical  position  detection  device  512  and  whose  gains  are  different  from  each 
other,  a  plurality  of  analog-to-digital  (A/D)  converters  704  to  706  coupled  to  the  output  sides  of  the  amplifiers 
701  to  703,  and  a  data  selection  circuit  707  coupled  to  the  output  sides  of  the  A/D  converters  704  to  706.  Here, 
the  digitizing  unit  514  is  designed  under  the  condition  that  the  level  of  the  output  signal  513  of  the  position 
detection  device  512  is  in  a  range  of  about  1  mV  to  about  10V. 

30  The  component  11  of  the  output  signal  513  of  the  position  detection  device  512  is  simultaneously  amplified 
at  the  three  amplifiers  701  to  703  whose  gains  are  different  from  each  other.  That  is,  the  amplifier  701  amplifies 
the  detection  signal  11  to  1  time,  the  amplifier  702  amplifies  it  up  to  ten  times,  and  the  amplifier  703  amplifies 
it  up  to  100  times.  Here,  it  is  also  appropriate  to  set  the  gains  of  the  amplifiers  701  to  703  to  2°,  24  and  26  (i.e., 
2m:  m  is  an  integer)  in  order  to  match  known  binary  code  type  A/D  converters.  The  outputs  of  these  amplifiers 

35  701  to  703  are  respectively  supplied  to  the  corresponding  A/D  converters  704  to  706  so  as  to  be  digitized  there- 
in.  Each  of  the  three  A/D  converters  704  to  706  has  therein  a  sample  and  hold  circuit  and  has  a  12-bit  resolution 
and  is  used  with  the  full-scale  +10V  unipolar  mode.  With  this  arrangement,  the  effective  resolutions  (conver- 
sion  to  the  input  voltage)  of  the  respective  A/D  converters  704  to  706  becomes  as  follows. 

A/D  converter  704  :  10/4096  =  2.441  [mV] 
40  A/D  converter  705  :  1  0/4096/1  0  =  0.244  [mV] 

A/D  converter  706  :  10/4096/100  =  0.024  [mV] 
These  A/D  converters  704  to  706,  being  closely  connected  with  each  other,  correspond  to  a  1  9-bit  A/D  con- 

verter.  Further,  this  arrangement  can  keep  the  conversion  speed  of  the  12-bit  A/D.  converter,  thereby  allowing 
high-speed  processing. 

45  The  level  decision  section  603  is  arranged  to  automatically  change  the  input  range  of  the  A/D  converter 
in  accordance  with  the  level  of  the  output  signal  51  3  of  the  position  detection  device  512  so  as  to  always  obtain 
effective  data  suitable  for  calculation  of  the  height  data.  Since  the  decision  of  the  level  of  the  output  signal  513 
of  the  position  detection  device  512  is  required  to  be  performed  with  an  addition  signal  of  the  components  11 
and  12  thereof,  the  output  605  of  the  A/D  converter  705  (the  intermediate  output  of  the  A/D  converting  section 

so  601)  is  first  added  to  the  output  606  of  the  corresponding  A/D  converter,  not  shown,  in  the  A/D  converting  sec- 
tion  602  (the  intermediate  output  of  the  A/D  converting  section  602)  in  an  adder  708  of  the  level  decision  section 
603,  thereby  producing  a  level  decision  signal  710.  This  level  decision  signal  710  is  led  to  a  level  decision  circuit 
709  which  in  turn  decides  the  level  of  the  output  signal  513  of  the  position  detection  device  512  using  the  level 
decision  signal  710  to  output  range-selection  signals  607  (713  to  715)  for  decision  of  an  optimal  range  to  data 

55  selection  circuits  707  in  the  respective  A/D  converting  sections  601  and  602,  the  outputs  of  which  are  supplied 
to  the  height  calculation  unit  51  5.  The  following  table  shows  the  relation  between  the  input  signal  and  the  range- 
changed  output  signal  in  this  explanatory  example. 

6 
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O u t p u t   of  R a n g e - C h a n g e a b l e   A/D  C o n v e r t i n g   S e c t i o n  
to  I n p u t   Va lue   of  P o s i t i o n - D e t e c t i o n   S i g n a l  

I n p u t   Va lue   O u t p u t   of  O u t p u t   of  O u t p u t   of  R a n g e - c h a n g e d  

of  S ig .   II  A/D  704  A/D  705  A/D  706  O u t p u t  

10 .0   V 4095  4095  

1-0  V  409  4095  4 0 9 5 ^  

0  I  v  40  409  4095  4095  U"L  (409  X40  ) 

10  mV  4  40  409  409 
J"U  ( 4 0 M 4 )  

1  mV  0  4  40  40 L  (4)  ( 0 )  

