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(sj)  Emission  microscopy  apparatus  and  method. 
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©  An  optical  emission  microscopy  system  com- 
prises  a  macro  optic  system  (30)  having  a  high 
numerical  aperture  for  obtaining  global  views  of  an 
integrated  circuit  device  under  test  (10).  The  device 
under  test  (10)  is  subjected  to  illumination  and  stim- 
ulation  conditions,  and  images  are  obtained  to  form 
a  "global  difference"  image  in  which  defects,  wher- 
ever  located  in  the  chip,  can  be  discerned  by  the 
system  operator.  The  operator  can  select  apparent 
"defect  bright  spots"  to  be  further  inspected,  and 
zoom  in  with  a  higher  magnification  micro  optics 
system  (40)  to  repeat  the  image  formation  steps. 
"Difference  images"  are  processed  to  further  elimi- 
nate  noise  spots  using  an  approved  two-stage  filter- 
ing  operation.  The  system  may  be  operated  under 
manual  or  automatic  control,  and  may  be  interfaced 
to  various  data  input,  storage,  and  output  device  as 
desired. 
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EMISSION  MICROSCOPY  APPARATUS  AND  METHOD 

The  invention  relates  to  an  emission  micro- 
scopy  apparatus  as  well  as  to  an  emission  micro- 
scopy  method  used  for  detecting  light  emitted  from 
defects  in  dielectric  layers  of  integrated  circuit  de- 
vices. 

It  is  well  known  that  in  integrated  circuit  (IC) 
operation,  current  conduction  through  a  damaged 
dielectric  can  cause  it  to  emit  extremely  faint  light. 
These  photo  emissions  can  be  detected  by  the 
emission  microscope  disclosed  in  US-A-4,680,635 
as  follows: 

The  IC  or  "Device  Under  Test"  (DUT)  is  placed 
on  the  microscope  stage  with  the  DUT  area  to  be 
inspected  centered  in  the  axis  of  the  optic  system 
and  camera.  A  light-tight  chamber  is  closed  around 
the  microscope,  the  DUT  is  illuminated,  and  while 
being  viewed  through  a  cathode  ray  tube  display 
by  the  operator,  positioned  with  the  area  of  interest 
in  the  microscope  axis.  The  Z-axis  elevation  of  the 
stage  is  manually  adjusted  for  better  focus,  if  nec- 
essary. 

First,  without  applying  power,  the  DUT,  which 
is  preferably  illuminated  by  bright  or  dark  field,  is 
imaged  through  the  video  camera  to  obtain  a 
"reflected"  light  top  view  image  of  the  structural 
pattern  of  the  DUT.  The  reflected  image  is  con- 
verted  into  digital  form  and  stored,  preferably  in  a 
memory. 

Second,  the  illumination  is  turned  off,  and  with- 
out  applying  power,  any  background  noise  light 
from  the  inspection  area  as,  e.g.,  generated  by 
thermal  emissions,  is  collected  and  possibly  in- 
tegrated  and  amplified  in  an  analog  video  camera. 
Optionally,  the  background  noise  light  is  amplified 
in  a  digital  image  computer  to  obtain  a 
"background"  image,  which  is  digitized  and  stored. 

Third,  a  failure  condition  "test  vector"  of  vol- 
tages  under  which,  preferably,  a  defect  in  the  DUT 
has  previously  been  detected  by  an  automatic  test 
equipment  (ATE)  system,  is  applied  by  manual 
switches  to  input/output  terminals  of  the  still  unil- 
luminated  DUT,  causing  leakage  current  conducted 
through  defective  dielectric  features  to  emit  ex- 
tremely  faint  visible  and  infra-red  light.  This  emitted 
light  is  collected  and  amplified  to  obtain  an 
"emitted"  light  image,  which  is  digitized  and 
stored. 

Fourth,  the  digitized  background  image  is  sub- 
tracted  from  the  digitized  emitted  image  to  provide 
a  "difference"  image  showing  defect  emission 
bright  spots,  with  some  noise  interference  remain- 
ing. 

Fifth,  the  difference  image  is  filtered  or  pro- 
cessed  by  an  image  processing  computer  to  fur- 
ther  separate  emitted  light  points  from  the  random 

noise  bright  points  inherent  to  the  very  large  signal 
amplification  done  in  the  primary  camera.  This 
processing  is  conventionally  done  on  the  basis  of 
light  intensity  (gray  level)  threshold  discrimination. 

