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Description 

BACKGROUND  OF  THE  INVENTION 

1.  Field  of  the  Invention 

The  present  invention  relates  to  methods  and  ap- 
paratus  for  acquiring  data  representing  intermittent 
failure  of  a  circuit,  particularly  an  integrated  circuit. 

2.  The  Prior  Art 

Debugging  of  very  large  scale  integrated  circuits 
(VLSI)  is  an  important  element  of  design.  Probing  in- 
ternal  nodes  of  integrated  circuits  plays  an  increas- 
ingly  indispensable  role  in  this  process. 

As  device  geometries  shrink  to  and  below  the  1 
urn  mark  and  as  packing  density  and  chip  complexity 
increase,  the  problems  of  VLSI  circuit  debug  become 
more  and  more  difficult.  Simulation  and  design  veri- 
fication  software  relieve  many  of  the  problems.  Nev- 
ertheless,  many  designs  do  not  yield  fully  operational, 
full  specification  parts  without  first  undergoing  leng- 
thy,  and  expensive,  debug  phases. 

Debugging  a  chip  with  any  significant  level  of  in- 
tegration  (LSI,  VLSI,  ULSI)  has  always  been  a  diffi- 
cult  task.  The  recent  development  of  electron-beam 
probe  tools  and  techniques  has  greatly  assisted  in 
overcoming  the  problems  involved  in  probing  internal 
nodes  of  integrated  circuits  for  debug  and  other  pur- 
poses. 

E-beam  probing  uses  the  principle  of  voltage  con- 
trast  in  a  scanning  electron  microscope  (SEM).  Acon- 
ventional  SEM  image  is  produced  by  raster-scanning 
a  finely-focused  beam  of  primary  electrons  over  a  cir- 
cuit  specimen  as  signals  are  applied  to  the  specimen. 
Secondary  electrons  are  thus  produced  and  detect- 
ed,  resulting  in  a  signal  used  to  form  an  image  of  the 
specimen  in  which  intensity  variations  represent  the 
surface  electrical  potential  on  conductors  within  the 
specimen.  For  example,  positive  voltages  appear  as 
dark  areas  in  the  image,  corresponding  to  fewer  sec- 
ondary  electrons,  while  zero  or  negative  voltages  ap- 
pear  as  light  areas  and  correspond  to  higher  second- 
ary  electron  counts.  See,  for  example,  E.  Menzel  &  E. 
Kubalek,  Fundamentals  of  Electron  Beam  Testing  of 
Integrated  Circuits,  5  SCANNING  103-122  (1983), 
and  E.  Plies  &  J.  Otto,  Voltage  Measurement  Inside 
Integrated  Circuit  Using  Mechanical  and  Electron 
Probes,  IV  SCANNING  ELECTRON  MICROSCOPY 
1491-1500(1985). 

Commercial  introduction  by  Schlumberger  in 
1987  of  the  "IDS  5000™"  workstation-based,  elec- 
tron-beam  test  probe  system  greatly  simplified  E-be- 
am  probing  of  circuit  chips  and  increased  the  efficien- 
cy  of  circuit  debug.  See  S.  Concina,  G.  Liu,  L.  Lattan- 
zi,  S.  Reyfman  &  N.  Richardson,  Software  Integration 
in  a  Workstation  Based  E-Beam  Tester,  INTERNA- 

TIONAL  TEST  CONFERENCE  PROCEEDINGS 
(1  986);  N.  Richardson,  E-Beam  Probing  for  VLSI  Cir- 
cuit  Debug,  VLSI  SYSTEMS  DESIGN  (1987);  S.  Con- 
cina  &  N.  Richardson  IDS  5000:  an  Integrated  Diag- 

5  nosis  System  for  VLSI,  7  MICROELECTRONIC  EN- 
GINEERING  (1987).  See  also  U.S.  Patents 
4,706,019  and  4,721,909  to  N.  Richardson. 