Because  of  being  different  in  input  range,  the  outputs  of  the  respective  AID  converters  704  to  706  with 
respect  to  the  input  signal  value  are  arranged  such  that  the  their  full  scales  are  shifted  by  one  figure  as  shown 
in  the  above-mentioned  table.  The  level  decision  signal  710  is  obtained  by  adding  the  output  605  of  the  A/D 
converter  705  in  the  A/D  converting  section  601  to  the  output  606  of  the  corresponding  A/D  converter  in  the 
A/D  converting  section  602,  and  hence  is  in  a  range  of  8190  to  0.  The  level  decision  circuit  709  outputs  the 
range-selection  signal  on  the  basis  of  the  level  decision  signal  710  using  a  comparator,  thereby  performing 
the  following  selection.  That  is,  1)  when  the  level  decision  signal  >  4095,  the  output  of  the  A/D  converter  704 
is  selected,  2)  when  409  <  the  level  decision  signal   ̂ 4095,  the  output  of  the  A/D  converter  705  is  selected, 
and  3)  when  the  level  decision  signal   ̂ 409,  the  output  of  the  A/D  converter  706  is  selected.  In  the  above- 
mentioned  table,  although  the  "Range-Changed  Output"  column  shows  the  signal  value  thus  selected,  in  the 
case  of  being  connected  with  a  plurality  of  A/D  converters,  the  maximum  value  is  shown. 

With  the  above-described  operation,  the  range  of  the  output  signal  513  of  the  position  detection  device 
512  is  automatically  determined  in  accordance  with  its  level  so  as  to  output  optimal  digital  data,  whereby  ac- 
curate  height  data  can  be  obtained  over  a  wide  range.  In  this  explanatory  example,  although  the  12-bit  A/D 
converter  is  used,  it  is  possible  to  ensure  the  resolution  corresponding  to  a  19-bit  A/D  converter.  Particularly, 
since  in  this  explanatory  example  a  plurality  of  amplifiers  and  a  plurality  of  A/D  converters  are  operated  in  par- 
allel  and  the  range-changing  and  data-selection  are  performed  after  digitizing,  the  accuracy  of  the  range- 
changing  is  improved  and  the  output  data  is  not  affected  by  the  range-changing,  thereby  accurately  obtaining 
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the  height  data.  Moreover,  since  12-bit  AID  converters  are  operated  in  parallel,  the  processing  can  be  per- 
formed  at  a  high  speed  substantially  corresponding  to  1  us/picture  element.  In  Fig.  6,  numeral  615  is  a  con- 
version  start  signal  for  the  AID  converting  sections  601  and  602  which  is  produced  by  a  clock  signal  which  is 
a  timing  signal  at  every  picture  element. 

5  It  should  be  understood  that  the  foregoing  figures  1-3  relate  to  only  a  preferred  embodiment  of  the  present 
invention,  and  that  it  is  intended  to  cover  all  changes  and  modifications  of  the  embodiment  of  this  invention 
herein  used  for  the  purposes  of  the  disclosure,  which  do  not  constitute  departures  from  the  scope  of  this  in- 
vention.  For  example,  the  range-changing  function  described  in  the  explanatory  example  can  be  employed 
for  the  above-described  embodiment. 

10 

Claims 

A  system  for  inspecting  package  condition  of  parts  (102)  packaged  on  a  printed-circuit  board  (101),  com- 
15  prising: 

transferring  means  (103)  for  moving  said  printed-circuit  board  (101)  in  a  predetermined  direction  (104); 
light  source  means  (105)  for  emitting  a  light  beam  (106); 
scanning  means  for  optically  scanning  a  surface  of  said  printed-circuit  board  (101)  with  the  light  beam  (106) 
emitted  from  said  light  source  means  (105); 

20  a  pair  of  optical  means  (110,  111)  for  reflecting,  at  symmetrical  positions  with  respect  to  the  scanning  plane, 
scattered  light  due  to  the  scanning  of  said  printed-circuit  board  (101)  performed  by  said  scanning  means  and 
condensing  the  reflected  light; 
a  pair  of  position  detection  means  (114,  115)  each  disposed  to  be  responsive  to  the  condensed  reflected  light 
for  respectively  generating  photoelectric  signals  11  and  12  corresponding  to  an  incident  position  thereon; 

25  characterized  by 
first  calculation  means  (118)  for  calculating  luminance  data  L1  and  L2  and  height  data  P1  and  P2  on  the  basis 
of  said  photoelectric  signals  11  and  12; 
second  calculation  means  (119)  coupled  to  said  first  calculation  means  (118)  for  determining  a  final  height  data, 
said  second  calculation  means  (119)  outputting  as  said  final  height  data  an  average  value  (P1  +  P2)/2  of  said 

