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Description 

The  present  invention  relates  generally  to  an 
apparatus  for  inspecting  packaged  electronic  de- 
vices.  More  particularly,  the  invention  is  concerned 
with  an  apparatus  for  inspecting  a  substrate  moun- 
ted  or  equipped  with  electric  and/or  electronic  parts 
(hereinafter  referred  to  as  the  packaged  substrate), 
which  apparatus  is  capable  of  automatically  iden- 
tifying  discriminatively  the  types  or  species  of  elec- 
tronic  parts  mounted  on  a  substrate  and  examining 
the  packaged  substrate  as  to  whether  the  parts 
thereof  are  mounted  at  respective  correct  positions 
on  the  substrate. 

As  the  packaged  substrate  inspecting  appara- 
tus  (also  known  as  the  package  inspecting  system) 
for  inspecting  the  packaged  electronic/electric  de- 
vice  equipped  with  electlic  and/or  electronic  parts 
by  means  of  a  mounter  or  the  like  apparatus,  there 
has  been  heretofore  known  such  a  structure  as 
shown  schematically  in  Fig.  1  of  the  accompanying 
drawings. 

As  will  be  seen  in  this  figure,  the  packaged 
substrate  inspecting  apparatus  or  system  is  com- 
posed  of  a  television  camera  (referred  to  simply  as 
TV  camera)  3  for  picking  up  an  image  (also  re- 
ferred  to  as  imaging)  of  a  substrate  2b  on  which 
electronic/electric  parts  are  mounted  or  packaged 
and  which  is  to  be  inspected  and  a  reference 
packaged  substrate  2a  which  serves  as  a  reference 
or  standard  substrate)  for  inspection,  a  memory  4 
unit  in  which  the  image  (reference  image)  of  the 
reference  packaged  substrate  2a  picked  up  by  the 
TV  imaging  camera  3,  a  comparison/decision  cir- 
cuit  5  for  comparing  the  data  of  image  (image  to 
be  examined)  of  the  packaged  substrate  2b  under 
inspection  available  from  the  TV  camera  3  with  the 
reference  image  data  read  out  from  the  memory  4 
for  making  decision  as  to  whether  all  requisite  parts 
1b  are  mounted  on  the  packaged  sutstrate  2b 
under  test  or  whether  any  of  the  mounted  parts  are 
displaced  or  dislocated  from  the  respective  correct 
positions,  and  a  display  unit  6  for  displaying  the 
results  of  the  decision  issued  by  the  compari- 
son/decision  circuit  5. 

The  prior  art  packaged  substrate  inspecting 
apparatus  of  the  type  outlined  above  is  so  de- 
signed  as  to  compare  simply  the  position  of  the 
part  1a  mounted  on  the  standard  or  reference 
packaged  substrate  2a  with  that  of  the  part  1b 
mounted  on  the  printed  substrate  under  inspection, 
wherein  upon  detection  of  positional  incoincidence 
between  these  parts  1a  and  1b,  it  is  determined 
that  the  part  1b  is  not  mounted  correctly.  In  this 
way,  the  decision  of  failure  in  mounting  of  the  part 
is  always  issued  whenever  tha  part  mounted  on  the 
packaged  substrate  2b  under  test  is  dislocated 
from  the  standard  or  correct  position  (the  position 

indicated  by  the  part  1a  on  the  standard  substrate 
2a),  as  is  illustrated  in  Fig.  2  of  the  accompanying 
drawings,  even  if  the  part  1b  on  the  substrate  2b 
under  test  is  so  positioned  that  electrodes  thereof 

5  can  be  electrically  connected  to  the  respective 
mounting  lands  9b,  as  is  shown  in  Fig.  3. 

In  order  to  evade  the  inconvenience  mentioned 
above,  it  is  conceivable  that  a  permissible  range  8 
within  which  the  part  1b  mounted  on  the  substrate 

io  is  allowed  to  be  positionally  deviated  more  or  less 
is  previously  established  on  the  basis  of  the  correct 
or  standard  position  of  the  part  1b,  wherein  so  far 
as  the  part  1b  is  found  to  be  located  within  the 
permissible  range,  it  is  decided  that  the  part  1b  is 

75  mounted  correctly.  In  that  case,  however,  the  per- 
missible  range  8  has  to  be  prepared  for  each  part 
1b  in  dependence  on  the  species  thereof,  because 
the  geometrical  factor  such  as  profile  or  outline  of 
the  permissible  range  8  will  vary  from  one  to 

20  another  part.  By  way  of  example,  the  dimension  as 
well  as  geometry  of  the  permissible  range  8  for  a 
transistor  having  three  electrodes  will  differ  from 
that  for  a  resistor  or  capacitor  having  two  elec- 
trodes.  Consequently,  very  troublesome  and  time 

25  consuming  procedure  will  be  involved  in  preparing 
and  registering  a  great  variety  of  data  concerning 
the  permissible  ranges  8  of  various  sizes  and  pro- 
files  in  the  inspection  system. 

Besides,  experience  shows  that  the  circuit  pat- 
30  tern  printed  on  the  substrate  slightly  differ  from  one 

to  another  even  though  the  same  patterning  mask 
is  employed.  Consequently,  even  when  the  part  1b 
is  correctly  mounted  relative  to  the  land  9  of  the 
substrate  2a,  there  arises  a  possibility  that  decision 

35  of  failure  in  mounting  will  be  issued  when  the 
position  of  the  land  9  on  the  substrate  2a  under 
test  differs  from  that  of  the  corresponding  land  on 
the  standard  substrate  2a,  i.e.  when  the  land  posi- 
tion  9a  and  the  part  position  10a  on  the  standard 

40  substrate  2a  of  which  data  have  been  previously 
loaded  in  the  memory  unit  4  are  deviated  from  the 
land  position  9b  and  the  part  position  10b  obtained 
by  imaging  the  packaged  substrate  2b  under  test 
with  the  TV  camera  3,  as  illustrated  in  Fig.  3, 

45  notwithstanding  of  the  fact  that  the  part  position 
10b  actually  lies  in  a  correct  positional  relationship 
with  the  land  position  9b,  giving  rise  to  another 
problem. 

From  VISION  '85  CONFERENCE  PROCEED- 
50  INGS,  SOCIETY  OF  MANUFACTURING  ENGI- 

NEERS,  Detroit,  Michigan,  US,  M.G.  BUFFA,  pages 
5-180  to  5-189  a  packaged  substrate  inspecting 
apparatus  is  known  in  which,  after  initialisation  us- 
ing  fiducial  marks  on  a  printed  circuit  board,  in- 

55  dividual  circuit  pads  throughout  the  board  are  lo- 
cated  and  compared  with  their  theoretical  positional 
coordinates  in  the  component  pick  and  place 
mechanism,  so  as  to  provide  an  offset  for  the  pick 
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and  place  controller. 
JOURNAL  OF  THE  OPTICAL  SOCIETY  OF 

AMERICA,  section  A,  vol.  3,  no.  9,  pages  1465  - 
1482  discusses  optical  verification  of  the  placement 
of  surface  mounted  components  using  grey  scale 
templates  which  determine  the  relative  position  of 
the  component  inside  a  window  mask. 

In  view  of  the  difficulties  of  the  prior  art  pack- 
age  inspection  system  described  above,  it  is  there- 
fore  a  first  object  of  the  present  invention  to  pro- 
vide  a  packaged  substrate  inspecting  apparatus 
which  is  capable  of  automatically  setting  or  estab- 
lishing  the  permissible  ranges  of  positional  de- 
viation  or  dislocation  for  the  individual  elec- 
tric/electronic  parts  and  which  is  so  arranged  as  to 
decide  that  a  part  is  mounted  satisfactorily  so  far 
as  that  part  is  located  within  the  permissible  range 
on  the  associated  land  even  when  the  land  position 
differs  from  one  to  another  packaged  substrate  to 
be  inspected,  to  thereby  exclude  the  erroneous 
decision  ascribable  to  manufacturing  tolerance  of 
the  substrate,  and  which  apparatus  is  additionally 
so  implemented  as  to  be  capable  of  recognizing 
geometrical  configuration  of  those  portions  of  the 
substrate  under  inspection  which  are  hidden  by  the 
parts  formed  or  mounted  thereon. 

It  is  a  second  object  of  the  present  invention  to 
provide  a  packaged  substrate  inspecting  apparatus 
which  is  capable  of  automatically  detecting  selec- 
tively  and  extractively  the  land  formed  on  the  sub- 
strate  to  thereby  inhibit  erroneous  or  falsified  de- 
cision  attributable  to  manufacturing  tolerance  of  the 
substrate  and  additionally  capable  of  recognizing 
the  geometrical  configuration  of  those  portions  of 
the  substrate  under  test  which  are  hidden  by  the 
parts  mounted  thereon. 

A  third  object  of  the  present  invention  is  to 
provide  a  packaged  substrate  inspecting  apparatus 
which  can  automatically  identify  the  types  or  spe- 
cies  of  the  parts  discriminatively  to  thereby  estab- 
lish  automatically  the  permissible  range  or  margin 
of  positional  deviations  which  are  appropriate  or 
proper  to  the  individual  parts,  respectively. 

For  accomplishing  the  above  and  other  objects 
which  will  be  more  apparent  as  description  pro- 
ceeds,  there  is  provided  a  packaged  substrate  in- 
specting  apparatus  as  defined  in  claim  1  and  a 
packaged  substrate  inspecting  apparatus  as  de- 
fined  in  claim  2. 

With  the  aforementioned  arrangements  of  the 
inspection  system  according  to  the  invention,  the 
range  of  the  permissible  positional  deviation  can  be 
automatically  and  optimaily  established  appropri- 
ately  to  individual  parts  mounted  on  a  substrate. 
Even  in  the  case  the  land  on  the  packaged  sub- 
strate  under  inspection  differs  from  one  to  another 
substrate,  decision  of  satisfactory  mounted  state  of 
a  part  can  be  made  so  far  as  the  part  of  concern  is 

mounted  within  the  permissible  range  on  the  land, 
whereby  falsified  or  erroneous  decision  which 
might  otherwise  be  brought  about  due  to  manufac- 
turing  tolerance  of  the  substrate  can  be  positively 

5  prevented,  Besides,  the  shapes  of  those  portions  of 
the  substrate  under  inspection  which  are  hidden  by 
parts  formed  or  mounted  thereon  can  he  detected 
for  recognition. 

Additionally,  the  species  or  types  of  the  individ- 
io  ual  parts  mounted  on  the  substrate  can  he  discrimi- 

natively  identified  in  an  automated  manner,  where- 
by  the  permissible  positional  deviation  margin  opti- 
mally  appropriate  to  the  parts  can  be  established. 