A  block  diagram  of  a  prior  art  electron-beam  test 
probe  system  is  shown  at  10  in  Figure  1.  The  system 

10  has  three  functional  elements:  an  electron  beam  test 
probe  12,  a  circuit  exerciser  14,  and  a  data  processing 
system  16  which  includes  a  display  terminal  18.  The 
circuit  exerciser  14  may  be  a  conventional  integrated 
circuit  tester,  such  as  a  model  "S  15™"  tester  avail- 

is  able  from  Schlumberger  Technologies  of  San  Jose, 
California,  which  can  repeatedly  apply  a  pattern  of 
test  vectors  to  the  specimen  circuit  over  a  bus  24  and 
provide  an  indication  of  whether  the  specimen  circuit 
has  performed  in  an  expected  manner  in  response  to 

20  each  application  of  the  pattern.  The  specimen  circuit 
is  placed  in  the  electron-beam  test  probe  12  so  that 
potential  measurements  can  be  made  as  the  test  vec- 
tor  pattern  is  applied.  The  points  at  which  such  meas- 
urements  are  to  be  made  are  sent  to  the  electron-be- 

25  am  test  probe  12  by  the  data  processing  system  16 
over  a  bus  22.  The  data  processing  system  16  may 
also  be  used  to  specify  the  test  signal  pattern  used 
and  the  timing  of  the  potential  measurements  relative 
to  the  test  signal  pattern.  The  electron  beam  test 

30  probe  system  is  controlled  by  an  operator  who  inputs 
commands  through  the  display  terminal  18. 

SEMs  used  for  E-beam  probing,  such  as  that  in 
the  IDS  5000  system,  are  equipped  with  high-speed 
beam  pulsing  hardware  sometimes  referred  to  as  a 

35  "beam-blanker."  An  example  of  such  hardware  is  de- 
scribed  in  U.S.  Patent  4,721,909.  Directing  a  pulsed 
electron  beam  at  a  particular  node  of  interest  provides 
a  mode  of  operation  much  like  that  of  a  sampling  os- 
cilloscope,  in  which  images  can  be  produced  of  wa- 

40  veforms  at  one  or  more  nodes  in  the  specimen  circuit 
as  test  vector  patterns  are  applied  to  the  specimen 
circuit.  The  images  may  be  qualitative  (e.g.,  logic 
state  maps  for  digital  circuit  debug)  or,  with  the  aid  of 
a  secondary  electron  energy  analyzer  within  the  E- 

45  beam  probe  system,  quantitative  (e.g.  analog  signal 
waveforms).  Acquisition  of  high-speed  quantitative 
voltage  waveforms  with  an  equivalent  bandwidth  ex- 
ceeding  1  GHz  are  possible.  Dynamic  faults  in  the 
specimen  circuit  may  be  readily  observed  from  such 

so  waveform  images. 
For  each  point  of  the  waveform  image,  a  meas- 

urement  is  made  by  pulsing  the  electron  beam  at  a 
specific  time  during  application  of  the  test  vector  pat- 
tern  to  the  specimen  circuit.  Since  the  time  needed  to 

55  make  a  potential  measurement  is  generally  longer 
than  the  time  over  which  the  test  signal  pattern  re- 
mains  constant,  stroboscopic  techniques  are  used. 
That  is,  the  electron  beam  is  turned  on  for  a  brief  per- 
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iod  of  time  at  a  point  in  the  test  signal  pattern.  Each 
time  the  electron  beam  is  so  pulsed,  a  measurement 
of  the  potential  on  a  node  of  the  specimen  circuit  is 
made.  Since  a  single  measurement  has  insufficient 
statistical  accuracy  to  allow  an  accurate  determina- 
tion  of  the  potential,  measurements  made  over  many 
repetitions  of  the  test  vector  pattern  are  averaged. 
Coordination  of  the  electron-beam  pulses  with  the 
test  vector  pattern  may  be  effected  by  a  trigger  gen- 
erator  circuit  of  the  electron-beam  test  probe  system 
under  control  of  data  processing  system  16. 