30  height  data  P1  and  P2  when  I  P1  -  P2  1   ̂ AP,  outputting  as  said  final  height  data  said  height  data  P1  when 
I  P1  -  P2  1  >  AP,  LMAX  >  L1  >  LM|N  and  L1  >  L2,  outputting  as  said  final  height  data  said  height  data  P2  when 
I  P1  -  P2  1  >  AP,  LMAX  >  L2  >  LM|N  and  L2  >  L1,  outputting  as  said  final  height  data  zero-data  when  I  P1  -  P2  1 
>  AP,  L1  <  LM|N,  and  L2  <  LM!N,  outputting  as  said  final  height  data  zero-data  when  I  P1  -  P2  1  >  AP,  L1  >  LMAX, 
and  L2  >  LMAX  where  AP  represents  a  predetermined  height  difference  threshold,  LMAX  designates  a  predeter- 

35  mined  higher  luminance  threshold,  LM!N  denotes  a  predetermined  lower  luminance  threshold;  and 
decision  means  (120)  coupled  to  said  second  calculation  means  (11  9)  for  comparing  the  height  data  outputted 
from  said  second  calculation  means  (119)  with  predetermined  reference  data  to  decide  the  package  condition 
of  said  parts  (102)  on  said  printed-circuit  board  (101). 

40 
Patentanspruche 

1  .  System  zum  Prufen  eines  Packungszustands  von  auf  einer  gedruckten  Schaltungsplatte  gepackten  Tei- 
len  (102)  gebildet,  mit: 

45  einer  Transporteinrichtung  (103)  zum  Bewegen  der  gedruckten  Schaltungsplatte  (101)  in  eine  vorgege- 
bene  Richtung  (104); 
einer  Lichtquelleneinrichtung  (105)  zum  Aussenden  eines  Lichtstrahls  (106); 
einer  Abtasteinrichtung  zum  optischen  Abtasten  einer  Oberflache  der  gedruckten  Schaltungsplatte  (101) 
mit  dem  von  der  Lichtquelleneinrichtung  (105)  ausgesendeten  Lichtstrahl  (106); 

50  einem  PaaroptischerVorrichtungen  (110,  111)  zum  Reflektieren  eines  Streulichtsaufgrund  derdurch  die 
Abtasteinrichtung  durchgefuhrten  Abtastung  der  gedruckten  Schaltungsplatte  (101)  an  in  Bezug  auf  die 
Abtastebene  symmetrischen  Positionen  und  zum  Sammeln  des  reflektierten  Lichts; 
einem  Paar  von  Lageerfassungseinrichtungen  (114,  115),  von  denen  jede  so  angeordnet  ist,  dali  sie  auf 
das  gesammelte  reflektierte  Licht  anspricht,  urn  jeweils  photoelektrische  Signale  11  und  12  zu  erzeugen, 

55  die  einer  Lichteinfallposition  entsprechen; 
gekennzeichnet  durch 
eine  erste  Berechnungseinrichtung  (118)  zum  Berechnen  von  Leuchtdichtedaten  L1  und  L2  und  von  H6- 
hendaten  P1  und  P2  auf  der  Grundlage  der  photoelektrischen  Signale  11  und  12; 

8 



EP  0  417  736  B1 

einezweite  Berechnungseinrichtung  (119),  diemitderersten  Berechnungseinrichtung  (118)  gekoppelt  ist, 
zum  Bestimmen  von  endgultigen  Hohendaten,  wobei  die  zweite  Berechnungseinrichtung  (119)  einen 
Durchschnittswert  (P1  +  P2)/2  der  Hohendaten  P1  und  P2  als  die  endgultigen  Hohendaten  ausgibt,  wenn 
I  P1  -  P2  1   ̂ AP  gilt,  und  die  Hohendaten  P1  als  die  endgultigen  Hohendaten  ausgibt,  wenn  I  P1  -  P2  1  > 

5  AP,  LMAX  >  L1  >  LM|N  und  L1  >  L2  gilt,  und  die  Hohendaten  P2  als  die  endgultigen  Hohendaten  ausgibt, 
wenn  I  P1  -  P2  1  >  AP,  LMAX  >  L2  >  LM!N  und  L2  >  L1  gilt,  und  Null  als  die  endgultigen  Hohendaten  ausgibt, 
wenn  I  P1  -  P2  1  >  AP,  L1  <  LM!N  und  L2  <  LM!N  gilt,  und  Null  als  die  endgultigen  Hohendaten  ausgibt,  wenn 
I  P1  -  P2  1  >  AP,  L1  >  LMAX  und  L2  >  LMAX  gilt,  wobei  AP  fur  einen  vorgegebenen  Hohendifferenzschwel- 
lenwert  steht,  LMAX  einen  vorgegebenen  hoheren  Leuchtdichteschwellenwert  bezeichnet,  LM!N  einen  vor- 