Further,  since  the  lands  formed  on  the  sub- 
15  strate  can  be  automatically  extracted,  erroneous 

decision  due  to  manufacturing  tolerance  of  the  sub- 
strate  can  he  inhibited.  In  addition,  the  shapes  or 
profiles  and  other  parameters  of  those  portions  of 
the  substrate  under  inspection  are  hidden  by  the 

20  parts  mounted  thereon  can  be  detected. 
The  above  and  other  objects,  novel  features 

and  advantages  of  the  present  invention  can  be 
fully  understood  upon  consideration  of  the  following 
detail  descrption  of  the  illustrative  embodiments 

25  presented  only  by  way  of  example  and  taken  in 
conjunction  with  the  accompanying  drawings,  in 
which: 

Fig.  1  is  a  view  showing  schematically  in  a  block 
diagram  an  exemplary  arrangement  of  a  hitherto 

30  known  packaged  substrate  inspecting  apparatus; 
Fig.  2  is  a  schematic  diagram  for  illustrating 
positional  deviation  or  dislocation  of  parts  moun- 
ted  on  a  substrate  as  detected  by  the  prior  art 
package  inspecting  apparatus; 

35  Fig.  3  is  a  schematic  diagram  for  illustrating  a 
positional  relationship  between  parts  to  be 
mounted  on  a  substrate  and  mounting  lands 
formed  thereon; 
Fig.  4  is  a  view  showing  in  a  block  diagram  a 

40  general  arrangement  of  a  packaged  electronic 
device  or  packaged  substrate  inspecting  appara- 
tus  according  to  an  exemplary  embodiment  of 
the  invention; 
Fig.  5  is  a  view  illustrating  in  a  flow  chart  a 

45  teaching  routine  for  teaching  a  procedure  for 
determining  mounted  states  of  parts  on  a  sub- 
strate  in  the  packaged  substrate  inspecting  ap- 
paratus  shown  in  Fig.  4; 
Fig.  6  is  a  view  illustrating  in  a  flow  chart  a 

50  procedure  executed  for  inspecting  the  mounted 
state  of  parts  on  a  substrate  by  the  pachaged 
substrate  inspecting  apparatus  shown  in  Fig.  4; 
Fig.  7  is  a  view  showing  schematically  an  exam- 
ple  of  positions  and  geometrical  configurations 

55  displayed  on  a  display  unit  incorported  in  the 
packaged  substrate  inspecting  apparatus  shown 
in  Fig.  4; 

3 
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Fig.  8  is  a  schematic  view  for  illustrating  extrac- 
tion  of  mounting  lands  for  a  transistor  or  the  like 
part; 
Fig.  9  is  a  schematic  view  for  illustrating  extrac- 
tion  of  mounting  lands  for  a  resistor,  a  capacitor  5 
or  the  like  part; 
Fig.  10A  is  a  schematic  view  showing  an  en- 
larged  land  extracting  region  for  a  transistor  or 
the  like  part; 
Fig.  10B  is  a  schematic  view  showing  a  en-  10 
larged  land  extracting  region  for  a  resistor,  a 
capacitor  or  the  like  part; 
Fig.  11A  is  a  schematic  view  showing  an  en- 
larged  land  inspecting  region  for  a  transistor  or 
the  like  part;  is 
Fig.  1  1  B  is  a  schematic  view  showing  an  en- 
larged  land  inspecting  region  for  a  resistor,  a 
capacitor  or  the  like  part; 
Fig.  12A  is  a  schematic  view  showing  a  part 
body  inspecting  region  for  a  transistor  or  the  like  20 
part; 
Fig.  12B  is  a  schematic  view  showing  a  part 
body  inspecting  region  for  a  resistor,  a  capacitor 
or  the  like  part; 
Fig.  13A  is  a  schematic  view  for  illustrating  a  25 
decision  process  made  on  the  positional  rela- 
tionship  between  a  transistor  or  the  like  part 
mounted  on  a  substrate  and  mounting  lands 
therefor; 
Fig.  13B  is  a  schematic  view  for  illustrating  a  30 
decision  process  made  on  the  positional  rela- 
tionship  between  a  resistor  or  the  like  part 
mounted  on  a  substrate  and  the  mounting  lands 
therefor; 
Fig.  14A,  14B  and  14C  are  schematic  views  for  35 
illustrating,  by  way  of  example,  possible  posi- 
tional  relationships  resulting  from  the  decision 
made  for  the  case  shown  in  Fig.  13A; 
Figs.  15A,  15B,  15C  and  15D  are  schematic 
views  for  illustrating  examples  of  the  positional  40 
relationship  which  may  result  from  the  decision 
made  for  the  case  shown  in  Fig.  13B; 
Fig.  16  is  a  view  illustrating  in  a  flow  chart  a 
routine  for  teaching  a  procedure  to  discrimina- 
tively  identify  the  types  or  species  of  parts;  45 
Fig.  17  is  a  view  illustrating  in  a  flow  chart  an 
inspecting  procedure  for  identifying  discrimina- 
tively  parts; 
Fig.  18  is  a  view  showing,  by  way  of  eexample, 
a  plausible  land  existing  range  which  is  made  so 
use  of  in  the  part  identifying  procedure  shown  in 
Fig.  17; 
Fig.  19A  is  a  view  showing  an  image  pattern 
which  allows  a  part  of  concern  mounted  on  a 
sutstrate  to  be  identified  as  a  transistor;  55 
Fig.  19B  is  a  view  for  illustrating  the  mounted 
position  correcting  operation  for  the  transistor 
shown  in  Fig.  19A; 

Fig.  20A  is  a  view  showing  an  image  pattern 
which  allows  the  part  of  concern  mounted  on  the 
substrate  to  be  identified  as  a  resistor  or  a 
capacitor; 
Fig.  20B  is  a  view  for  illustrating  the  mounted 
position  correcting  operation  for  the  part  show- 
ing  in  Fig.  20A; 
Fig.  21  is  a  view  for  illustrating  in  a  flow  chart  a 
routine  for  teaching  a  pixel  (picture  element) 
processing  procedure  for  identifying  copper  lay- 
er  or  foil  deposited  on  a  substrate  by  the  pack- 
aged  substrate  inspecting  apparatus  shown  in 
Fig.  4; 
Fig.  22  is  a  view  for  illustrating  a  land  extracting 
routine  in  the  pixel  processing  procedure  for 
identifying  the  copper  foil  or  layer  on  the  sub- 
strate;  and 
Fig.  23  is  a  view  for  illustrating  an  inspection 
routine  in  the  pixel  identification  procedure  for 
the  copper  layer  on  the  substrate. 

Now,  the  present  invention  will  be  described  in 
detail  in  conjunction  with  the  preferred  embodi- 
ments  illustrated  in  the  drawings. 

Fig.  4  is  a  view  showing  in  a  block  diagram  a 
general  arrangement  of  a  packaged  substrate  in- 
specting  apparatus  or  system  according  to  an  ex- 
emplary  embodiment  of  the  invention. 

Referring  to  the  figure,  the  packaged  substrate 
inspecting  apparatus  includes  a  X-Y  table  or  stage 
unit  20,  an  illuminating  unit  21,  an  image  pick-up 
device  22,  and  a  processing  unit  generally  denoted 
by  a  numeral  23.  The  principle  underlying  the 
instant  embodiment  resides  in  that  a  plausible  land 
existing  region  or  range  is  arithmetically  deter- 
mined  on  the  basis  of  the  data  concerning  a  land 
28b  derived  from  processing  of  the  picked-up  im- 
age  of  a  non-packaged  substrate  25,  wherein  the 
plausible  land  existing  region  or  range  which  may 
also  be  referred  to  as  the  permissible  land  region 
or  range  is  of  a  greater  area  than  the  land  28b. 
With  the  aid  of  data  of  the  permissible  land  region 
or  plausible  land  existing  range,  an  image  portion 
covering  a  land  28c  actually  existing  on  the  pack- 
aged  substrate  26  under  inspection  is  cut  out, 
being  followed  by  extraction  of  the  land  28c  from 
the  cut-out  image  portion  mentioned  above. 
Through  comparison  of  the  lands  28b  with  28c  in 
respect  to  the  geometrical  configuration,  the  portion 
of  the  land  28c  on  the  packaged  substrate  under 
inspection  which  is  hidden  by  a  part  27c  mounted 
thereon  can  be  determined.  On  the  basis  of  the 
information  of  the  hidden  portion,  the  positional 
relationship  between  the  land  and  the  part  27c  is 
determined  to  thereby  decide  whether  the  part  27c 
is  mounted  correctly  or  not. 

The  illuminating  unit  21  includes  a  ring-like 
white  light  source  19  which  is  turned  on  and  off  (or 
intensity-controlled)  by  a  control  signal  supplied 
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from  the  aforementioned  processing  unit  23.  More 
specifically,  when  an  illumination  activating  signal 
is  supplied  from  the  processing  unit  23,  the  latter  is 
lit  to  illuminate  continuously  the  top  surface  of  the 
X-Y  table  20  until  an  illumination  deactivating  signal 
is  supplied  from  the  processing  unit  23. 

The  X-Y  table  (stage)  assembly  20  includes 
pulse  motors  31a  and  31b  operated  in  response  to 
control  signals  supplied  from  the  processing  unit 
23,  a  X-Y  table  adapted  to  be  driven  in  the  X-  and 
Y-  directions  by  the  pulse  motors  31a  and  31b, 
respectively,  and  a  chuck  mechanism  33  provided 
in  combination  with  the  X-Y  table  32  for  securing 
fixedly  the  substrates  24,  25  and  26  on  the  table  32 
in  response  to  a  control  signal  which  is  produced 
by  the  processing  unit  23  when  the  substrates  24, 
25  and/or  26  is  positioned  on  the  X-Y  table  32. 
Images  of  the  substrates  24,  25  and  26  secured  by 
the  chuck  mechanism  33  are  picked  up  by  the 
image  pick-up  device  22  under  illumination  by  the 
illuminating  unit  21  . 

The  image  pick-up  device  or  imaging  device 
22  is  equipped  with  a  color  TV  (television)  camera 
34  disposed  above  the  illumination  unit  21,  where- 
by  the  optical  images  of  the  substrates  24,  25  and 
26  are  converted  into  electric  image  signals  (i.e. 
video  signals)  containing  color  or  chrominance 
components  R  (red),  G  (green)  and  B  (blue),  the 
video  signals  thus  produced  are  supplied  to  the 
processing  unit  23. 

The  processing  unit  23  includes  an  analogue- 
to-digital  (A/D)  converter  36,  a  memory  37,  a  teach- 
ing  table  storage  38,  an  image  processor  unit  39, 
an  X-Y  table  or  stage  controller  41,  an  imaging 
controller  42,  a  CRT  (cathode  ray  tube)  display  43, 
a  printer  44,  a  keyboard  45,  and  a  central  process- 
ing  unit  (hereinafter  referred  to  as  CPU)  49. 

In  the  teaching  mode,  the  color  or  chrominance 
signal  components  R,  G  and  B  supplied  from  the 
image  pick-up  device  22  and  reflecting  the  colors 
of  the  substrates  24  and  25  are  processed  to 
create  an  inspection  data  file  to  be  referenced 
upon  inspection  of  a  packaged  substrate  26  under 
test.  At  the  time  of  inspection  or  examination  of  the 
packaged  substrate  26,  the  chrominance  compo- 
nent  signals  R,  G  and  B  supplied  from  the  image 
pick-up  device  22  for  picking  up  the  image  of  the 
packaged  substrate  26  under  inspection  are  pro- 
cessed  by  reference  to  the  aforementioned  inspec- 
tion  file,  wherein  the  result  of  the  processing  is 
utilized  in  deciding  whether  the  relative  position 
between  the  part  27c  and  the  land  28c  formed  on 
the  packaged  substrate  under  test  lies  within  a 
permissible  range  or  not.  The  result  of  the  decision 
is  indicated  on  the  CRT  display  43. 

The  A/D  converter  36  is  supplied  with  image  or 
video  signal  (chrominance  signal  components  R,  G 
and  B)  from  the  aforementioned  imaging  device  22 

for  creating  color  image  data  through  analogue-to- 
digital  conversion,  the  resultant  image  data  being 
then  supplied  to  the  CPU  46. 

The  memory  unit  37  includes  a  random  access 
5  memory  or  RAM  or  the  like  which  serves  as  the 

work  area  for  the  CPU  46. 
The  image  processor  39  is  supplied  with  the 

image  data  by  way  of  the  CPU  46  for  digitizing  the 
data  and  is  so  arranged  as  to  extract  the  position 

io  and  shape  (profile)  data  of  electric/electronic  parts, 
cut  out  relevant  image  portions  from  the  image 
data,  perform  chrominance-to-brightness  (luminos- 
ity)  conversion,  transform  the  result  of  the  chromin- 
ance/brightness  conversion  into  a  binary  signal  with 

is  reference  to  a  preset  threshold  value  for  extracting 
the  data  of  position,  geometrical  configuration 
(shape)  or  other  factors  of  the  land  pattern.  All  the 
data  generated  by  the  image  processor  39  are 
supplied  to  the  CPU  46. 

20  The  teaching  table  storage  38  includes  a  flop- 
py  disc  device  for  storing  therein  data  file  for 
inspection  or  other  purposes  supplied  from  the 
CPU  46.  When  a  transfer  request  is  issued  from 
the  CPU  46,  the  inspection  data  file  is  read  out  to 

25  be  subsequently  transferred  to  the  CPU  46. 
The  imaging  controller  42  is  provided  with  an 

interface  for  connection  to  the  CPU  46,  illuminating 
unit  21  and  the  image  pick-up  device  22  for  con- 
trolling  the  illuminating  unit  21  and  the  image  pick- 

30  up  device  22  in  accordance  with  the  command 
signals  issued  by  the  CPU  46. 

The  X-Y  stage  controller  41  includes  an  inter- 
face  for  connection  to  the  CPU  46  as  well  as  to  the 
X-Y  table  assembly  20  for  controlling  the  latter  in 

35  accordance  with  the  command  signal  outputted 
from  the  CPU  46. 