Figure  2  shows  a  functional  block  diagram  of  por- 
tions  of  an  electron  beam  test  probe  system  config- 
ured  in  prior  art  manner  for  acquisition  of  waveform 
images  from  a  circuit  under  test.  Atrigger  signal  from 
tester  14  is  provided  to  a  timing  controller  30,  which 
in  turn  supplies  beam-pulse  timing  signals  to  the  elec- 
tro-optics  of  the  electron-beam  probe  12.  Potential 
measurement  signals  from  the  electron-beam  probe 
12  are  digitized  by  an  analog-to-digital  converter 
(ADC)  32  under  control  of  a  timing  signal  synchron- 
ized  with  the  beam  pulse  timing  signals,  and  supplied 
to  one  input  of  an  arithmetic  logic  unit  (ALU)  34. 

A  second  input  of  ALU  34  receives  digital  data 
from  a  data  buffer  36.  ALU  34  is  a  conventional  device 
which  adds  the  digital  data  provided  at  its  respective 
inputs  and  provides  the  sum  at  its  output.  The  sum  at 
the  output  of  ALU  34  is  returned  to  data  buffer  36  un- 
der  control  of  a  data  buffer  address  controller  38. 
Data  bus  address  controller  38  communicates  with 
timing  controller  30  and  with  a  microprocessor  40  via 
a  communication  interface  42.  Data  buffer  address 
controller  38  keeps  track  of  which  data  relates  to 
which  point  in  the  waveform  when  such  data  is  stored 
in  data  buffer  36  so  that  the  data  may  be  composed 
as  a  waveform  image  for  display. 

In  one  prior  art  method  of  waveform  acquisition, 
the  desired  waveform  image  may  be  made  up  of  val- 
ues  at  a  number  n  (for  example,  500)  of  points  during 
the  test  vector  pattern.  Each  point  is  assigned  an  ad- 
dress  in  data  buffer  36.  As  shown  in  the  timing  dia- 
gram  of  Figure  3,  a  trigger  signal  pulse  40  from  tester 
14  causes  timing  control  circuit  30  to  supply  a  beam 
pulse  42  to  test  probe  12  at  a  time  ff  following  trigger 
pulse  40.  When  a  succeeding  trigger  pulse  44  is  pro- 
duced  by  tester  14,  timing  control  circuit  30  produces 
a  further  beam  pulse  46  at  a  time  ff  after  trigger  pulse 
44.  Each  trigger  pulse  (40,  44,  etc.)  typically  repre- 
sents  one  repetition  of  the  test  vector  pattern  applied 
to  the  specimen  circuit.  Measurements  are  repeated- 
ly  taken  at  a  time  f,  following  the  trigger  pulses  until 
a  sufficient  number  of  pulses  have  been  acquired  and 
averaged  at  that  time  in  the  test  vector  sequence  to 
give  a  meaningful  measurement.  This  may  require 
1  0,000  or  more  repetitions  of  the  testvector  sequence 
for  each  point  in  the  waveform  to  be  acquired.  The 
process  is  repeated  for  a  second  point  in  the  wave- 
form  represented  by  a  time  t2  following  each  of  a  num- 

ber  of  trigger  pulses.  The  repetition  continues  until  an 
nth  point  in  the  waveform  is  acquired,  representing  a 
time  t„  following  each  of  a  number  of  trigger  pulses. 

It  can  be  seen  that  for  even  a  relatively  simple  cir- 
5  cuit  under  test,  tens  of  thousands  or  even  hundreds 

of  thousands  of  repetitions  of  the  test  vector  pattern 
may  be  needed  to  acquire  the  data  represented  in  a 
waveform  image. 

A  rule  of  thumb  commonly  applied  for  setting  ae- 
ro  quisition  parameters  is  that  the  duty  cycle  (the  trigger 

period  divided  by  the  beam  pulse  width)  should  be 
less  than  about  1  0,000  to  1  00,000.  For  example,  a  1  0 
MHz  microprocessor  specimen  circuit  has  a  100 
nanosecond  clock  period;  applying  a  10,000-vector 

15  test  pattern  means  that  one  complete  repetition  of  the 
test  pattern  would  require  1  millisecond.  To  obtain  a 
meaningful  measurement  at  a  10  MHz  specimen 
clock  speed,  one  might  employ  a  10  nanosecond 
beam  pulse,  resulting  in  a  duty  cycle  of  about 

20  100,000.  As  duty  cycles  increase,  leakage  currents 
and  other  measurement  limitations  result  in  degraded 
measurement  accuracy. 