5  However,  some  noise  light  emissions  are  more 
intense,  and  produce  brighter  spots,  than  the  de- 
fects  of  interest  and  pass  the  threshold  filter  even 
while  the  threshold  is  set  high  enough  to  block 
some  interesting  defect  bright  spots.  This  filtering 

io  produces  a  "processed  difference"  image. 
Sixth,  the  sometimes  difficult  to  recognize 

"processed"  difference  image  is  superimposed 
over,  the  reflected  image  of  the  same  area  so  that 
photon  emission  spots  can  be  seen  and  located 

75  with  respect  to  the  integrated  circuit.  With  this 
information,  a  process  or  failure  analysis  engineer 
can,  afterwards,  refer  to  the  composite  layout  of  the 
integrated  circuit,  determine  the  probable  cause  of 
failure,  and  correct  the  integrated  circuit  design. 

20  Emission  microscopy  has  the  advantage  that  it 
is  a  non-destructive  technique  and  does  not  intro- 
duce  new  defects  into  the  DUT,  unlike  the  conven- 
tional  technique  of  stripping  layers  off  the  DUT, 
which  can  introduce  new  defects  and  is  extremely 

25  time  consuming. 
However,  this  prior  art  emission  microscopy 

implementation  is  complicated  by  the  fact,  that  for 
the  defects'  extremely  faint  emissions  of  light  to  be 
detected  requires  observing  the  emissions  through 

ao  a  lens  which  maximizes  brightness.  The  amount  of 
light  transmitted  through  a  lens  is  proportional  to 
N2/MAG2,  where  NA  is  the  numerical  aperture,  and 
MAG  is  the  magnification,  of  the  lens.  This  requires 
a  high  numerical  aperture  and  low  magnification, 

35  but  there  have  not  previously  been  commercially 
available  lenses  of  sufficient  quality  meeting  this 
requirement.  To  obtain  sufficient  brightness  with 
the  low  magnification,  the  prior  art  system  used  a 
NIKON  objective  lens  with  a  NA  of  0.025,  and  1X 

40  magnification.  US-A-4,680,635  in  column  3,  lines 
42  through  44,  mentions  using  a  lens  with  NA  0.8 
but  with  a  high  magnification  of  100  X.  When  used 
at  a  distance  practical  in  a  microscope,  a  lens  with 
this  NA  limit  subtends  a  field  of  view  only  large 

45  enough  to  cover  a  sub-area,  say  1/10,  of  a  typical 
integrated  circuit.  Thus,  the  prior  art  apparatus  is 
only  able  to  examine  one  sub-area  of  an  integrated 
circuit  at  a  time.  Locating  defects  wherever  located 
in  an  integrated  circuit  required  scanning  the  entire 

so  integrated  circuit  die  one  sub-area  at  a  time,  by 
successively  manually  repositioning  the  stage  or 
optics  to  line  up  the  camera  over  each  sub-area 
and  repeating  the  steps  of  multiple  image  capture, 
differencing,  and  processing  for  each  sub-area,  was 
a  cumbersome,  error  prone,  and  time  consuming 
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process. 
Furthermore,  it  is  not  uncommon  for  an  in- 

tegrated  circuit  when  stimulated  by  one  test  vector 
to  fail  due  to  a  defect  which  only  manifests  as  a 
consequence  of  an  immediately  preceding  state  5 
during  the  preceding  clock  cycle  of  the  integrated 
circuit,  when  it  was  stimulated  by  another  test 
vector.  Test  vectors  cannot  be  successively  set  up 
and  applied  in  real  time  in  the  prior  art  system 
using  manual  switches,  which  generally  precludes  10 
identifying  dynamic  failure  condition  defects. 

It  is,  therefore,  an  object  of  this  invention  to 
provide  an  emission  microscopy  system  which  is 
useable  to  locate  defects  in  integrated  circuits  con- 
veniently  and  quickly.  75 

It  is  another  object  to  provide  a  system  in 
which  DUTS  can  be  stimulated  by  application  of 
test  vectors  in  selected  sequences  and  in  real  time 
to  recreate  dynamic  failure  conditions. 

It  is  another  object  to  provide  a  process  for  20 
more  precisely  locating  defects  in  integrated  cir- 
cuits. 