The  CRT  display  unit  43  includes  a  cathode 
ray  tube  (CRT)  for  display  on  the  screen  thereof 
the  image  data  and  the  results  of  decisions  made 

40  by  the  CPU  46  as  well  as  data  inputted  through  a 
keyboard  45. 

The  printer  44  is  adapted  to  print  out  the 
results  of  decision  supplied  from  the  CPU  46  in  a 
predetermined  format. 

45  The  keyboard  45  includes  a  variety  of  keys 
required  for  inputting  the  data  or  information  re- 
quired  for  operation  of  the  system,  the  names  and 
sizes  of  packaged  electronic/electric  devices  or 
substrates  26  to  be  inspected  as  well  as  data 

50  concerning  the  parts  27c  mounted  on  the  substrate 
26.  The  data  and  information  entered  through  the 
keyboard  45  are  supplied  to  the  CPU  46. 

The  CPU  or  central  processing  unit  46  is  con- 
stituted  by  a  microprocessor  and  other  associated 

55  circuits  and  adapted  to  perform  operations  de- 
scribed  below. 

When  a  new  packaged  substrate  26  is  to  be 
inspected,  the  CPU  46  commands  the  CRT  display 

5 
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unit  43  to  display  a  message  requesting  for  the 
entry  of  data  concerning  the  identification  name 
(e.g.  identification  number)  of  the  substrate  to  be 
inspected  and  the  size  thereof,  as  illustrated  in  a 
teaching  flow  chart  of  Fig.  5  at  a  step  ST1  . 

When  the  substate  identification  and  size  data 
as  prompted  on  the  CRT  display  43  are  entered 
through  the  keyboard  45,  the  CPU  46  waits  for 
disposition  of  a  template  substrate  designed  for 
use  in  executing  the  teaching  procedure  on  the  X-Y 
table  or  stage  32  at  a  step  ST2.  In  this  connection, 
it  should  be  mentioned  that  the  template  substrate 
is  colored  in  white  at  regions  where  elec- 
tric/electronic  parts  are  to  be  mounted  with  the 
remaining  area  being  painted  in  black.  When  the 
template  substrate  24  has  been  disposed  on  the  X- 
Y  table  assembly  20,  the  CPU  46  causes  the  table 
assembly  20  to  be  moved  through  the  X-Y  stage 
controller  41  so  that  a  first  area  of  the  template 
substrate  24  whose  image  is  to  be  picked  up  is 
positioned  below  the  color  TV  camera  34. 

The  image  information  produced  by  the  color 
TV  camera  34  undergoes  A/D  conversion  through 
the  A/D  converter  36  under  the  control  of  the  CPU 
46.  The  results  of  the  A/D  conversion  (i.e.  the 
digitized  image  data  of  the  substrate  24)  is  stored 
in  the  memory  37  on  the  real  time  basis. 

Subsequently,  the  CPU  46  reads  out  succes- 
sively  the  image  data  of  R-pixels  (or  alternatively, 
G-  or  B-pixels)  from  the  memory  37.  The  image 
data  as  read  out  are  then  converted  into  binary 
signals  through  the  image  processor  39,  from 
which  the  data  concerning  the  white  regions  on  the 
substrate  24  (the  part  portion  27a)  is  extracted. 
Subsequently,  positional  data  as  well  as  shape 
(profile)  data  of  the  parts  27a  obtained  through  the 
extracting  operation  are  loaded  in  the  teaching  ta- 
ble  38. 

At  a  step  ST3,  the  CPU  46  creates  a  layout 
image  29  of  the  parts  on  the  basis  of  the  position 
data  and  the  shape  or  profile  data  of  the  parts  27a, 
the  layout  image  being  then  displayed  on  the  CRI 
display  unit  43,  as  is  shown  in  Fig.  7.  For  a  specific 
part,  the  CPU  46  can  produce  a  message  promp- 
ting  the  operator  to  input  manually  the  relevant 
data  through  the  keyboard  45. 

When  the  position  data  and  the  profile  or 
shape  data  are  entered  by  the  operator  for  the 
specific  parts,  the  associated  position  data  and 
shape  data  stored  in  the  teaching  table  38  is  modi- 
fied  correspondingly. 

Subsequently,  at  a  step  ST4,  the  CPU  46  gen- 
erates  a  message  on  the  CRT  display  43  promp- 
ting  the  operator  to  enter  information  concerning 
the  type  or  species  of  the  individual  parts  27a  as 
well  as  orientations  in  which  the  parts  27a  are  to  be 
mounted  on  the  substrate.  When  the  information  as 
requested  is  loaded  by  the  operator,  the  regions  in 

which  the  mounting  lands  are  positioned  (referred 
to  as  the  land  extracting  regions)  are  determined 
on  the  basis  of  the  data  concerning  the  shape, 
species  and  the  orientation  of  the  individual  parts. 

5  In  this  connection,  it  is  assumed  that  the  part 
27a  is  a  triplet-electrode  part  such  as  a  transistor. 
In  that  case,  the  land  extracting  regions  48a  which 
cover  electrodes  47a  of  the  part  47,  respectively, 
and  which  extend  outwardly  therefrom  is  deter- 

io  mined,  as  is  illustrated  in  Fig.  8.  On  the  other  hand, 
in  case  the  part  27a  is  a  double-electrode  part  such 
as  a  resistor,  a  capacitor  or  the  like,  such  land 
extracting  regions  48a  are  prepared  which  cover 
the  electrodes  47a  formed  at  both  ends  of  the  part, 

is  respectively,  and  extend  outwardly  thereof,  as  is 
illustrated  in  Fig.  9. 

Subsequently,  the  land  extracting  regions  48a 
are  enlarged,  respectively,  to  create  enlarged  ex- 
tracting  regions  49a,  as  illustrated  in  Figs.  10A  and 

20  10B  for  both  of  the  assumed  cases  mentioned 
above.  The  data  of  the  enlarged  land  extracting 
regions  are  then  stored  in  the  teaching  table  stor- 
age  38. 

Thereafter,  the  abovementioned  processing  is 
25  executed  for  other  parts  to  be  mounted  in  the  first 

picked-up  area  (i.e.  n  =  1  at  the  step  ST2). 
When  the  processing  for  preparing  the  land 

extracting  regions  49a  for  all  the  parts  27a  to  be 
disposed  within  the  first  area  has  been  completed, 

30  the  routine  returns  to  the  step  ST2  by  way  of  a 
step  ST5,  being  followed  by  repeated  execution  of 
the  abovementioned  processing  for  all  of  the  re- 
maining  picked-up  areas.  When  the  requisite  data 
of  the  land  extracting  regions  49  for  all  the  parts  27 

35  belonging  to  every  picked-up  area  have  been  ob- 
tained,  the  teaching  routine  makes  a  jump  to  a  step 
ST6  from  the  step  ST5. 

At  the  step  ST6,  the  CPU  46  waits  for  the 
positioning  of  a  non-packaged  substrate  25  on  the 

40  X-Y  table  or  stage  20  after  the  template  sutstrate 
for  the  teaching  purpose  is  removed. 

When  the  non-packaged  substrate  25  is  posi- 
tioned  on  the  X-Y  table  20,  then  the  step  ST7  is 
executed,  At  this  step,  the  CPU  46  causes  the  X-Y 

45  table  assembly  20  to  be  moved  through  through 
the  X-Y  stage  controller  41  so  that  a  first  area  of 
the  non-packaged  substrate  25  whose  image  is  to 
be  picked  is  positioned  beneath  the  color  TV  cam- 
era  34. 

50  Subsequently,  the  image  signal  generated  by 
the  color  TV  camera  34  is  subjected  to  A/D  conver- 
sion  under  the  control  of  the  CPU  46,  the  result  of 
which  (i.e.  image  data  of  the  non-packaged  sub- 
strate  25)  are  stored  in  the  memory  37  on  the  real 

55  time  basis. 
Next,  the  CPU  46  reads  out  the  data  of  the 

enlarged  land  extracting  regions  49a  from  the 
teaching  table  38  and  supplies  the  data  to  the 

6 
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image  processor  unit  39  which  is  also  supplied  with 
the  image  data  of  the  non-packaged  substrate  25 
read  out  from  the  memory  37.  In  the  image  proces- 
sor  unit  39,  an  image  (referred  to  as  intra-land 
image)  is  cut  out  from  the  data  of  each  land 
extracting  region  49a. 

Subsequently,  the  CPU  46  issues  a  chromin- 
ance-to-brightness  conversion  command  to  the  im- 
age  processor  unit  39  which  responds  thereto  by 
performing  the  chrominance/brightness  conversion 
on  pixels  constituting  parts  of  the  intra-land  image 
in  accordance  with  chrominance/brightness  conver- 
sion  equations,  exemplified  by  the  following: 

BRT(i,j)  =  R(i,j)  +  G(i,j)  +  B(i,j)  (1) 

Rc  (i,  j)  =  a»  R  (i,  j)/BRT  (i,  j)  (2) 

Gc  (i,  j)  =«•  G  (i,  j)/BRT  (i,  j)  (3) 

Be  (i,  j)  =«•  B  (i,  j)/BRT  (i,  j)  (4) 

where 
R  (i,  j)  represents  the  intensity  of  R-signal 

component  of  the  pixel  (i,  j)  located 
at  an  intersection  of  the  i-th  row 
and  the  j-th  column, 

G  (i,  j)  represents  the  intensity  of  C-signal 
component  of  the  pixel  (i,  j)  located 
at  an  intersection  of  the  i-th  row 
and  the  j-th  column, 

B  (i,  j)  represents  the  intensity  of  B  signal 
component  of  the  pixel  (i,  j)  located 
at  an  intersection  of  the  i-th  row 
and  the  j-th  column, 

BRT  (i,  j)  represents  the  brightness  of  the 
pixel  (i,  j), 

a  represents  a  coefficient, 
Rc  (i,  j)  represents  red  chrominance  com- 

ponent  of  the  pixel  (i,  j), 
Gc  (i,  j)  represents  green  chrominance 

component  of  the  pixel  (i,  j), 
Be  (i,  j)  represents  blue  chrominance  com- 

ponent  of  the  pixel  (i,  j). 
Upon  completion  of  the  abovementioned 

chrominance-to-brightness  conversion  for  all  the 
pixels  within  the  land  extracting  region  49a,  the 
CPU  46  checks  whether  the  red  chrominance  sig- 
nals  Rc  (i,  j)  of  all  the  pixels  (i,  j)  within  the  land 
extracting  region  49a  exceed  a  land  extracting  ref- 
erence  value  C  (  e.g.  C  =  OA'  a)  which  has  been 
previously  loaded,  for  thereby  extracting  the  land 
28b  located  within  the  land  extracting  region  49a. 

Subsequently,  the  position  data  as  well  as 
shape  or  profile  data  of  the  land  28b  is  stored  in 
the  teaching  table  38  under  the  command  of  the 
CPU  46.  At  the  same  time,  the  CPU  46  arithmet- 
ically  determines  the  inter-land  distance  among  the 

lands  destined  for  mounting  the  individual  parts 
27a,  respectively,  the  results  of  which  are  also 
stored  in  the  teaching  table  38  in  the  form  of  the 
distance  data. 

5  It  should  be  mentioned  that  the  distance  data 
are  utilized  for  indicating  the  permissible  tolerances 
involved  in  mounting  the  parts  to  a  mounter  (a  part 
mounting  mechanism)  or  for  evaluating  the  land 
pattern. 

io  Next,  the  CPU  46  expands  or  enlarges  the 
shape  (profile)  data  of  the  land  28b,  as  is  illustrated 
in  Figs.  11A  and  11B,  to  arithmetically  determine 
the  land  inspecting  region  50b,  the  resulting  data  of 
the  land  inspecting  region  being  stored  in  the 

is  teaching  table  38. 
Thereafter,  at  a  step  ST8,  the  CPU  46  arithmet- 

ically  determines  a  part  body  inspecting  region  51b 
for  cutting  out  the  image  of  a  center  portion  of 
each  part  27a  on  the  basis  of  the  data  concerning 

20  the  position  and  shape  (profile)  of  the  land,  as 
illustrated  in  Figs.  12A  and  12B,  the  results  being 
also  stored  in  the  teaching  table  38.  At  this  stage,  a 
message  requesting  the  feature  data  (eg.  color 
data)  of  the  body  of  each  part  27a  is  displayed  on 

25  the  CRT  display  unit.  In  response,  operator  enters 
all  the  feature  data  for  all  the  parts  27a  manually 
through  the  keyboard  45,  which  are  then  stored  in 
the  teaching  table  38. 