Data  acquisition  time  is  also  a  very  real  concern, 
particularly  with  the  lengthy  test  vector  patterns  re- 

25  quire  to  exercise  ever  more  complex  integrated  cir- 
cuits.  With  the  prior  art  method  of  acquiring  waveform 
data  illustrated  in  the  timing  diagram  of  Figure  3,  the 
number  of  repetitions  of  the  test  pattern  required  to 
obtain  a  waveform  is  equal  to  the  number  of  points  n 

30  in  the  desired  waveform  multiplied  by  the  number  of 
samples  to  be  averaged  at  each  point  in  the  wave- 
form.  For  example,  if  500  samples  are  to  be  averaged 
at  each  point  in  a  waveform  comprising  500  points, 
25,000  repetitions  of  the  test  vector  sequence  are  re- 

35  quired  to  acquire  the  waveform.  With  the  10  MHz  mi- 
croprocessor  specimen  mentioned  above,  and  using 
a  1  millisecond  electron-beam  pulse,  acquiring  a  wa- 
veform  of  500  points  with  500  beam  pulses  for  each 
point  in  the  waveform,  250  seconds  (more  than  4  min- 

40  utes)  would  be  required  for  one  pass  at  acquiring  the 
waveform.  Depending  upon  the  circuit  and  the  de- 
sired  measurement,  multiple  passes  might  be  re- 
quired  to  obtain  a  suitable  waveform. 

Figure  4  shows  a  timing  diagram  of  a  further  prior 
45  art  waveform  acquisition  technique,  sometimes 

called  "interlacing"  or  "burst  mode  imaging."  The  wa- 
veform  acquisition  technique  of  Figure  4  can  greatly 
reduce  the  number  of  repetitions  of  the  test  vector 
pattern  and,  hence,  the  time  needed  to  acquire  a  giv- 

50  en  waveform  over  the  technique  described  with  refer- 
ence  to  Figure  3.  At  a  time  ff  following  a  trigger  pulse 
50,  a  beam  pulse  52  is  produced.  Further  beam  puls- 
es  54,  56,  etc.,  are  produced  at  an  interval  48f  follow- 
ing  pulse  52,  where  8f  represents  the  time  interval  be- 

55  tween  points  in  the  desired  waveform.  Thus,  data  is 
acquired  for  one  fourth  of  the  points  in  the  desired  wa- 
veform  with  each  repetition  of  the  test  pattern.  When 
a  desired  number  of  measurements  at  those  points  in 

3 
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the  waveform  have  been  averaged,  the  beam  pulses 
are  then  retarded  by  a  time  8f  such  that  the  first  beam 
pulse  60  follows  a  trigger  pulse  by  a  time  t2,  where  t2 
equals  ff  +  8f.  Data  is  therefore  acquired  for  an  addi- 
tional  one  quarter  of  the  points  on  the  desired  wave- 
form  for  each  repetition  of  the  test  pattern.  After  many 
repetitions  of  the  test  pattern,  the  beam  pulses  are 
again  retarded  by  a  time  8f  for  acquisition  of  data  at 
a  third  quarter  of  the  points  in  the  desired  waveform. 
After  many  repetitions  of  the  test  pattern,  the  beam 
pulses  are  again  retarded  by  a  time  Sf  for  acquisition 
of  data  for  the  remaining  points  in  the  desired  wave- 
form.  In  the  illustrative  example  given,  only  four  rep- 
etitions  of  the  test  pattern  are  required  to  obtain  a  sin- 
gle  measurement  for  each  point  on  the  desired  wave- 
form.  Thus,  if  a  waveform  of  500  points  is  desired, 
with  500  measurements  averaged  at  each  point,  a  to- 
tal  of  4  x  500  =  2,000  repetitions  of  the  test  pattern 
are  required  to  acquire  the  waveform,  using  suitable 
high-speed  hardware  to  process  and  store  the  ac- 
quired  data. 

Probing  a  circuit  at  multiple  sampling  times  dur- 
ing  application  of  a  pattern  of  test  vectors  to  the  circuit 
to  acquire  data  representing  a  circuit  logic  states  at 
each  of  the  sampling  times  is  known  from  E.  Miller, 
"Gated-pulse  stroboscopy  for  passivated  device  im- 
aging",  IEEE  25th  Annual  Proceedings,  Reliability 
Physics  1987,  San  Dieco,  CA,  7th-9th  April,  pages 
118-125. 