The  present  invention  achieves  these  objects 
by  providing  an  optical  emission  microscopy  sys- 
tem  with  a  combination  of  visible  and  near  infra-red  25 
light  detection  and  image  processing  techniques.  A 
preferred  embodiment  of  the  present  invention 
comprises  an  optical  microscope  fitted  with  a  low 
light  level  imaging  system  housed  in  a  light-proof 
enclosure.  Under  the  microscope,  a  stage  holding  30 
the  device  under  test  (DUT)  is  capable  of  moving 
in  X,  Y,  and  Z  directions.  In  a  typical  application,  a 
packaged  integrated  circuit  device  with  the  top 
removed  is  placed  in  a  socket  through  which 
input/output  pins  are  connected  to  voltage  poten-  35 
tials  controlled  by  the  computer.  Steady  state  di- 
rect  current  power  is  used  in  most  inspections, 
although  selectable  logic  levels  may  be  applied  to 
any  input/output  pin.  It  is  also  possible  to  interface 
the  device  under  test  to  an  automatic  test  equip-  40 
ment  system.  The  test  vector  or  sequence  of  test 
vectors  is  applied  to  recreate  the  exact  condition 
under  which  the  device  is  already  known  to  have 
failed.  Three  magnification  powers  are  available.  1X 
in  the  macrostation,  and  10X  and  40X,  or  optionally  45 
100X,  in  the  microstation.  The  low  light  level  imag- 
ing  system  comprises  a  microchannel  plate  image 
intensifier,  which  is  coupled  to  a  very  sensitive 
solid  state  camera  capable  of  integrating  photons 
over  selectable  periods  of  time.  50 

Emission  microscopy  according  to  the  present 
invention  locates  silicon  oxide  dielectric  and  pas- 
sivation  layer  defects  of  the  following  types:  pro- 
cess  or  structure  induced  failures  such  as  oxide 
rupture  at  corners;  junction  breakdowns;  electro-  55 
static  discharge  (ESD)  damage  usually  associated 
with  input/output  pin  leakage;  latch-up  conditions; 
saturated  transistors;  hot  electron  (impact  ioniza- 

tion)  effects  that  occur  dynamically  in  switching 
transistors;  and  electromigration  voiding  or  "patch 
emission"  at  high  currents. 

Further  advantages  of  the  invention  will  be- 
come  apparent  from  the  following  description  as 
well  as  from  the  enclosed  drawings. 

It  goes,  further,  without  saying  that  any  of  the 
measures  and  elements  described  hereinbefore  or 
below  may  be  used  separately  or  in  other  combina- 
tion  as  expressedly  mentioned,  without  leaving  the 
scope  of  the  present  invention. 

Embodiments  of  the  invention  will  now  be  de- 
scribed  with  respect  to  the  drawings  in  which 

Figure  1  is  a  schematic  block  diagram  illus- 
trating  a  preferred  embodiment  of  the  emission 
microscopy  system  of  the  present  invention; 

Figure  2  is  a  diagram  showing  how  the 
present  invention  arranges  the  macro  and  micro 
optic  systems  relative  to  the  image  acquisition  and 
auxiliary  cameras  of  the  present  invention; 

Figure  3  shows  one  possible  arrangement  of 
conventional  camera  lenses  to  form  a  high  numeri- 
cal  aperture  lens; 

Figure  4  is  a  three-dimensional  plot  of  a 
difference  image  showing  light  emitted  from  areas 
of  an  integrated  circuit  in  the  XY  plane,  and  show- 
ing  light  intensity  in  the  Z  direction; 

Figure  5  shows  how  noise  signals  not  filtered 
out  by  the  prior  art  technique  can  be  filtered  out  by 
the  present  invention  technique; 

Figure  6  is  a  plot  of  the  difference  image 
after  threshold  filtering  with  some  noise  still 
present; 

Figure  7  illustrates  the  image  processing 
second  filtering  step  of  erosion; 

Figure  8  shows  the  processed  image  after 
erosion  to  eliminate  noise; 

Figure  9  shows  how  the  present  invention 
applies  context  discrimination; 

Figure  10  illustrates  the  paint  operation  pos- 
sible  with  the  present  invention; 

Figure  11  shows  additional  features  in  the 
preferred  embodiment  of  the  present  invention; 

Figure  12  shows  a  second  embodiment  of 
the  invention  capable  of  inspecting  dies  in  a  large 
wafer  before  separation;  and 

Figure  13  is  a  flow  chart  of  the  algorithm 
preferably  used  for  automated  noise  elimination. 

Referring  to  Figures  1  and  2,  a  preferred  em- 
bodiment  of  the  present  invention  is  illustrated  and 
comprises  stage  means  9  for  mounting  the  device 
under  test  10  to  be  inspected,  optical  means  11, 
light  intensifier  means  12,  and  primary  video  cam- 
era  or  other  solid  state  optical-to-electronic  analog 
converter  means  13  With  analog  integration  (time- 
exposure)  capability,  video  image  signal  processing 
(computer)  means  14,  and  display  means  15. 

As  shown  in  Figure  2,  optical  means  11  in- 
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eludes  at  least  one  micro-optical  system  40  com- 
parable  to  the  prior  art  system,  and  further  includes 
macro-optic  system  30  having  a  high  numerical 
aperture  of  at  least  0.025  and  preferably  in  the 
range  from  0.17  to  0.34  or  higher.  The  micro-  and 
macro-optics  40,  30  are  both  held  by  a  moveable 
slide  20  which  is  preferably  moved  by  a  stepper 
motor  actuator,  not  shown,  under  control  of  com- 
puter  14. 