The  abovementioned  processing  is  repeatedly 
30  executed  for  all  the  remaining  parts  27a  within  the 

first  picked-up  area. 
Upon  completed  execution  of  the  routine  in- 

cluding  the  land  extraction  processing  to  the  fea- 
ture  data  load  processing  for  all  the  parts  27a 

35  within  the  first  picked-up  area,  the  CPU  46  returns 
to  the  step  ST6  by  way  of  the  step  ST9,  where- 
upon  the  processing  described  above  is  repeatedly 
performed  for  all  the  remaining  areas  picked-up  by 
the  imaging  device  3. 

40  When  the  aforementioned  processing  comes  to 
an  end  after  having  been  performed  for  all  the 
parts  located  in  all  the  picked-up  image  areas,  the 
program  executed  by  the  CPU  46  goes  to  a  step 
ST10  from  the  step  ST9. 

45  At  the  step  ST10,  the  CPU  46  rearranges  the 
data  stored  in  the  teaching  table  38  to  prepare  an 
inspection  data  file  which  is  again  stored  in  the 
teaching  table  38,  whereupon  the  teaching  opera- 
tion  comes  to  an  end. 

50  When  an  inspection  mode  is  activated  at  the 
end  of  the  teaching  operation,  the  CPU  14  gen- 
erates  a  message  on  the  screen  of  the  CRT  dis- 
play  unit  43,  the  message  requesting  the  loading  of 
identification  name  of  a  packaged  substrate  26  to 

55  be  inspected  at  a  step  ST11  shown  in  the  inspec- 
tion  flow  chart  illustrated  in  Fig.  6. 

After  the  identification  name  of  the  substrate 
has  been  entered  by  operator  through  the  key- 
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board  45,  the  CPU  46  waits  for  disposition  of  a 
corresponding  packaged  substrate  26  to  be  in- 
spected  on  the  X-Y  table  32  at  a  step  ST12.  When 
the  substrate  26  to  be  inspected  is  disposed,  the 
CPU  46  causes  the  X-Y  table  to  be  moved  through 
the  X-Y  stage  controller  41  to  the  position  where 
the  first  area  to  be  imaged  of  the  packaged  sub- 
strate  26  for  inspection  is  located  below  the  color 
TV  camera  34. 

The  image  signal  produced  by  the  color  TV 
camera  34  is  converted  into  a  digital  signal  through 
the  A/D  converter  36  under  the  control  of  the  CPU 
46,  the  result  of  the  A/D  conversion  (i.e.  image  data 
of  the  packaged  substrate  26  under  test)  are  stored 
in  the  memory  37  on  the  real  time  basis. 

Subsequently,  the  CPU  46  reads  out  the  data 
of  a  part  body  inspection  region  51b  from  the 
teaching  table  38  and  supplies  them  to  the  image 
processor  unit  39  which  is  also  supplied  with  the 
image  data  of  the  packaged  substrate  26  from  the 
memory  37.  In  the  image  processor  unit  39,  the 
image  of  the  region  51b  to  be  inspected  is  cut  out 
from  the  image  data. 

Next,  the  CPU  46  issues  a  feature  extracting 
command  to  the  image  processor  unit  39  which 
responds  thereto  by  extracting  the  feature  data  of 
the  image  of  the  cut-out  inspection  region  51b 
(which  can  be  accomplished,  for  example,  through 
chrominance/brightness  conversion  of  pixels  of  the 
image). 

Thereafter,  the  CPU  46  makes  decision  at  a 
step  ST13  as  to  whether  the  feature  data  of  the 
image  within  the  aforementioned  inspection  region 
51  b  coincides  with  the  feature  data  of  the  parts  27a 
stored  in  the  teaching  table  38.  If  coincidence  is 
found,  the  inspection  routine  makes  a  jump  from 
the  step  ST13  to  a  step  ST14  where  the  land 
inspection  region  50b  is  read  out  from  the  teaching 
table  38  and  transferred  to  the  image  processor 
unit  39  which  is  also  supplied  with  the  image  data 
of  the  packaged  substrate  26  under  inspection  from 
the  memory  37,  whereupon  the  image  of  the  land 
inspection  region  50b  is  cut  out  from  that  image 
data. 

At  this  stage,  the  CPU  46  issues  a  command 
for  chrominance/brightness  conversion  to  the  im- 
age  processor  unit  39,  whereby  the  individual  pix- 
els  (picture  elements)  constituting  the  aforemen- 
tioned  land  inspection  region  50b  undergo  the 
chrominance-to-brightness  conversion. 

Upon  completion  of  the  chromin- 
ance/brightness  conversion  mentioned  above  for  all 
the  pixels  within  the  land  inspection  region  50b,  the 
CPU  46  checks  whether  the  red  chrominance  sig- 
nal  Rc  (i,  j)  for  each  pixel  within  the  land  inspection 
region  50b  exceeds  a  preset  land  extraction  refer- 
ence  value  C  (e.g.  C  may  be  selected  equal  to 
OA'  a),  to  thereby  extract  the  land  28c  located 

within  the  land  inspection  region  50b  at  a  step 
ST15. 

Subsequently,  the  CPU  46  checks  whether  the 
brightness  BRT  (i,  j)  of  each  pixel  within  the  land 

5  inspection  region  50b  exceeds  a  preset  reference 
value  D  for  extraction  of  electrodes,  to  thereby 
extracts  the  electrodes  47c  from  the  land  inspec- 
tion  region  50b. 

At  a  step  ST16,  the  CPU  46  makes  comparison 
io  of  the  land  28c  with  that  of  the  non-packaged 

substrate  25  stored  in  the  teaching  table  38  with 
respect  to  the  shape  (profile)  by  referring  to  the 
position  and  shape  of  the  electrode  47c  located 
within  the  land  inspection  region,  to  arithmetically 

is  determine  (estimate)  the  portion  of  the  land  28 
which  is  hidden  by  the  part  27c. 

At  a  step  ST17,  the  CPU  46  utilizes  the  results 
of  the  arithmetic  determination  to  determine  the 
coverage  area  data  (the  data  of  area  of  the  land 

20  28c  covered  by  the  part  27c),  the  width  data  and 
the  length  data  which  indicate  the  positional  rela- 
tionship  between  the  land  28c  and  the  part  27c,  as 
shown  in  Figs.  13A  and  13B.  Additionally,  it  is 
checked  if  the  values  of  these  data  are  appropriate. 

25  When  the  determined  data  values  are  found 
proper,  the  inspection  routine  branches  from  the 
step  ST17  to  a  step  ST18  where  it  is  determined 
that  the  part  27c  is  mounted  in  a  satisfactory  man- 
ner,  which  fact  is  indicated  on  the  CRT  display  unit 

30  43  and/or  printed  out  by  the  printer  44. 
On  the  other  hand,  when  it  is  found  at  the 

steps  ST13  and  ST17  that  the  feature  data  of  the 
image  located  within  the  inspection  region  51b  do 
not  coincide  with  the  feature  data  of  the  parts  27a 

35  stored  in  the  teaching  table  38,  decision  is  made 
that  the  coverage  area  data,  width  data  and  the 
length  data  which  are  indicative  of  the  positional 
relationship  between  the  land  28c  and  the  part  27c 
are  not  to  be  satisfactory.  In  that  case,  the  inspec- 

40  tion  routine  executed  by  the  CPU  46  branches  from 
the  steps  ST13,  ST17  to  the  step  ST19  where  the 
mounting  failure,  i.e.  unsatisfactory  mounted  state 
of  the  part  27c  is  decided  and  displayed  on  the 
CRT  screen  43  and/or  printed  out  by  the  printer  44. 

45  The  abovementioned  processing  is  executed 
repeatedly  for  the  remaining  parts  within  the  first 
image  picked-up  area.  Upon  completion  of  the  in- 
spection  processing  for  all  the  parts  27c,  the  in- 
spection  routine  executed  by  the  CPU  46  returns  to 

50  the  step  ST12  through  a  step  ST20,  whereupon 
execution  of  the  similar  processing  is  repeated  for 
the  remaining  imaged  areas  as  picked  up.  Thus, 
the  inspection  processing  comes  to  an  end. 

As  will  be  appreciated  from  the  foregoing  de- 
55  scription,  the  satisfactory  mounted  state  can  be 

decided  so  far  as  the  part  27c  is  mounted  on  the 
land  28c  within  the  permissible  range  even  when 
the  land  28c  differs  from  one  to  another  substrate, 
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whereby  the  erroneous  decision  attributable  to  the 
manufacturing  tolerance  can  be  positively  prevent- 
ed.  In  other  words,  the  permissible  positional  de- 
viation  can  thus  be  automatically  established  opti- 
mally  for  each  of  the  parts  27c. 

The  mounted  state  of  the  parts  illustrated  in 
Figs.  14A,  14B,  15A  and  15B  are  decided  to  be 
satisfactory,  while  the  mounted  states  illustrated  in 
Figs.  15C  and  15D  are  decided  to  be  unsatisfac- 
tory. 

Although  description  has  been  made  such  that 
the  entry  of  the  species  or  type  data  of  the  part 
27a  is  executed  through  manual  operation  of  the 
keyboard,  it  will  be  readily  understood  that  the 
electrodes  of  the  part  27c  are  detected  from  the 
inputted  image  of  the  standard  packaged  substrate 
and  that  the  species  of  the  part  27a  can  be  auto- 
matically  determined  on  the  basis  of  the  electrode 
array  to  be  subsequently  loaded  internally  in  the 
inspection  system. 

Further,  the  entry  of  the  feature  data  of  the  part 
27a  assumed  to  be  effected  manually  can  also  be 
realized  automatically  by  making  use  of  the  stan- 
dard  packaged  substrate. 

Figs.  16  and  17  are  views  showing  flow  charts 
for  illustrating  procedures  for  discriminatively  iden- 
tifying  the  species  of  parts  mounted  on  a  substrate 
according  to  another  embodiment  of  the  present 
invention.  The  packaged  substrate  inspecting  ap- 
paratus  adapted  for  performing  this  procedure  is 
substantially  of  the  same  structure  as  the  one 
shown  in  Fig.  4,  wherein  the  land  data  or  informa- 
tion  is  extracted  from  the  image  data  obtained  by 
picking  up  the  image  of  a  non-packaged  substrate 
on  the  basis  of  position  and  shape  (profile)  data  of 
parts  inputted  by  using  a  substrate  prepared  for  the 
teaching  purpose.  Subsequently,  the  species  of  the 
parts  are  automatically  identified  on  the  basis  of 
the  land  information  and  the  position/shape  data 
mentioned  above.  A  part  inspection  data  file  is 
created  for  each  species  of  the  parts.  Inspection  of 
the  packaged  substrate  is  performed  with  reference 
to  the  inspection  data  files. 

Now,  a  procedure  for  discriminatively  identify- 
ing  the  species  of  electronic/electric  parts  mounted 
on  a  substrate  will  be  described  below  in  detail. 

When  a  new  packaged  substrate  26  is  to  be 
inspected,  the  CPU  46  commands  the  CRT  display 
unit  43  to  display  a  message  requesting  for  the 
entry  of  data  concerning  the  identification  name 
(e.g.  identification  number)  of  the  substrate  and  the 
size  thereof,  as  illustrated  in  a  teaching  flow  chart 
of  Fig.  16  at  a  step  ST21. 

When  the  substrate  identification  name  and 
size  data  as  prompted  are  entered  through  the 
keyboard  45,  the  CPU  46  waits  for  disposition  of  a 
substrate  designed  for  the  teaching  purpose  on  the 
X-Y  table  or  stage  32  at  a  step  ST22.  In  this 

connection,  it  should  be  mentioned  that  the  tem- 
plate  substrate  for  the  teaching  purpose  is  colored 
in  white  at  regions  where  electric/electronic  parts 
are  to  be  mounted  with  the  remaining  area  being 

5  painted  in  black.  When  the  template  substrate  24 
has  been  disposed  on  the  X-Y  table  assembly  20 
through  the  X-Y  stage  controller  41  so  that  a  first 
area  of  the  template  substrate  24  whose  image  is 
to  be  picked  up  is  positioned  below  the  color  TV 

io  camera  34. 
The  image  information  produced  by  the  color 

TV  camera  34  undergoes  A/D  conversion  through 
the  A/D  converter  36  under  the  control  of  the  CPU 
46.  The  results  of  the  A/D  conversion  (i.e.  the 

is  digitized  image  data  of  the  substrate  24)  is  stored 
in  the  memory  37  on  the  real  time  basis. 