Figure  5  shows  a  further  prior  art  configuration  of 
an  electron-beam  test  probe  system  for  acquisition  of 
waveform  images  in  either  a  synchronous  or  an  asyn- 
chronous  mode  of  operation.  In  the  synchronous 
mode  (used  for  logic  analysis  when  timing  information 
is  less  critical),  the  signal  on  the  selected  internal 
node  or  conductor  of  the  specimen  circuit  is  sampled 
once  per  fixed  interval  of  time,  typically  the  period  of 
a  user-supplied  (external)  sync  clock  signal.  The 
samples  so  acquired  indicate  the  logic  state  of  the 
node  during  each  clock  period.  Synchronous  sam- 
pling  can  be  performed  with  external  clock  rates  of, 
for  example,  10  KHz  to  200  MHz.  However,  the  max- 
imum  beam  pulse  repetition  rate  (which  is  the  real 
sampling  rate)  is  limited  by  the  scintillator  bandwidth 
of  the  electron-beam  test  probe  which  may  be,  for  ex- 
ample  10  MHz.  An  interlaced  sampling  scheme  may 
be  used  to  increase  the  effective  sampling  rate.  For 
example,  if  the  external  clock  frequency  is  100  MHz, 
during  the  first  pass  through  the  test  pattern  the  elec- 
tron  beam  may  be  pulsed  on  clock  edges  0,  10,  20, 
30,  etc.  During  the  next  pass  through  the  test  pattern 
the  beam  may  be  pulsed  on  clock  edges  1,11,21,31, 
etc.  Repeating  this  1  0  times  will  result  in  the  complete 
waveform. 

The  interlacing  may  be  accomplished  by  a  coun- 
ter/gate  &  multiplexer  circuit  shown  in  block  form  in 
Figure  5,  which  may  be  incremented  by  the  external 
sync  clock  signal.  At  the  start  of  each  test  pattern  se- 

quence,  the  counter  is  re-set  by  the  trigger  signal 
from  the  circuit  exerciser,  via  a  trigger  delay  circuit  72. 
The  gate  of  circuit  70  compares  the  current  clock 
edge  number  to  the  set  of  clock  signal  edges  for  which 

5  the  electron  beam  is  to  be  pulsed.  If  a  match  occurs, 
the  clock  edge  is  allowed  to  pass;  otherwise  it  is  gated 
off.  The  acquisition  clock  edges  output  by  circuit  70 
are  passed  to  a  pulse  generator  74  which  supplies 
pulses  to  turn  on  the  electron  beam.  The  output  of  cir- 

10  cuit  70  may  also  be  used  to  generate  addresses  for 
the  data  buffer  memory  so  that  the  sample  corre- 
sponding  to  clock  "1"  is  stored  in  location  "1"  of  the 
buffer  memory,  and  so  on. 

In  the  asynchronous  (or  timing  analysis)  mode, 
15  the  signal  on  the  node  being  probed  may  be  sampled 

more  frequently  than  the  clock  frequency  of  the  sig- 
nal  on  the  node  to  acquire  more  accurate  timing  infor- 
mation,  e.g.,  to  detect  unexpected  signal  variations  as 
well  as  logic  level  transitions  in  the  signal  being  ob- 

20  served.  For  example,  a  signal  with  a  period  of  100  ns 
can  be  sampled  at  2  ns  intervals.  This  mode  can  be 
implemented  by  means  of  a  restartable  oscillator  76 
which,  when  stopped  and  restarted  by  a  trigger  sig- 
nal,  will  always  start  to  oscillate  exactly  in  phase  with 

25  the  trigger  signal.  Once  the  asynchronous  clock  sig- 
nal  is  generated  by  oscillator  76,  it  may  be  divided  in 
a  frequency  divider  78  to  produce  an  asynchronous 
clock  signal  used  for  interlacing  in  the  same  manner 
as  the  sync  clock  signal  is  used  in  the  synchronous 

30  mode.  The  asynchronous  clock  frequency  may  be 
set,  for  example,  from  1  MHz  to  200  MHz. 