Also  arranged  above  optic  means  11,  and  be- 
side  primary  camera  means  13,  is  an  auxiliary 
camera  21  for  providing  supplementary  view  to  the 
system  operator.  Primary  camera  13  and  auxiliary 
camera  21  are  both  held  by  moveable  bracket 
means  22  which  is  also  preferably  moved  automati- 
cally  by  an  actuator  under  the  control  of  computer 
14. 

Optical  means  11  and  both  camera  means  13 
and  21  are  moveable  with  respect  to  stage  9,  either 
by  movement  of  the  optical  and  camera  systems  or 
by  movement  of  the  stage  9  in  either  case  prefer- 
ably  automatically  under  control  of  computer  1  4. 

As  shown  in  Figure  2,  stage  9  supports  a 
socket  adaptor  module  23  having  a  zero  insertion 
force  (ZIF)  socket  which  holds  the  device  under 
test  (DUT)  10.  Socket  adaptor  module  23  has 
banks  24  of  appropriate  numbers  of  local  3-way 
switches  for  connecting  respective  input/output 
(I/O)  pins  of  the  DUT  1  0  to  either  a  supply  voltage, 
a  ground  voltage,  or  a  high  impedance  (open  cir- 
cuit)  Z  state.  Module  23  preferably  has  two  addi- 
tional  input  BNC  connector  terminals  25  for  apply- 
ing  additional  signals  such  as  a  clock  signal  to 
selected  individual  I/O  pins  of  DUT  10.  Module  23 
is  preferably  also  provided  with  a  second  socket  26 
for  mounting  a  second  DUT  for  comparisons  with 
DUT  10.  As  shown  in  Figure  11,  the  preferred 
embodiment  also  includes  a  stimulator  module  120 
(optionally  available  from  the  applicant  company) 
capable  of  receiving  and  applying  multiple  test 
vectors  to  DUT  10  or  storing  on  disk  19  a  4000  to 
5000  test  vector  sequence  set-up.  Stimulator  mod- 
ule  120  may  be  programmably  controlled  by  com- 
puter  14  to  apply  test  vectors  in  selected  se- 
quences  and  to  stop  on,  and  hold,  a  selected 
vector  Further,  stimulator  module  120  may  be  con- 
nected  through  computer  14  to  a  serial  interface 
(either  RS-232  or  Ethernet)  for  receiving  test  vec- 
tors  from  an  automatic  test  equipment  system  121. 

Referring  to  Figures  1  and  2,  primary  camera 
13  works  with  light  intensifier  12  which  is  preferably 
a  dual  microchannel  plate  intensifier,  which  is  gat- 
ed  to  control  timing  of  exposures,  and  which  has 
an  amplification  or  gain  factor  of  50  to  60  thousand. 

The  emission  microscopy  system  user,  not 
shown,  begins  an  inspection  operation  by  inserting 
a  DUT  10  into  the  module  23  socket.  Optic  system 
support  bracket  20  is  positioned  as  necessary  to 

center  macro-optics  30  in  the  axis  of  primary  cam- 
era  13.  The  door  is  closed  and  DUT  illumination 
means  29  is  turned  on. 

In  the  preferred  embodiment  using  a  one  pow- 
5  er  magnification  macro  optics  station,  an  operator 

can,  in  one  view,  inspect  a  one  centimeter  by  one 
centimeter  die  area.  While  viewing  DUT  10  via 
display  15,  the  operator  moves  module  23  so  that 
the  entire  DUT  die  is  visible  in  the  field  of  view  of 

10  macro-optics  30  and  primary  camera  13.  The  cam- 
era  axis  coincides  with  a  DUT  point  designated  for 
the  reference  origin  for  coordinates  of  defects  to  be 
found.  For  better  focus,  the  operator  can  also  ad- 
just  the  Z  stage.  Using  either  manual  switches  24 

75  or,  with  switches  24  in  the  neutral  position,  using 
automatic  stimulator  module  120,  module  23  is  set 
up  to  apply  a  test  vector  (or  sequence  of  test 
vectors)  to  the  I/O  pins  of  the  DUT  10.  Reflected, 
background  and  emitted  images  are  formed  as 

20  explained  above. 
The  intensified  image  enters  primary  camera 

13.  Camera  13  may  be  a  charge  coupled  device 
(CCD),  a  charge  injection  device  (CID),  or  other 
suitable  type  of  optical-to-electronic  analog  con- 

25  verter,  with  the  capability  to  perform  analog  in- 
tegration.  The  image  is  preferably  integrated  in  the 
analog  intensifier  until  the  average  pixel  value 
throughout  the  field  of  view  reaches  a  grey  level 
value  midway  in  the  available  range  of  gray  levels, 

30  say  until  reaching  a  level  of  128  out  of  256  gray 
levels  available,  to  leave  adequate  range  for  in- 
tegrating  values  of  actual  "bright  points".  Analog 
integration  without  truncation  errors  is  preferable 
over  digital  integration  by  computer  14.  The  am- 

35  plified  background  image  is  subtracted  from  the 
amplified  emitted  image  to  give  the  difference  im- 
age  as  explained  above. 