Subsequently,  the  CPU  46  reads  out  succes- 
sively  the  image  data  of  R-pixels  (or  alternatively, 
G-  or  B-pixels)  from  the  memory  37.  The  image 

20  data  as  read  out  are  then  converted  into  binary 
signals  through  the  image  processor  39,  from 
which  the  data  concerning  the  white  regions  on  the 
substrate  24  (the  part  portion  27a)  is  extracted. 
Subsequently,  positional  data  as  well  as  shape 

25  (profile)  data  of  the  parts  27a  obtained  through  the 
extracting  operation  are  entered  in  the  teaching 
table  38. 

At  a  step  ST23,  the  CPU  46  creates  a  layout 
image  29  of  the  parts  on  the  basis  of  the  position 

30  data  and  the  shape  data  of  the  parts  27a,  the 
layout  image  being  then  displayed  on  the  CRT 
display  unit  43,  as  is  shown  in  Fig.  7.  For  a  specific 
part,  the  CPU  46  can  produce  a  message  promp- 
ting  the  operator  to  input  manually  the  relevant 

35  data  through  the  keyboard  45. 
Subsequently,  the  CPU  46  reads  out  sequen- 

tially  the  position  data  and  the  shape  or  profile  data 
of  the  parts  27a  stored  in  the  teaching  table  38  at  a 
step  ST24,  to  thereby  establish  the  plausible  land 

40  covering  or  existing  range  30  for  each  of  the  parts 
27a,  as  is  illustrated  in  Fig.  18. 

In  this  connection,  it  should  be  mentioned  that 
the  plausible  land  covering  range  30  is  created  for 
finding  out  the  land  to  which  the  part  27a  can  be 

45  connected  electrically  and  mechanically.  To  this 
end,  the  plausible  land  covering  range  30  is  given 
a  sufficiently  large  area  so  that  the  land  to  which 
the  part  27a  is  to  he  connected  can  be  extracted 
regardless  of  whether  the  part  27a  is  a  three- 

50  electrode  element  such  as  transistor  or  a  two- 
electrode  element  such  as  resistor,  capacitor  or  the 
like. 

When  the  plausible  land  covering  or  existing 
ranges  30  have  been  established  for  all  the  parts, 

55  respectively,  located  within  the  first  imaged  area, 
the  CPU  46  places  data  of  the  plausible  land  cover- 
ing  or  existing  ranges  30  in  the  teaching  table  38. 
Subsequently,  the  species  identification  routine  re- 
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turns  to  the  aforementioned  step  ST22  by  way  of  a 
step  ST25.  When  the  plausible  land  existing  ranges 
30  have  been  created  for  all  the  remaining  picked- 
up  areas,  the  routine  jumps  from  the  step  ST25  to 
a  step  ST26,  where  the  CPU  46  waits  for  disposi- 
tion  of  a  non-packaged  substrate  25  on  the  X-Y 
table  assembly  20  after  the  template  substrate  24 
for  the  teaching  purpose  has  been  removed  there- 
from. 

When  the  non-packaged  subsirate  25  is  posi- 
tioned  on  the  X-Y  table  20,  the  CPU  46  causes  the 
X-Y  table  20  to  he  moved  through  the  X-Y  stage 
controller  451  so  that  a  first  area  of  the  non- 
packaged  substrate  25  whose  image  is  to  be  pic- 
ked  is  positioned  beneath  the  color  TV  camera  34. 

Subsequently,  the  image  signal  generated  by 
the  color  TV  camera  34  is  subjected  to  A/D  conver- 
sion  under  the  control  of  the  CPU  46,  the  result  of 
which  (i.e.  image  data  of  the  non-packaged  sub- 
strate  25)  are  stored  in  the  memory  37  on  the  real 
time  basis. 

Next,  the  CPU  46  reads  out  sequentially  the 
data  of  the  plausible  land  existing  range  30  from 
the  teaching  table  38  and  supplies  the  data  to  the 
image  processor  unit  39  which  is  also  supplied  with 
the  image  data  of  the  non-packaged  substrate  25 
read  out  from  the  memory  37.  In  the  image  proces- 
sor  unit  39,  an  image  of  the  plausible  land  existing 
range  is  cut  out  from  the  image  data  mentioned 
above. 

Subsequently,  the  CPU  46  issues  a  chromin- 
ance-to-brightness  conversion  command  to  the  im- 
age  processor  unit  39  which  responds  thereto  by 
performing  the  chrominance/brightness  conversion 
on  individual  pixels  constituting  parts  of  the  image 
within  the  plausible  land  existing  range  30.  For  the 
chrominance/brightness  conversion,  the  same  con- 
version  equations  (1),  (2),  (3),  and  (4)  as  employed 
in  the  preceding  embodiment  are  used. 

Upon  completion  of  the  abovementioned 
chrominance-to-brightness  conversion  for  all  the 
pixels  within  the  plausible  land  existing  range  30, 
the  CPU  46  checks  whether  the  red  chrominance 
signals  Rc  (i,  j)  of  all  the  pixels  (i,  j)  within  the 
plausible  land  existing  range  30  exceed  a  land 
extracting  reference  value  C  (e.g.  C  =  OA'  a) 
which  has  been  previously  loaded,  for  thereby  ex- 
tracting  the  land  28b  located  within  the  plausible 
land  existing  range  30. 

Subsequently,  the  position  data  as  well  as 
shape  or  profile  data  of  the  land  28b  is  stored  In 
the  teaching  table  30  under  the  command  of  the 
CPU  46,  which  then  verifies  the  number  and  the 
positions  of  the  land  28b  which  can  he  connected 
to  the  part  27a. 

In  this  conjunction,  when  there  exist  three  lands 
28b  capable  of  being  connected  to  the  part  27a  as 
shown  in  Fig.  19A  and  when  these  lands  28a  are 

disposed  at  opposite  sides  of  the  part  27a  with  a 
ratio  of  1  :  2,  this  part  27a  is  recognized  as  a 
transistor  by  the  CPU  46.  Thereafter,  the  CPU  46 
determines  the  correct  position  of  the  part  27a  for 

5  the  associated  lands  28b  to  correct  the  position  of 
the  part  27a  as  is  illustrated  in  Fig.  19B.  The 
corresponding  position  data  of  that  part  27a  stored 
in  the  teaching  table  38  is  also  altered  correctively 
on  the  basis  of  the  result  of  the  conversion  men- 

io  tioned  above. 
On  the  other  hand,  when  two  lands  28b  are 

present  which  can  be  connected  to  the  part  27  and 
that  the  lands  are  provided  on  opposite  ends  of  the 
part  27a  with  a  ratio  of  1  :  1,  that  part  27a  is 

is  recognized  to  be  a  two-electrode  part  such  as  a 
resistor  or  capacitor.  On  the  basis  of  the  positions 
of  the  lands  28b  for  the  part  27a,  the  correct 
position  thereof  is  determined  to  correct  the  actual 
position  of  the  part  27a,  as  is  illustrated  in  Fig.  20B. 

20  The  position  data  of  the  same  part  27a  stored  in 
the  teaching  table  38  is  also  corrected  in  accor- 
dance  with  the  result  of  the  correction  mentioned 
above. 

Subsequently,  at  a  step  ST28,  the  CPU  46 
25  arithmetically  determines  the  inter-land  distance 

among  the  lands  with  reference  to  the  parts  27a, 
respectively.  The  results  (i.e  inter-land  distance 
data)  are  also  stored  in  the  teaching  table  33. 

It  should  be  mentioned  that  the  inter-land  dis- 
30  tance  data  are  utilized  for  indicating  the  permissible 

tolerances  of  the  parts  to  a  mounter  mechanism) 
and/or  for  evaluating  the  land  pattern  design. 

Next,  at  a  step  ST29,  the  CPU  46  expands  or 
enlarges  the  shape  (profile)  of  the  land  28b,  as  is 

35  illustrated  in  Figs.  11A  and  11B,  to  arithmetically 
determine  the  land  inspecting  region  50b,  the  re- 
sulting  data  of  the  land  inspecting  region  being 
stored  in  the  teaching  table  38. 

Thereafter,  at  a  step  ST30,  the  CPU  46  arith- 
40  metically  determines  a  part  body  inspecting  region 

51b  for  the  purpose  of  cutting  out  the  image  of  a 
center  portion  of  each  part  27a  on  the  basis  of  the 
data  concerning  the  position  and  shape  (profile)  of 
the  land  28b,  as  illustrated  in  Figs.  12A  and  12B, 

45  the  results  also  being  stored  in  the  teaching  table 
38.  At  this  stage,  a  message  requesting  for  the 
feature  data  (e.g.  color  data)  of  the  body  of  each 
part  27a  is  displayed  on  the  CRT  display  unit.  In 
response,  operator  enters  all  the  feature  data  for  all 

50  the  parts  27a  manually  through  the  keyboard  45, 
which  are  then  stored  in  the  teaching  table  38 
under  the  control  of  the  CPU  46. 

Upon  completed  execution  of  the  routine  in- 
cluding  the  land  extraction  processing  to  the  fea- 

55  ture  data  loading  processing  for  all  the  parts  27a 
located  within  the  first  picked-up  area,  the  CPU  46 
returns  to  the  step  ST26  by  way  of  a  step  ST31, 
whereupon  the  processing  described  above  is  re- 
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peatedly  executed  for  all  the  remaining  areas  pic- 
ked-up  by  the  imaging  device  34. 

When  the  aforementioned  processing  comes  to 
an  end  after  having  been  performed  for  all  the 
parts  in  all  the  picked-up  images,  the  program 
executed  by  the  CPU  46  jumps  to  a  step  ST32 
from  the  step  ST31  . 

At  the  step  ST32,  the  CPU  46  rearranges  the 
data  stored  in  the  teaching  table  38  to  prepare  an 
inspection  data  file  which  is  again  stored  in  the 
teaching  table  38,  whereupon  the  teaching  opera- 
tion  comes  to  an  end. 

When  an  inspection  or  idintification  mode  is 
activated  at  the  end  of  the  teaching  operation,  the 
CPU  14  generates  a  message  on  the  screen  of  the 
CRT  display  unit  43,  the  message  requesting  the 
entry  of  identification  name  of  a  packaged  sub- 
strate  26  to  be  inspected  at  a  step  ST33  in  the 
inspection  flow  chart  illustrated  in  Fig.  17. 

After  the  identification  name  of  the  substrate 
has  been  entered  by  operator  through  the  key- 
board  45,  the  CPU  46  waits  for  disposition  of  a 
corresponding  packaged  substrate  26  to  be  in- 
spected  on  the  X-Y  table  32  at  a  step  ST34.  When 
the  substrate  26  to  be  inspected  is  disposed,  the 
CPU  46  causes  the  X-Y  table  assembly  20  to  be 
moved  through  the  X-Y  stage  controller  41  to  the 
position  where  the  first  area  to  be  imaged  of  the 
packaged  substrate  26  for  inspection  is  located 
below  the  color  TV  camera  34. 

The  image  signal  produced  by  the  color  TV 
camera  34  is  converted  into  a  digital  signal  through 
the  A/D  converter  36  under  the  control  of  the  CPU 
46,  the  result  of  the  A/D  conversion  (i.e.  image  data 
of  the  packaged  substrate  26  under  test)  are  stored 
in  the  memory  37  on  the  real  time  basis. 

Subsequently,  the  CPU  46  reads  out  the  data 
of  a  part  body  inspection  region  51b  from  the 
teaching  table  38  and  supplies  them  to  the  image 
processor  unit  39  which  is  also  supplied  with  the 
image  data  of  the  packaged  substrate  26  under 
inspection  from  the  memory  37.  In  the  image  pro- 
cessor  unit  39,  the  image  of  the  part  body  region 
51  b  to  be  inspected  is  cut  out  from  the  image  data. 