The  buffer  memory  bandwidth  must  be  high 
enough  to  accept  a  read-modify-write  access  at  a 
rate  of,  for  example,  every  100  ns.  This  may  be  im- 

35  plemented  with  low  cost  SRAMs  configured  in  a  low- 
order  interleaved  memory  system  as  shown  in  the  pri- 
or  art  configuration  of  Figure  6.  The  memory  may  be 
divided  into  eight  independent  columns  80-96,  each 
of  which  has  its  own  arithmetic  logic  unit  (ALU)  and 

40  memory  controller.  An  address  generator  98  controls 
storage  locations  within  the  memory  columns  via  ad- 
dress  latches  100-116.  With  such  a  configuration, 
each  incoming  sample  may  be  routed  to  one  of  the 
eight  columns  depending  on  the  least  three  bits  of  the 

45  corresponding  clock  edge  number  (which  may  also  be 
used  as  the  memory  address).  It  has  been  found  that, 
with  one  such  arrangement,  the  read-modify-write 
cycle  takes  400  ns  while  the  incoming  samples  can 
arrive  at  a  maximum  rate  of  one  per  100  ns.  So,  at  any 

so  time,  up  to  four  of  these  columns  will  be  simultane- 
ously  but  independently  performing  a  read-modify- 
write  access.  The  memory  is  preferably  capable  of 
storing  256K  16-bit  samples  in  a  buffer  accessible  to 
the  data  processing  system  of  the  electron-beam  test 

55  probe  system. 
Adisplay  is  preferably  provided  on  the  display  ter- 

minal  of  the  electron-beam  test  probe  system  in  a 
form  modeled  on  a  conventional  logic  analyzer.  Such 

4 
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a  display  provides  the  user  with  a  tool  whose  opera- 
tion  is,  as  far  as  possible,  intuitive  by  analogy  with  the 
logic  analyzer  model.  It  is  preferred  that  extensive  use 
of  pop-up  menus  and  icons  be  made  and,  wherever 
possible,  the  user  be  shielded  from  the  physics  of  the 
actual  measurement  process. 

The  prior  art  methods  and  arrangements  descri- 
bed  above  provide  a  single  channel  of  waveform  ac- 
quisition.  Prior  art  multi-channel  tools  are  also  known 
in  which  multiple  "probes"  (probe  icons)  may  be 
placed  on  the  SEM  tool  window  of  the  display  terminal 
of  the  electron-beam  test  probe  system.  See,  for  ex- 
ample  S.  Concina  and  N.  Richardson,  Workstation 
Driven  E-Beam  Prober,  INTERNATIONAL  TEST 
CONFERENCE  PROCEEDINGS,  pp.  554-560 
(1987).  That  is,  in  the  window  displaying  a  live  vol- 
tage-contrast  image  of  the  specimen  circuit,  an  icon 
is  placed  where  the  specimen  circuit  is  to  be  probed. 
The  system  then  sequentially  acquires  a  logic  wave- 
form  at  for  each  probe  location  and  displays  the  wa- 
veform  images. 

Figure  7  is  an  example  of  an  electron-beam  test 
probe  system  display  showing  a  voltage  contrast  im- 
age  of  conductors  of  a  specimen  circuit  along  with  wa- 
veform  images  representing  acquired  signals  at  user- 
specified  nodes  of  the  specimen  circuit.  In  the  back- 
ground  window  is  a  voltage  contrast  image  of  conduc- 
tors  of  the  specimen  circuit.  Probe  icons  (such  as 
those  labeled  0,  3,  4,  5,  6  and  7  in  Figure  7)  placed  in 
the  image  by  the  user  show  the  conductors  to  be 
measured.  The  electron-beam  test  probe  system  can 
then  direct  the  electron  beam  to  the  correct  nodes  to 
determine  the  logic  state  of  the  conductor.  The  sam- 
pling  rate  of  the  beam  is  kept  close  to  the  maximum 
allowable,  for  example,  10  MHz.  This  is  achieved  by 
generating  multiple  beam  pulses  per  trigger  signal 
and  using  high-speed  digital  signal  processing  to  cap- 
ture,  process  and  manipulate  the  resulting  data 
stream  in  conventional  fashion  as  described  above. 
The  logic  waveform  for  a  single  conductor  can  typical- 
ly  be  measured  in  much  less  than  one  second  (but  is 
of  course  still  dependent  on  the  trigger  rate,  which  is 
related  to  the  test  vector  pattern  length).  Thus,  the 
state  of  a  complete  16  or  32-bit  bus  can  be  readily  de- 
termined  in  a  few  seconds.  Once  data  has  been  ac- 
quired,  it  can  be  compared  directly  with  either  similar 
results  from  another  device  or  simulation  and  test 
vectors. 