Then,  after  processing,  the  difference  image  is 
superimposed  upon  the  previously  stored  reflected 

40  image  to  give  a  macro  or  "global"  composed  im- 
age  in  which  defects  wherever  located  in  the  chip 
can  be  discerned  by  the  system  operator.  This 
global  view  eliminates  the  prior  art  necessity  of 
propositioning  the  micro  optics  system  and  repeat- 

45  ing  the  image  capture,  differencing  and  overlay 
steps  for  each  sub-area  potentially  having  a  defect 
in  the  DUT.  With  this  macro  or  global  view,  the 
operator  can  select  possible  defect  bright  spots  in 
local  area  windows  to  zoom  in  on  for  closer  inspec- 

50  tion  with  the  higher  manification  micro  optics  sys- 
tem  40. 

The  operator,  or  optionally  the  computer  auto- 
matically,  moves  the  long  working  distance  (LWD) 
micro  lens  40  into  the  axis  of  primary  camera  13, 

55  and  adjusts  the  position  of  stage  9  relative  to  the 
axis  of  camera  13  on  one  of  the  apparent  defect 
bright  spots  to  be  further  inspected.  The  test  vector 
voltages  are  removed,  and  the  chamber  interior  is 
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illuminated  as  before  to  repeat  the  imaging  pro- 
cess.  For  each  suspected  defect  bright  spot  to  be 
inspected,  the  micro  optics  system  40  is  used  to 
form  another  set  of  reflected,  background,  emitted 
and  difference  images.  Each  micro  difference  im- 
age  is  then  processed  to  further  eliminate  remain- 
ing  noise,  using,  according  to  the  present  invention, 
an  improved  two-stage  filtering  operation. 

Referring  to  Figure  4,  a  sub-area  of  DUT  1  0  is 
plotted  in  the  XY  plane  with  sub-area  noise  and 
defect  bright  spot  intensities  plotted  on  a  gray  level 
scale  along  the  Z  axis.  If  this  micro  difference 
image  is  filtered  according  to  the  prior  art  tech- 
nique  of  thresholding,  as  shown  in  Figure  5,  intense 
noise  spots  will  pass  while  weak  bright  spots  are 
blocked.  However,  the  inventors  of  the  present 
invention  have  realized  that  the  interesting  defect 
bright  spots,  whatever  their  intensity,  characteris- 
tically  extend  over  a  certain  minimum  area  or  have 
other  spacial  characteristics,  and  that  this  char- 
acteristic  may  be  used  for  a  second  processing 
step  of  improved  filtering.  Second  stage  processing 
is  based  on  the  image  algebra  operation  of 
"erosion"  as  illustrated  in  Figure  7  in  which  the 
input  image  A  is  depicted  as  a  solid  line  while  the 
transformed  image  is  shown  by  a  dashed  line.  This 
allows  the  first  stage  threshold  to  be  lowered  to 
pass  weak  defect  bright  spots,  while  intense  but 
small  area  noise  spots  are  removed.  The  erosion  or 
sieve  processing  removes  noise  from  the  Figure  6 
image  to  produce  an  image  without  noise  as  shown 
in  Figure  8. 

The  above  explained  technique  of  erosion  is 
not  the  only  technique  of  removing  random  noise 
points  which  may  be  used.  For  example  it  is  also 
possible  to  do  bright  spot  sizing  by  "morphological 
operations"  or  "low  pass  filtering"  as  explained  in 
the  book  "Digital  Image  Processing"  by  W.  K. 
Pratt,  published  by  J.  Wiley,  N.Y.  (1978).  It  is  also 
possible  to  do  the  high  level  machine  vision  tech- 
nique  of  "connectivity  analysis"  as  explained  in  the 
book  "Computer  Vision"  by  D.  Ballard  &  C.  M. 
Brown,  published  by  Prentice-Hall,  Englewood 
Cliffs,  N.J.  (1982).  Other  techniques  are  explained 
in  the  book  "Algorithms  for  Graphics  and  Image 
Processing"  by  Theo  Pavidis,  published  by  the 
Computer  Science  Press,  Rockville,  MD  (1982). 