Next,  the  CPU  46  issues  a  feature  extracting 
command  to  the  image  processor  unit  39  which 
responds  thereto  by  extracting  the  feature  data  of 
the  image  of  the  cut-out  part  body  inspection  re- 
gion  51b  (which  can  be  accomplished,  for  example, 
through  chrominance/  brightness  conversion  of  pix- 
els  of  the  image). 

Thereafter,  the  CPU  46  makes  decision  at  a 
step  ST35  as  to  whether  the  feature  data  of  the 
image  located  within  the  aforementioned  part  body 
inspection  region  51b  coincides  with  the  feature 
data  of  the  ports  27a  stored  in  the  teaching  table 
38.  If  coincidence  is  found,  the  inspection  routine 
makes  a  jump  from  the  step  ST35  to  a  step  ST36 

where  the  land  inspection  region  50b  is  read  out 
from  the  teaching  table  38  and  transferred  to  the 
image  processor  unit  39  which  is  also  supplied  with 
the  image  data  of  the  packaged  substrate  26  under 

5  inspection  from  the  memory  37,  whereupon  the 
image  of  the  land  inspection  region  50b  is  cut  out 
from  that  image  data. 

At  this  stage,  the  CPU  46  issues  a  command 
for  chrominance/brightness  conversion  to  the  im- 

io  age  processor  unit  39,  whereby  the  individual  pix- 
els  (picture  elements)  constituting  the  aforemen- 
tioned  land  inspection  region  50b  undergo  the 
chrominance-to-brightness  conversion. 

Upon  completion  of  the  chromin- 
15  ance/brightness  conversion  mentioned  above  for  all 

the  pixels  within  the  land  inspection  region  50b,  the 
CPU  46  checks  whether  the  red  chrominance  sig- 
nal  Rc  (i,  j)  for  each  pixel  within  the  land  inspection 
region  50b  exceeds  a  preset  land  extraction  refer- 

20  ence  value  C  (e.g.  C  may  be  selected  equal  to 
OA'  a)  ,  to  thereby  extract  the  land  28c  located 
within  the  land  inspection  region  50b  at  a  step 
ST37. 

Subsequently,  at  a  step  ST38,  the  CPU  46 
25  checks  whether  the  brightness  BRT  (i,  j)  of  each 

pixel  within  the  land  inspection  region  50b  exceeds 
a  preset  reference  value  D  for  extraction  of  elec- 
trodes,  to  thereby  extracts  the  electrode  images 
47c  from  the  land  inspection  region  50b. 

30  At  a  step  ST39,  the  CPU  46  makes  comparison 
of  the  land  28c  with  that  of  the  land  28b  of  the  non- 
packaged  substrate  25  stored  in  the  teaching  table 
38  with  respect  to  the  shape  (profile)  by  referring  to 
the  position  and  shape  of  the  electrode  47c  located 

35  within  the  land  inspection  region,  to  thereby  arith- 
metically  determine  (estimate)  the  portion  of  the 
land  28  which  is  hidden  by  the  part  27c. 

At  a  step  ST40,  the  CPU  46  utilizes  the  results 
of  the  arithmetic  determination  to  determine  the 

40  coverage  area  data  (the  data  of  area  of  the  land 
28c  covered  by  the  part  27c),  the  width  data  and 
the  length  data  which  indicate  the  positional  rela- 
tionship  between  the  land  28c  and  the  part  27c,  as 
is  shown  in  Figs.  13A  and  13B.  Additionally,  it  is 

45  checked  if  the  values  of  these  data  are  appropriate. 
When  the  determined  data  values  are  found 

proper,  the  inspection  routine  branches  from  the 
step  ST40  to  a  step  41  where  it  is  determined  that 
the  part  27c  is  mounted  in  a  satisfactory  manner, 

50  which  fact  may  be  indicated  on  the  CRT  display 
unit  43  and/or  printed  out  by  the  printer  44. 

On  the  other  hand,  when  it  is  found  at  the 
steps  ST35  and  ST40  that  the  feature  data  of  the 
image  located  within  the  part  body  inspection  re- 

55  gion  51b  do  not  coincide  with  the  feature  data  of 
the  parts  27a  stored  in  the  teaching  table  38, 
decision  is  made  that  the  coverage  area  data,  width 
data  and  the  length  data  which  are  indicative  of  the 

11 
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positional  relationship  between  the  land  28c  and 
the  part  27c  are  not  proper.  In  that  case,  the 
inspection  routine  executed  by  the  CPU  46 
branches  from  the  steps  ST35,  ST40  to  a  step 
ST42  where  the  mounting  failure,  i.e.  unsatisfactory 
mounted  state  of  the  part  27c,  is  decided  and 
displayed  on  the  CRT  screen  43  and/or  printed  out 
by  the  printer  44  (abnormality  processing). 

Thereafter,  the  CPU  46  regains  the  step  ST  34 
by  way  of  a  step  ST  43,  whereby  the  processing 
described  above  is  executed  repeatedly  for  all  the 
remaining  image  picked-up  areas. 

The  abovementioned  processing  is  executed 
repeatedly  for  the  remaining  parts  located  within 
the  first  imaged  area.  Upon  completion  of  the  in- 
spection  processing  for  all  the  parts  27c  in  all  the 
remaining  areas,  the  inspection  processing  comes 
to  an  end. 

As  will  be  appreciated  from  the  foregoing  de- 
scription,  the  manual  loading  of  data  in  the  teach- 
ing  mode  can  be  significantly  simplified  with  erro- 
neous  decision  due  to  erroneous  data  entry  being 
prevented  by  virtue  of  the  capability  of  automatic 
discriminative  identification  of  the  species  of  parts 
according  to  the  invention. 

Further,  the  satisfactory  mounted  state  can  be 
decided  so  far  as  the  part  27c  is  mounted  on  the 
land  28c  within  the  permissible  range  even  when 
the  land  28c  differs  from  one  to  another  substrate, 
whereby  the  erroneous  decision  attributable  to  the 
manufacturing  tolerance  can  be  positively  prevent- 
ed.  In  other  words,  the  permissible  positional  de- 
viation  can  thus  be  automatically  established  opti- 
mally  for  each  of  the  parts  27c. 

The  mounted  states  of  the  parts  Illustrated  in 
Figs.  14A,  14B,  15A  and  15B  are  decided  to  be 
satisfactory,  while  the  mounted  states  illustrated  in 
Figs.  15C  and  15D  are  decided  to  be  unsatisfac- 
tory. 

Although  description  has  been  made  such  that 
the  entry  of  the  feature  data  of  the  part  27a  is 
executed  through  manual  operation  of  the  keyboard 
45,  it  will  be  readily  understood  that  the  entry  of 
the  feature  data  of  the  part  27a  assumed  to  be 
effected  manually  can  also  be  realized  automati- 
cally  by  making  use  of  the  standard  packaged 
substrate. 

Figs.  21  to  23  are  views  showing  flow  charts 
for  illustrating  pixel  decision  procedure  for  identify- 
ing  copper  layer  or  foil  portions  on  a  substrate 
according  to  another  embodiment  of  the  present 
invention. 

Describing  briefly  the  operation  of  the  pack- 
aged  substrate  inspection  apparatus  for  executing 
the  copper  foil  pixel  identification,  the  individual 
pixels  of  images  obtained  by  picking  up  or  imaging 
a  non-packaged  substrate  25  and  a  packaged  sub- 
strate  to  be  tested  undergo  chrominance-to-bright- 

ness  conversion,  wherein  when  the  value  of  red 
chrominance  signal  derived  from  the  pixels  ex- 
ceeds  a  predetermined  value  or  level,  it  is  decided 
that  the  pixels  of  concern  are  those  of  copper  foil 

5  portion  (land  portions  28b,  28c).  On  the  basis  of  the 
results  of  this  decision,  the  relative  positional  rela- 
tionship  between  the  land  28c  and  the  part  27c  is 
determined,  whereby  it  is  decided  whether  the 
mounted  state  of  the  part  27c  is  to  be  satisfied  or 

io  not. 
The  copper  foil  pixel  identification  procedure  is 

executed  by  the  using  the  packaged  substrate  in- 
specting  apparatus  shown  In  Fig.  4  in  a  manner 
described  below. 

is  Fig.  21  shows  a  flow  chart  for  illustrating  the 
teaching  procedure,  in  which  the  processing  steps 
ST51  to  ST53  are  same  as  the  steps  ST21  to  ST23 
shown  in  Fig.  16.  Accordingly,  repeated  description 
of  these  steps  will  be  unnecessary. 

20  At  a  step  ST54,  the  CPU  46  generates  a  mes- 
sage  on  the  CRT  display  unit  43  prompting  the 
operator  to  enter  information  concerning  the  type 
or  species  of  the  individual  parts  27a  as  well  as 
orientations  in  which  the  parts  27a  are  to  he  moun- 

25  ted  on  the  substrate.  When  the  information  as 
requested  is  loaded  by  the  operator,  the  regions  in 
which  the  mounting  lands  are  to  be  positioned  (the 
land  extracting  regions)  are  determined  on  the  ba- 
sis  of  the  data  concerning  the  shape,  species  and 

30  the  orientation  of  the  individual  parts. 
In  this  connection,  it  is  assumed,  by  way  of 

example,  that  the  part  27a  is  a  triplet-electrode  part 
such  as  a  transistor.  In  that  case,  the  land  extract- 
ing  regions  48a  which  cover  electrodes  47a  of  the 

35  part  27a,  respectively,  and  which  extend  outwardly 
therefrom  is  determined,  as  is  illustrated  in  Fig.  8. 
On  the  other  hand,  in  case  the  part  27a  is  a 
double-electrode  part  such  as  a  resistor,  a  capaci- 
tor  or  the  like,  such  land  extracting  regions  48a  are 

40  prepared  which  cover  the  electrodes  47a  formed  at 
both  ends  of  the  part,  respectively,  and  extend 
outwardly  thereof,  as  is  illustrated  in  Fig.  9. 

Subsequently,  the  land  extracting  regions  48b 
are  enlarged,  respectively,  to  create  enlarged  ex- 

45  trading  regions  49a,  as  is  illustrated  in  Figs.  10A 
and  10B  for  both  of  the  assumed  cases  mentioned 
above.  The  data  of  the  enlarged  land  extracting 
regions  49a  are  then  stored  in  the  teaching  table 
38. 

50  Thereafter,  the  abovementioned  processing  is 
executed  for  other  parts  to  be  mounted  in  the  first 
picked-up  area. 

When  the  processing  for  preparing  the  land 
extracting  regions  49a  for  all  the  parts  27a  to  be 

55  disposed  within  the  first  area  has  been  completed, 
the  routine  returns  to  the  step  ST52  by  way  of  a 
step  ST55,  being  followed  by  repeated  execution  of 
the  abovementioned  processing  for  all  of  the  re- 
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maining  image  picked-up  areas.  When  the  requisite 
data  of  the  land  extracting  regions  49a  for  all  the 
parts  27a  belonging  to  every  picked-up  area  has 
been  obtained,  the  routine  makes  a  jump  to  a  step 
ST56  from  the  step  ST55. 

At  the  step  ST56,  the  CPU  46  waits  for  the 
positioning  of  a  non-packaged  substrate  25  on  the 
X-Y  table  or  stage  20  after  the  template  substrate 
for  the  teaching  routine  is  removed. 

When  the  non-packaged  substrate  25  is  posi- 
tioned  on  the  X-Y  table  20,  the  CPU  46  causes  the 
X-Y  table  20  to  be  moved  through  the  X-Y  stage 
controller  41  so  that  a  first  area  of  the  non-pack- 
aged  substrate  25  whose  image  is  to  be  picked  is 
positioned  beneath  the  color  TV  camera  34. 

Subsequently,  the  image  signal  generated  by 
the  color  TV  camera  34  is  subjected  to  A/D  conver- 
sion  under  the  control  of  the  CPU  46,  the  result  of 
which  (i.e.  image  data  of  the  non-packaged  sub- 
strate  25)  are  stored  in  the  memory  37  on  the  real 
time  basis. 

Next,  the  CPU  46  reads  out  the  data  of  the 
enlarged  land  extracting  regions  49a  from  the 
teaching  table  38  and  supplies  the  data  to  the 
image  processor  unit  39  which  is  also  supplied  with 
the  image  data  of  the  non-packaged  substrate  25 
read  out  from  the  memory  37.  In  the  image  proces- 
sor  unit  39,  an  image  (referred  to"  as  Intra-land 
image)  is  cut  out  from  the  data  of  each  land 
extracting  region  49a. 