10  gegebenen  geringeren  Leuchtdichteschwellenwert  bezeichnet; 
und 
eine  Entscheidungseinrichtung  (120),  die  mit  der  zweiten  Berechnungseinrichtung  (119)  gekoppelt  ist, 
zum  Vergleichen  der  von  der  zweiten  Berechnungseinrichtung  (119)  ausgegebenen  Hohendaten  mit  vor- 
gegebenen  Bezugsdaten,  urn  den  Packungszustand  derTeile  (102)  auf  der  gedruckten  Schaltungsplatte 

15  (101)  festzustellen. 

Revendications 

20  1.  Systeme  pour  inspecter  I'etat  du  boftierde  composants  (102)  sous  boftiersurune  carte  (101)  de  circuits 
imprimes,  comprenant  : 

un  moyen  de  transfert  (1  03)  pourdeplacer  ladite  carte  (1  01  )  de  circuits  imprimes  dans  une  direction 
predeterminee  (104); 

un  moyen  formant  source  (105)  de  lumiere  pouremettre  un  faisceau  (106)  de  lumiere; 
25  un  moyen  de  balayage  pour  balayer  optiquement  une  surface  de  ladite  carte  (101)  de  circuits  im- 

primes  avec  le  faisceau  (106)  de  lumiere  emis  par  ledit  moyen  (105)  formant  source  de  lumiere; 
une  paire  de  moyen  optiques  (110,  111)  pour  reflechir,  en  des  positions  symetriques  par  rapport 

au  plan  de  balayage,  la  lumiere  dispersee  par  suite  du  balayage  de  ladite  carte  (101)  de  circuits  imprimes 
execute  par  ledit  moyen  de  balayage  et  pour  concentrer  la  lumiere  ref  lechie; 

30  une  paire  de  moyens  (114,  115)  de  detection  de  position  disposes  chacun  de  maniere  a  reagir  a 
la  lumiere  reflechie  concentree  en  engendrant  des  signaux  photoelectriques  11  et  12  correspondant  a  une 
position  incidente  sur  ces  moyens; 

caracterise  par: 
un  premier  moyen  decalcul  (118)  pour  calculer  des  donnees  de  luminance  L1  et  L2  etdes  donnees 

35  de  hauteur  P1  et  P2  en  se  basant  sur  lesdits  signaux  photoelectriques  11  et  12; 
un  second  moyen  de  calcul  (119)  couple  audit  premier  moyen  de  calcul  (118)  pour  determiner  une 

donnee  de  hauteur  finale,  ledit  second  moyen  de  calcul  (119)  emettant,  en  tant  que  donnee  de  hauteur 
finale  precitee,  une  valeur  moyenne  (P1  +  P2)/2  desdites  donnees  de  hauteur  P1  et  P2  quand  I  P1  -  P2  1 
 ̂ AP,  emettant,  en  tant  que  donnee  de  hauteur  finale  precitee,  ladite  donnee  de  hauteur  P1  ,  quand  I  P1 

40  -P2  1  >  AP,  LMAX  >  L1  >  LM|N  et  L1  >  L2,  emettant,  en  tant  que  donnee  de  hauteur  finale  precitee,  ladite 
donnee  de  hauteur  P2  quand  I  P1  -P2  1  >  AP,  L^^x >L2> Lmin  st  L2  >  L1,  emettant,  en  tant  que  donnee 
de  hauteur  finale  precitee,  une  donnee  zero  quand  I  P1  -P2  1  >  AP,  L1  <  Lmin,  etL2<  Lmin,  emettant,  en 
tant  que  donnee  de  hauteur  finale  precitee,  une  donnee  zero  quand  I  P1  -P2  1  >  A  P,  L1  >  L̂ x̂,  et  L2> 
Lmax.  oil  AP  represents  un  seuil  de  difference  de  hauteur  predetermine,  LMAX  designe  un  seuil  de  lumi- 

45  nance  superieur  predetermine,  LM!N  designe  un  seuil  de  luminance  inferieur  predetermine;  et 
un  moyen  de  decision  (120)  couple  audit  second  moyen  de  calcul  (119)  pour  comparer  la  donnee 

de  hauteur  emise  par  ledit  second  moyen  de  calcul  (119)  avec  une  donnee  de  reference  predeterminee 
pour  juger  de  I'etat  du  boitier  desdits  composants  (102)  presents  sur  ladite  carte  (101)  de  circuits  impri- 
mes. 
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