According  to  the  present  invention,  micro  dif- 
ference  image  processing  may  also  use  context 
discrimination  by  superimposing  the  micro  differ- 
ence  image  onto  a  copy  of  the  reflected  image,  as 
shown  in  Figure  9.  This  allows  areas  of  the  die 
which  are  not  suspected  of  having  defects,  or 
which  are  outside  the  circuit  altogether,  to  be  iden- 
tified  and  eliminated  from  suspicion  of  having  de- 
fects. 

The  present  invention  also  provides  a  "paint" 
capability  which  allows  a  system  operator  who  rec- 

ognizes  a  defect  bright  spot  pattern  to  circumscribe 
it  with  a  rectangle,  elipse,  circle,  or  other  contour, 
and  then  fill  or  "paint"  in  the  contour  around  the 
defect,  and  thereby  force  the  computer  14  to  treat 

5  the  painted  area  as  having  passed  the  first  and 
second  stage  filters  and  been  recognized  normally 
(by  the  system).  Use  of  the  paint  feature  is  auto- 
matically  noted  as  "retouched"  by  computer  14  on 
the  processed  micro  difference  image  output  by 

w  the  system,  so  that  the  painted-in  patterns  will  not 
later  be  mistaken  for  normally  identified  patterns. 

The  difference  image  processing  algorithm 
(preferably  as  shown  in  the  flow  chart  of  Figure  13) 
operates  with  adjustable  parameters  for  noise  and 

75  defect  bright  spot  gray  level  sensitivities  and  con- 
fidence  margins. 

In  the  preferred  embodiment,  after  the  macro 
difference  image  is  obtained  and  apparent  defects 
are  approximately  located,  computer  14  can  auto- 

20  matically  replace  the  macro  optic  system  30  with 
the  micro  optic  system  40,  move  stage  9  so  that 
the  first  one  of  the  recognized  bright  spots  is  in  the 
axis  of  the  micro  optic  system  30  and  camera  13, 
and  execute  the  image  formation,  differencing,  and 

25  processing  steps,  with  selectable  confidence  levels, 
according  to  the  Figure  13  algorithm. 

Each  "processed  micro  difference  image"  is 
superimposed  onto  the  reflected  image  of  the 
same  area.  However,  because  the  reflected  image 

30  was  received  through  noise-amplifying  intensifier 
12  and  primary  camera  13  and  converted  into 
digital  form  for  storage,  the  retrieved  reflected  im- 
age  may  be  of  unsatisfactory  quality  for  the  oper- 
ator  to  use  in  correlating  defect  locations  to  coordi- 

35  nates  of  the  integrated  circuit. 
Therefore,  in  addition  to  the  primary  camera 

system  13,  the  present  invention  also  provides  an 
auxiliary  camera  system  21  as  shown  in  Figure  2. 
The  prior  art  design  did  not  appreciate  that  the 

40  primary  camera  13  has  inadequate  resolution  for 
small  features,  and  merges  groups  of  features  if 
they  are  small  in  size.  The  auxiliary  camera  21  is 
an  ordinary  high  resolution  video  camera,  without 
an  image  intensifier,  which  provides  higher  quality 

45  images,  comparable  to  microscope  eye  piece  im- 
ages,  side-by-side  with  the  processed  image  on 
display  15  for  the  operator  to  better  distinguish 
features. 

Besides  comparisons  with  a  stored  reflected 
so  image,  the  processed  micro  difference  image  may 

also  be  compared  against  a  reflected  image  of  a 
corresponding  second  device  under  test  26,  Figure 
2.  In  addition,  the  processed  difference  image  may 
be  compared  against  the  stored  image  of  another 

55  integrated  circuit  of  the  same  type  known  to  be 
free  of  defects. 

Alternately,  image  computer  14  may  be  pro- 
vided  with  an  interface  to  a  computer  aided  design 
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(CAD)  system  125,  Figure  11,  through  which  the 
emission  microscopy  system  under  manual  or 
automatic  control  can  retrieve  the  composite  layout 
image  of  each  area  of  the  integrated  circuit.  This 
facilitates  identification  of  defect  types  and  loca- 
tions  to  within  ±  1  micron  (10~5  meters)  in  the 
preferred  embodiment. 

The  invention  also  preferably  includes  means 
for  the  processed  difference  and  superimposed 
macro  and  micro  images  of  each  area  to  be  output 
to  alternate  display  devices  including  a  hard  disk 
126,  a  floppy  disk  126,  or  a  video  image  printer 
1  28,  Figure  1  1  . 

The  interior  chamber  illumination  level  is  also 
preferably  automatically  controlled  by  computer  1  4 
to  produce  good  images  regardless  of  variations  in 
reflectivity  of  various  DUTS. 

The  preferred  embodiment  is  operated  with 
commands  input  conveniently  by  a  "mouse  and 
menue"  operator  interface  system. 