Subsequently,  the  CPU  46  issues  a  chromin- 
ance-to-brightness  conversion  command  to  the  im- 
age  processor  unit  39  which  responds  thereto  by 
performing  the  chrominance/brightness  conversion 
on  pixels  constituting  parts  of  the  intra-land  image 
in  accordance  with  chrominance/brightness  conver- 
sion  equations  described  hereinbefore  in  conjunc- 
tion  with  the  first  embodiment  of  the  invention. 

Upon  completion  of  the  abovementioned 
chrominance-to-brightness  conversion  for  all  the 
pixels  (picture  elements)  within  the  land  extracting 
regions  49a,  the  CPU  46  calls  a  land  extracting 
routine  illustrated  in  Fig.  22  at  a  step  ST57.  In  this 
routine,  the  red  chrominance  signal  Rc  (i,  j)  for  one 
pixel  (i,  j)  is  extracted  at  a  step  ST75.  Subse- 
quently,  the  CPU  46  checks  at  a  step  ST76  wheth- 
er  the  red  chrominance  signal  Rc  (i,  j)  exceeds  a 
preset  land  extraction  reference  value  C  (e.g.  C 
may  be  selected  equal  to  OA'  a),  to  thereby  decide 
that  the  pixel  (i,  j)  corresponding  to  the  abovemen- 
tioned  red  chrominance  signal  Rc  (i,  j)  is  that  of  the 
copper  foil  or  layer  at  a  step  ST77,  if  Rc  (i,  j)  is 
greater  than  C.  On  the  other  hand,  when  Rc  (i,  j)  is 
smaller  than  or  equal  to  C,  the  CPU  46  decides 
that  the  pixel  (i,  j)  corresponding  to  the  above 
chrominance  signal  Rc  (i,  j)  is  that  of  other  region 
than  the  copper  layer  at  a  step  ST78. 

Upon  completion  of  the  copper/non-copper  foil 
decision  processing  for  all  the  pixels  within  the  land 
extracting  region  49a,  the  routine  executed  by  the 
CPU  46  branches  to  a  step  ST80  by  way  of  a  step 

5  ST79  where  the  position  data  and  the  profile 
(shape)  data  of  the  land  28b  are  arithmetically 
determined  (i.e.  extracted)  on  the  basis  of  the  data 
representing  the  pixels  decided  to  belong  to  the 
coil  layer  portion.  Thereafter,  the  main  routine  is 

io  regained. 
The  position  data  as  well  as  shape  or  profile 

data  of  the  land  28b  is  stored  in  the  teaching  table 
storage  38  under  the  command  of  the  CPU  46  at  a 
step  ST58.  At  the  same  time,  the  CPU  46  arithmet- 

15  ically  determines  the  distance  among  the  lands 
destined  for  mounting  the  individual  parts  27a,  re- 
spectively,  the  results  of  which  are  also  stored  in 
the  teaching  table  38  as  the  distance  data. 

It  should  be  mentioned  that  the  distance  data 
20  are  utilized  for  indicating  the  permissible  tolerances 

involved  in  mounting  the  parts  to  the  part  mounting 
mechanism  referred  to  as  the  mounter  or  for  evalu- 
ating  the  design  of  land  pattern. 

At  a  next  step  ST59,  the  CPU  46  expands  or 
25  enlarges  the  shape  (profile)  data  of  the  land  28b, 

as  is  illustrated  in  Figs.  11A  and  11B,  to  arithmet- 
ically  determine  the  land  inspecting  region  50b,  the 
resulting  data  being  stored  in  the  teaching  table  38. 

Thereafter,  at  a  step  ST60,  the  CPU  46  arith- 
30  metically  determines  a  part  body  inspecting  region 

51  b  for  cutting  out  the  image  of  a  center  portion  of 
each  part  27a  on  the  basis  of  the  data  concerning 
the  position  and  shape  (profile)  of  the  land  28b,  as 
illustrated  in  Figs.  12A  and  12B,  the  results  also 

35  being  stored  in  the  teaching  table  38.  At  this  stage, 
a  message  prompting  the  entry  of  the  feature  data 
(e.g.  color  data)  of  the  body  of  each  part  27a  is 
displayed  on  the  CRT  display  unit  43.  In  response, 
operator  enters  all  the  feature  data  for  all  the  parts 

40  27a  manually  through  the  keyboard  45,  which  are 
then  stored  in  the  teaching  table  38. 

Then,  the  routine  returns  to  the  step  ST56  by 
way  of  a  step  ST61  where  the  subroutine  involved 
between  the  land  extracting  step  and  the  feature 

45  data  input  step,  inclusive  thereof,  is  executed  re- 
peatedly  for  the  remaining  picked-up  areas. 

When  the  abovementioned  processing  has 
been  completed  for  the  parts  27a  existing  in  all  the 
picked-up  areas,  execution  of  the  CPU  jumps  to  a 

50  step  ST62  from  the  step  ST61  . 
At  the  step  ST62,  the  CPU  46  rearranges  the 

data  stored  in  the  teaching  table  38  to  prepare  an 
inspection  data  file  which  is  again  stored  In  the 
teaching  table  38,  whereupon  the  teaching  opera- 

55  tion  comes  to  an  end. 
When  an  inspection  mode  is  activated  at  the 

end  of  the  teaching  operation,  the  CPU  46  gen- 
erates  a  message  on  the  screen  of  the  CRT  dis- 
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play  unit  43,  the  message  requesting  for  the  load- 
ing  of  identification  name  of  a  packaged  substrate 
26  to  be  inspected  at  a  step  ST63  in  the  inspection 
flow  chart  illustrated  in  Fig.  23. 

After  the  identification  name  of  the  substrate 
has  been  entered  by  operator  through  the  key- 
board  45,  the  CPU  46  waits  for  disposition  of  a 
corresponding  packaged  substrate  26  to  be  in- 
spected  on  the  X-Y  table  32  at  a  step  ST64.  When 
the  substrate  26  to  be  inspected  is  disposed,  the 
CPU  46  causes  the  X-Y  table  20  to  be  moved 
through  the  X-Y  stage  controller  41  to  the  position 
where  the  first  area  to  be  imaged  of  the  packaged 
substrate  for  inspection  is  positioned  below  the 
color  TV  camera  34. 

The  image  signal  produced  by  the  color  TV 
camera  34  is  converted  into  a  digital  signal  through 
the  A/D  converter  36  under  the  control  of  the  CPU 
46,  the  result  of  the  A/D  conversion  (i.e.  image  data 
of  the  packaged  substrate  26  under  test)  are  stored 
in  the  memory  37  on  the  real  time  basis. 

Subsequently,  the  CPU  46  reads  out  the  data 
of  part  body  inspection  region  51  b  from  the  teach- 
ing  table  38  and  transmits  them  to  the  image 
processor  unit  39  which  is  also  supplied  with  the 
image  data  of  the  packaged  substrate  26  under 
test  from  the  memory  37.  In  the  image  processor 
unit  39,  the  image  of  the  region  51b  to  be  in- 
spected  is  cut  out  from  the  image  data. 

Next,  the  CPU  46  issues  a  feature  extracting 
command  to  the  image  processor  unit  39  which 
responds  thereto  by  extracting  the  feature  data  of 
the  cut-out  image  of  the  part  body  inspection  re- 
gion  51b  (which  can  be  accomplished,  for  example, 
through  chrominance/  brightness  conversion  of  pix- 
els  of  the  image). 

Thereafter,  the  CPU  46  makes  decision  at  a 
step  ST65  as  to  whether  the  feature  data  of  the 
image  within  the  aforementioned  part  body  inspec- 
tion  region  51b  coincides  with  the  feature  data  of 
the  parts  27a  stored  in  the  teaching  table  38.  If 
coincidence  is  found,  the  inspection  routine  makes 
a  jump  from  the  step  ST65  to  a  step  ST66  where 
the  land  inspection  region  50b  is  read  out  from  the 
teaching  table  38  and  transferred  to  the  image 
processor  unit  39  which  is  also  supplied  with  the 
image  data  of  the  packaged  substrate  26  under 
inspection  from  the  memory  37,  whereupon  the 
image  of  the  land  inspection  region  50b  is  cut  out 
from  that  image  data. 

At  this  stage,  the  CPU  46  issues  a  command 
for  chrominance/brightness  conversion  to  the  im- 
age  processor  unit  39,  whereby  the  individual  pix- 
els  (picture  elements)  constituting  the  aforemen- 
tioned  land  inspection  region  50b  undergo  the 
chrominance-to-brightness  conversion. 

Upon  completion  of  the  chromin- 
ance/brightness  conversion  mentioned  above  for  all 

the  pixels  within  the  land  inspection  region  50b,  the 
CPU  46  checks  at  a  step  ST67  whether  the  red 
chrominance  signal  Rc  (i,  j)  for  the  pixel  (i,  j)  within 
the  land  inspection  retion  50b  exceeds  a  preset 

5  land  extraction  reference  value  (e.g.  C  =  OA'  a),  to 
thereby  extract  the  land  28c  located  within  the  land 
inspection  region  50b. 

Subsequently,  the  CPU  46  checks  whether  the 
brightness  BRT  (i,  j)  of  each  pixel  within  the  land 

io  inspection  region  50b  exceeds  a  preset  reference 
value  D  for  extraction  of  electrodes,  to  thereby 
extracts  the  electrodes  47c  from  the  land  inspec- 
tion  region  50b  at  a  step  ST68. 

At  a  step  ST69,  the  CPU  46  makes  comparison 
is  of  the  land  28c  with  that  of  the  non-packaged 

substrate  25  stored  in  the  teaching  table  38  with 
respect  to  the  shape  (profile)  by  referring  to  the 
position  and  shape  of  the  electrode  47c  located 
within  the  land  inspection  region  50b,  to  arithmet- 

20  ically  determine  (estimate)  the  portion  of  the  land 
28c  which  is  hidden  by  the  part  27c. 

At  a  step  ST70,  the  CPU  46  utilizes  the  results 
of  the  arithmetic  determination  to  determine  the 
coverage  area  data  (the  data  of  area  of  the  land 

25  28c  covered  by  the  part  27c),  the  width  data  and 
the  length  data  which  indicate  the  positional  rela- 
tionship  between  the  land  28c  and  the  part  27c,  as 
shown  in  Figs.  13A  and  13B.  Additionally,  it  is 
checked  if  the  values  of  these  data  are  appropriate. 

30  When  the  determined  data  values  are  found 
proper,  the  routine  branches  from  the  step  ST70  to 
a  step  71  where  it  is  determined  that  the  part  27c 
is  mounted  in  a  satisfactory  manner,  which  fact  in 
turn  is  indicated  on  the  CRT  display  unit  43  and/or 

35  printed  out  by  the  printer  44. 
On  the  other  hand,  when  it  is  found  a  the  steps 

ST65  and  ST70  that  the  feature  data  of  the  image 
located  within  the  inspection  region  51b  do  not 
coincide  with  the  feature  data  of  the  parts  27a 

40  stored  in  the  teaching  table  38,  decision  is  made 
that  the  coverage  area  data,  width  data  and  the 
length  data  which  are  indicative  of  the  positional 
relation  between  the  land  28c  and  the  part  27c  are 
improper.  In  that  case.the  inspection  routine  ex- 

45  ecuted  by  the  CPU  46  branches  from  the  steps 
ST65,  ST70  to  the  step  ST72  where  the  mounting 
failure  (i.e.  unsatisfactory  mounted  state  of  the  part 
27c)  is  decided  and  displayed  on  the  CRT  screen 
43  and/or  printed  out  by  the  printer  44. 

50  Upon  completion  of  the  inspection  processing 
for  all  the  parts  27c,  the  inspection  routine  ex- 
ecuted  by  the  CPU  46  returns  to  the  step  ST64 
through  a  step  ST73,  whereupon  execution  of  the 
similar  processing  is  repeated  for  the  remaining 

55  imaged  areas  as  picked  up.  Thus,  the  inspection 
processing  comes  to  an  end. 

As  will  be  appreciated  from  the  foregoing  de- 
scription,  it  is  possible  to  extract  the  lands  28b  and 

14 
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28c  according  to  the  embodiment  of  the  invention 
mentioned  just  above,  wherein  it  is  decided  that  the 
mounted  state  is  to  be  satisfactory  so  far  as  the 
parts  27c  lies  within  the  permissible  range  on  the 
land  28c  even  when  the  land  28c  of  the  packaged 
substrate  26  under  test  differs  from  one  to  another 
substrate.  Besides,  the  erroneous  decision  attrib- 
utable  to  the  manufacturing  tolerance  can  be  posi- 
tively  prevented.  In  other  words,  the  permissible 
positional  deviation  can  be  automatically  estab- 
lished  optimally  for  each  of  the  parts  27c. 

The  mounted  states  of  the  parts  illustrated  in 
Figs.  14A,  14B,  15A  and  15B  are  decided  to  be 
satisfactory,  while  the  mounted  states  illustrated  in 
Figs.  15C  and  15D  are  decided  to  be  unsatisfac- 
tory. 

Although  description  has  been  made  such  that 
the  entry  of  the  species  or  type  data  of  the  part 
27a  is  executed  through  manual  operation  of  the 
keyboard,  it  will  be  readily  understood  that  the 
electrodes  of  the  part  27c  may  be  detected  from 
the  inputted  image  of  the  standard  packaged  sub- 
strate  and  that  the  species  of  the  part  27a  can  be 
automatically  determined  on  the  basis  of  the  elec- 
trode  array  to  be  subsequently  loaded  internally  in 
the  inspection  system. 

Although  it  has  been  assumed  in  the  foregoing 
description  that  the  chrominance/brightness  con- 
version  of  the  image  is  carried  out  by  the  image 
processing  unit  39,  it  is  to  be  understood  that  the 
output  of  the  imaging  device  may  also  be  sub- 
jected  to  analogue  processing.  Further,  the 
chrominance/brightness  conversion  may  be  real- 
ized  with  the  aid  of  program  or  software  in  the  CPU 
46. 

The  manual  inputting  of  the  feature  data  of  the 
part  27a  in  the  teaching  mode  may  be  readily 
replaced  by  automatic  inputting  procedure  by  using 
a  reference  or  standard  package  substrate. 

Although  the  invention  has  been  described  in 
conjunction  with  the  preferred  and  exemplary  em- 
bodiments,  it  should  be  understood  that  many  and 
various  modifications  in  details  will  readily  occur  to 
those  skilled  in  the  art  without  departing  from  the 
spirit  and  scope  of  the  invention  set  forth  in  claims. 

Claims 

1.  A  packaged  substrate  inspecting  apparatus, 
comprising:  image  pick-up  means  for  picking 
up  an  image  of  a  substrate,  mounting  land 
extracting  means  for  extracting  regions  of  un- 
covered  mounting  lands  from  images  of  a  non- 
pakkaged  substrate  and  a  packaged  substrate, 
respectively;  positional  relation  extracting 
means  for  extracting  positional  relationships 
between  the  mounting  lands  of  said  packaged 
substrate  and  the  parts  mounted  thereon  on 

the  basis  of  geometrical  data  of  both  packaged 
and  non-packaged  regions  of  uncovered 
mounting  lands  obtained  from  said  land  ex- 
tracting  means,  and  decision  means  for  decid- 

5  ing  the  mounting  condition  of  a  part  from  said 
positional  relationship  obtained  by  said  posi- 
tional  relationship  extracting  means. 

2.  A  packaged  substrate  inspecting  apparatus, 
io  comprising:  imaging  means  for  picking  up  an 

image  of  the  substrate;  image  cut-out  means 
for  cutting  out  an  image  portion  within  a  plau- 
sible  mounting  land  existing  range  from  said 
image  obtained  from  said  imaging  means  on 

is  the  basis  of  previously  input  data  concerning 
positions  and  geometrical  configurations  of 
parts;  mounting  land  extracting  means  extract- 
ing  the  region  of  uncovered  mounting  land 
from  said  cut-out  image  obtained  from  said 

20  image  cut-out  means;  and  decision  means  de- 
termining  the  species  of  said  part  as  to  its  two- 
or  three-electrode  type  on  the  basis  of  the 
mounting  land  data  available  from  said  mount- 
ing  land  extracting  means  and  said  previously 

25  input  data  concerning  the  positions  and  geo- 
metrical  configurations  of  said  part. 

3.  A  packaged  substrate  inspecting  apparatus  ac- 
cording  to  claim  2,  wherein  said  land  extracting 

30  means  extracts  land  by  calculating  the  red 
chrominance  and  comparing  this  outcome  to  a 
predetermined  threshold  value. 

4.  A  packaged  substrate  inspecting  apparatus  ac- 
35  cording  to  claim  3,  comprising:  chrominance 

converting  means  performing  chrominance 
conversion  for  individual  pixels  of  the  substrate 
image  produced  by  said  image  pick-up  means; 
said  decision  means  deciding  that  a  pixel 

40  whose  chrominance  value  in  red  outputted  by 
said  conversion  means  exceeds  a  predeter- 
mined  value  is  that  of  a  copper  foil  portion. 

Patentanspruche 
45 

1.  Inspektionsvorrichtung  fur  ein  bestucktes  Sub- 
strat  mit  Bildaufnahmemitteln  zum  Aufnehmen 
eines  Bildes  eines  Substrats,  AnschluBflachen- 
Extrahiermitteln  zum  Herausziehen  von  Berei- 

50  chen  unabgedeckter  AnschluBflachen  aus  Bil- 
dern  eines  unbestuckten  Substrats  bzw.  eines 
bestuckten  Substrats;  Lagebeziehungs-Extra- 
hiermittel  zum  Herausziehen  von  Lagebezie- 
hungen  zwischen  den  AnschluBflachen  des  be- 

55  stuckten  Substrats  und  den  darauf  angebrach- 
ten  Teilen  auf  der  Grundlage  von  geometri- 
schen  Daten  sowohl  von  bestuckten  als  auch 
unbestuckten  Bereichen  unabgedeckter  An- 
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schluBflachen,  die  mit  den  AnschluBflachen- 
Extrahiermitteln  gewonnen  werden,  und  Ent- 
scheidungsmitteln  zum  Entscheiden  des  An- 
bringungszustandes  eines  Teils  anhand  der  mit 
den  Lagebeziehungs-Extrahiermitteln  gewon-  5 
nenen  Lagebeziehung. 

2.  Inspektionsvorrichtung  fur  ein  bestucktes  Sub- 
strat  mit  Abbildungsmitteln  zum  Aufnehmen  ei- 
nes  Bildes  des  Substrats;  Bildausschnittsmit-  10 
teln  zum  Herausschneiden  eines  Bildabschnitts 
innerhalb  eines  annehmbaren  AnschluBflachen- 
Vorliegebereichs  aus  dem  mit  den  Abbildungs-  2. 
mitteln  gewonnenen  Bild  auf  der  Grundlage 
vorab  eingegebener  Daten,  die  Lagen  und  geo-  is 
metrische  Konfigurationen  von  Teilen  betreffen; 
AnschluBflachen-Extrahiermitteln,  welche  den 
Bereich  unabgedeckter  AnschluBflache  aus 
dem  mit  den  Bildauschnittsmitteln  gewonnenen 
Ausschnittbild  herausziehen;  und  Entschei-  20 
dungsmitteln,  welche  die  Gattung  des  Teils 
nach  Zwei-  oder  Dreielektrodentyp  auf  der 
Grundlage  der  AnschluBflachendaten,  die  von 
den  AnschluBflachen-Extrahiermitteln  her  ver- 
fugbar  sind,  und  der  vorab  eingegebenen  Da-  25 
ten  betreffend  die  Lagen  und  geometrischen 
Konfigurationen  des  Teils  bestimmen. 

3.  Inspektionsvorrichtung  fur  ein  bestucktes  Sub- 
strat  nach  Anspruch  2,  bei  welcher  die  An-  30 
schluBflachen-Extrahiermittel  AnschluBflache 
durch  Berechnen  der  roten  Chrominanz  und 
Vergleichen  dieses  Resultats  mit  einem  be- 
stimmten  Schwellenwert  extrahieren. 

35 
4.  Inspektionsvorrichtung  fur  ein  bestucktes  Sub-  3. 

strat  nach  Anspruch  3  mit  Chrominanzum- 
wandlungsmitteln,  welche  eine  Chrominanzum- 
wandlung  fur  einzelne  Pixel  des  mit  den  Bild- 
aufnahmemitteln  erzeugten  Substratbildes  40 
durchfuhren,  wobei  die  Entscheidungsmittel 
entscheiden,  dal3  ein  Pixel,  dessen  Chrominan- 
zwert  in  rot,  der  durch  die  Umwandlungsmittel  4. 
ausgegeben  wird,  einen  bestimmten  Wert 
uberschreitet,  dasjenige  eines  Kupferfolienab-  45 
schnitts  ist. 

Revendicatlons 

1.  Un  appareil  d'inspection  d'un  substrat  encap-  so 
sule  comprenant:  un  moyen  de  detection 
d'image  servant  a  detecter  une  image  d'un 
substrat,  un  moyen  d'extraction  de  pastilles  de 
montage  pour  extraire  des  regions  de  pastilles 
de  montage  non  couvertes  a  partir  d'images  55 
d'un  substrat  non  encapsule  et  d'un  substrat 
encapsule,  respectivement,  un  moyen  d'extrac- 
tion  de  relation  de  position  pour  extraire  des 

relations  de  position  entre  les  pastilles  de 
montage  dudit  substrat  encapsule  et  les  par- 
ties  qui  y  sont  montees  sur  la  base  de  don- 
nees  geometriques  des  deux  regions,  encap- 
sulees  et  non  encapsulees,  de  pastilles  de 
montage  non  couvertes  obtenues  a  partir  dudit 
moyen  d'extraction  de  pastilles,  et  un  moyen 
de  decision  servant  a  decider  la  condition  de 
montage  d'un  element  a  partir  de  ladite  rela- 
tion  de  position  obtenue  par  ledit  moyen  d'ex- 
traction  de  relation  de  position. 

Un  appareil  d'inspection  d'un  substrat  encap- 
sule  comprenant:  un  moyen  d'imagerie  servant 
a  detecter  une  image  du  substrat;  un  moyen 
de  decoupe  d'image  pour  decouper,  dans  ladi- 
te  image  obtenue  par  ledit  moyen  d'imagerie, 
une  partie  d'image  a  I'interieur  d'une  plage 
plausible  existante  de  pastille  de  montage  sur 
la  base  de  donnees  entrees  precedemment 
concernant  des  positions  et  des  configurations 
geometriques  d'elements;  un  moyen  d'extrac- 
tion  de  pastilles  de  montage  qui  extrait,  de 
ladite  image  decoupee  obtenue  a  partir  dudit 
moyen  de  decoupe  d'image,  la  region  de  pas- 
tille  de  montage  non  couverte;  et  un  moyen  de 
decision  qui  determine  I'espece  dudit  element 
en  ce  qui  concerne  son  type  a  deux  ou  a  trois 
electrodes  sur  la  base  de  la  donnee  de  pastille 
de  montage  disponible  a  partir  dudit  moyen 
d'extraction  de  pastille  de  montage  et  de  ladite 
donnee  precedemment  entree  concernant  les 
positions  et  les  configurations  geometriques 
dudit  element. 

Un  appareil  d'inspection  d'un  substrat  encap- 
sule  selon  la  revendication  2,  dans  lequel  ledit 
moyen  d'extraction  de  pastille  extrait  une  pas- 
tille  en  calculant  la  chrominance  rouge  et  en 
comparant  cette  sortie  a  une  valeur  de  seuil 
predeterminee. 

Un  appareil  d'inspection  d'un  substrat  encap- 
sule  selon  la  revendication  3,  comprenant:  un 
moyen  de  conversion  de  chrominance  qui  ef- 
fectue  une  conversion  de  chrominance  pour 
des  pixels  individuels  de  I'image  du  substrat 
produite  par  ledit  moyen  de  detection  d'image; 
ledit  moyen  de  decision  decidant  qu'un  pixel 
dont  la  valeur  de  chrominance  en  rouge  pro- 
duite  par  ledit  moyen  de  conversion  depasse 
une  valeur  predeterminee  est  celui  d'une  partie 
de  feuille  de  cuivre. 
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