For  inspection  of  integrated  circuit  dies  un- 
separated  in  a  semi-conductor  wafer,  a  large  stage 
130  supporting  a  small  stage  131,  both  stages 
being  automatically  moveable  in  X,  Y  and  Z  direc- 
tions  under  control  of  computer  14,  is  shown  in 
Figure  12. 

This  system  provides  process  and  reliability 
engineers  with  evidence  of  process  and/or  struc- 
ture  induced  oxide  failures  as  well  as  several  other 
types  of  dielectrical  failures  and  thereby  helps  in- 
crease  device  yield  and  reliability. 

Claims 

1.  Emission  microscopy  apparatus  for  detect- 
ing  light  emitted  from  defects  in  dielectric  layers  of 
integrated  circuit  devices  (10)  in  response  to  test 
vector  signals  applied  to  input  and  output  terminals 
of  the  integrated  circuit  device  (10),  comprising: 
-  mounting  means  for  holding  the  device  under  test 
(10)  to  be  inspected; 
-  optical  means  (11)  including  macro  optic  means 
(30)  having  a  high  numerical  aperture  for  obtaining 
global  optical  images  of  said  device  under  test  (10) 
and  including  micro  optic  means  (40)  for  alter- 
natively  obtaining  micro  optical  images  of  sub- 
areas  of  said  device  under  test  (1  0); 
-  primary  camera  means  (13)  for  converting  said 
optical  images  into  analog  electronic  signals,  said 
camera  means  (13)  including  light  intensifier  means 
(12)  and  being  capable  of  integrating  the  analog 
electronic  signals; 
-  video  image  signal  processing  means  (14)  for 
processing  said  analog  electronic  signals;  and 
-  video  image  display  means  (15)  for  displaying 
signals  processed  by  said  video  image  processing 
means  (14). 

2.  The  apparatus  of  claim  1,  wherein  said 
micro  optic  means  (30)  has  a  numerical  aperture  of 
at  least  0.025. 

3.  The  apparatus  of  any  of  claims  1  or  2, 
5  wherein  said  mounting  means  and  said  optical 

means  (11)  are  moveable  with  respect  to  each 
other  automatically  under  programmed  control  by 
said  signal  processing  means  (14). 

4.  The  apparatus  of  any  of  claims  1  to  3, 
w  wherein  said  mounting  means  include  a  socket 

adaptor  module  (23)  with  local  switches  (24)  and 
auxiliary  signal  input  means  (25)  for  applying  se- 
lected  test  vector  voltages  to  said  input  and  output 
terminals. 

rs  5.  The  apparatus  of  any  of  claims  1  to  4, 
wherein  said  mounting  means  includes  means  (26) 
to  mount  a  second  device  under  test  adjacent  said 
first  mentioned  device  under  test  (10),  and  said 
module  (23)  includes  means  for  applying  test  vec- 

20  tors  to  said  second  device  under  test. 
6.  The  apparatus  of  any  of  claims  1  to  5, 

wherein  said  mounting  means  includes  wafer  chuck 
means,  probe  means,  and  wherein  both  said 
mounting  means  and  said  optical  means  (11)  are 

25  moveable  with  respect  to  each  other  automatically 
under  programmed  control  by  said  signal  process- 
ing  means  (14). 

7.  The  apparatus  of  any  of  claims  1  to  6, 
wherein  said  mounting  means  includes  stimulator 

30  module  means  (120)  for  programmably  applying 
selected  test  vectors  to  input/output  terminals  of  a 
device  under  test  (10)  inserted  into  said  socket 
adaptor  module  (23). 

8.  The  apparatus  of  claim  7,  including  auto- 
35  matic  test  equipment  interface  means  for  connect- 

ing  said  stimulator  module  (120)  to  receive  test 
vectors  provided  from  an  automatic  test  equipment 
system  (1  21  ). 

9.  The  apparatus  of  any  of  claims  7  or  8, 
40  wherein  said  stimulator  module  (120)  is  program- 

mable  to  apply  selected  test  vectors  in  a  selected 
order  through  said  stimulator  module  (120)  to  a 
device  under  test  (1  0). 

10.  The  apparatus  of  any  of  claims  1  to  9, 
45  further  including  computer  aided  design  interface 

means  for  said  image  signal  processing  means 
(14)  to  access  integrated  circuit  composite  layout 
images  from  a  computer  aided  design  system 
(125). 

so  11.  The  apparatus  of  any  of  claims  1  to  10, 
further  including  auxiliary  camera  means  (21)  for 
providing  a  display  image  to  supplement  the  image 
provided  by  said  primary  camery  means  (13). 

12.  The  apparatus  of  any  of  claims  1  to  11, 
55  wherein  said  micro  optic  means  (40)  includes  a 

plurality  of  lens  means  having  magnification  powers 
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n  the  range  between  10  and  100  times,  and  is 
sngageable  in  the  optical  axis  of  said  primary  cam- 
3ra  (13)  by  the  computer  (14). 

13.  The  apparatus  of  any  of  claims  1  to  12, 
further  including  illumination  means  (29)  for  illu- 
minating  said  device  under  test  (10)  at  light  inten- 
sity  levels  automatically  controlled  by  said  com- 
puter  means  (14). 

14.  The  apparatus  of  any  of  claims  1  to  13, 
wherein  said  display  means  (15)  includes  storage 
means  (19). 

15.  The  apparatus  of  claim  14,  wherein  said 
storage  means  (19)  includes  means  of  providing  a 
previously  verified  good  integrated  circuit  image  by 
said  display  means  (15)  and  comparison  with  said 
displayed  processed  difference  image. 

16.  The  apparatus  of  any  of  claims  14  or  15, 
wherein  said  storage  means  (19)  includes  floppy 
disk  storage  means  (127). 

17.  The  apparatus  of  any  of  claims  14  to  16, 
wherein  said  storage  means  (19)  includes  video 
image  printer  means  (128). 

18.  The  apparatus  of  any  of  claims  1  to  17, 
wherein  operations  of  said  system  are  controlled 
by  said  image  processing  means  (14)  under  the 
control  of  mouse  input  means. 

19.  A  method  of  detecting  light  emitted  from 
defects  in  dielectrics  located  at  unknown  coordi- 
nates  in  an  integrated  circuit  device  (10),  compris- 
ing  the  steps  of: 
-  obtaining  a  reference  image  of  said  device; 
-  forming  a  background  image  of  collectable  noise; 
@  applying  electrical  voltages  to  selected  terminals 
of  the  integrated  circuit  device  (10)  so  as  to  cause 
light  to  be  emitted  at  the  locations  of  defects  con- 
tained  therein; 
-  forming  an  emitted  light  image  of  said  integrated 
circuit  including  the  light  emitted  from  defects  con- 
tained  therein; 
-  forming  a  difference  light  image  of  said  integrated 
circuit  by  subtracting  said  background  image  from 
said  emitted  image; 
-  processing  said  difference  image  to  remove  noise 
and  to  produce  a  processed  macro  difference  im- 
age; 
-  superimposing  said  processed  macro  difference 
image  onto  said  reflected  image  to  form  a  superim- 
posed  image; 
-  identifying  defect  bright  spots  on  said  superim- 
posed  image; 
-  compiling  a  list  of  coordinates  of  said  bright 
spots; 
-  replacing  said  macro  lens  (30)  with  a  micro  lens 
(40); 
-  moving  the  axis  of  said  micro  lens  (40)  over  a 
first  set  of  coordinates  from  said  list; 
-  forming  a  difference  image  of  the  local  area  in  a 
window  around  said  set  of  coordinates; 

-  processing  said  difference  image  to  remove  noise 
and  to  produce  a  processed  micro  difference  im- 
age; 
-  superimposing  said  processed  difference  image 

5  over  said  micro-reflected  image;  and 
-  comparing  said  superimposed  image  to  a  refer- 
ence  image  of  said  integrated  circuit  (10)  to  locate 
coordinates  of  said  defect,  more  precisely  relative 
to  said  integrated  circuit  (1  0). 

w  20.  The  method  of  claim  19,  wherein  said  step 
of  obtaining  a  reference  image  includes  illuminating 
said  integrated  circuit  and  forming  a  reflected  light 
image  of  said  illuminated  integrated  circuit  (10). 

21.  The  method  of  any  of  claims  19  or  20, 
15  wherein  said  step  of  processing  includes  filtering 

said  image  by  spacial  characteristics  discrimination 
such  as  "erosion". 

22.  The  method  of  any  of  claims  19  to  21, 
wherein  said  step  of  processing  includes  perform- 

20  ing  context  discrimination  on  said  difference  image. 
23.  The  method  of  any  of  claims  19  to  22, 

wherein  said  step  of  processing  includes  the  step 
of  "painting"  said  difference  image. 

24.  The  method  of  claim  23,  including  the  step 
25  of  annotating  said  difference  image. 

25.  The  method  of  any  of  claims  19  to  24, 
wherein  said  step  of  processing  is  programmably 
automatically  performed. 

26.  The  method  of  claim  25,  wherein  said  pro- 
30  cessing  can  be  done  with  selectable  gray  level 

sensitivity. 
27.  The  method  of  claim  26,  wherein  said  pro- 

cessing  is  done  with  selectable  confidence  levels. 
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