Shown  in  the  foreground  window  of  figure  7  is  a 
series  of  waveform  images  waveO-  wave!  acquired  at 
corresponding  selected  locations  0  -  7  of  the  speci- 
men  circuit  (icons  representing  probe  locations  1  and 
2,  corresponding  to  waveform  images  wave~\  and 
wave2,  are  not  seen  in  Figure  7  as  they  are  hidden  by 
the  "Logic  Analyzer"  window  in  the  foreground).  Light- 
colored  blocks  at  the  right-hand  portion  of  waveform 
image  wave!  represent  acquired  data  which  is  incon- 
clusive  as  to  whether  the  probed  location  is  at  a  logic 

"1"  or  logic  "0"  state. 
Electron-beam  test  probe  systems  may  be  em- 

ployed  not  only  to  acquire  qualitative  (logic  state)  wa- 
veforms  as  described  above,  but  also  to  acquire 

5  quantitative  (voltage  level,  oranalog)  waveforms.  Fig- 
ure  8  shows  in  schematic  block  form  a  prior-art  exam- 
ple  of  how  this  may  be  done.  The  filter  electrode  120 
of  the  electron-beam  column  is  placed  between  the 
specimen  device  under  test  (DUT)  122  and  the  scin- 

10  tillator  124  of  the  electron-beam  column.  A  voltage  V 
is  applied  to  electrode  120  such  that  the  secondary 
electrons  126  experience  a  retarding  field.  The  num- 
ber  of  electrons  with  sufficient  energy  to  overcome 
the  potential  barrier  presented  by  electrode  120  is 

15  governed  by  the  surface  potential  of  the  specimen 
122.  A  feedback  loop  formed  by  a  gate  132  and  an  in- 
tegrator  134,  and  supplied  by  a  constant-current 
source  130,  is  used  to  vary  the  potential  of  the  filter 
electrode  in  a  manner  that  maintains  constant  the 

20  number  of  electrons  detected  and,  therefore  the  cur- 
rent  of  photomultiplier  tube  (PMT)  128.  Gate  132  is 
closed  once  during  each  beam-pulse  inverval,  so  that 
the  voltage  on  the  filter  electrode  120  tracks  varia- 
tions  in  the  surface  potential  of  the  specimen  122. 

25  An  underlying  premise  of  the  waveform  acquisi- 
tion  techniques  described  above  is  that  the  specimen 
circuit  always  fails  in  exactly  the  same  way,  i.e.,  that 
the  failure  is  repeated  during  each  repetition  of  the 
test  pattern,  or  at  least  during  a  high  enough  percen- 

30  tage  of  the  repetitions  of  the  test  pattern  that  averag- 
ing  of  the  acquired  data  produces  a  waveform  image 
from  which  the  failure  can  be  diagnosed.  In  practice, 
it  has  been  found  that  perhaps  75%-80%  of  IC  fail- 
ures  are  of  this  type. 

35  However,  some  ICs  fail  only  intermittently,  e.g., 
one  or  two  times  out  of  1  0  repetitions  of  the  test  pat- 
tern,  In  such  case,  it  is  important  to  know  whether  ac- 
quired  data  represents  the  expected  ("correct"  or 
"good")  performance  of  the  specimen  circuit  or  repre- 

40  sents  a  "failing"  performance  of  the  specimen  circuit, 
since  averaging  data  from  both  good  and  failing  per- 
formances  often  does  not  provide  a  waveform  image 
useful  in  diagnosing  the  causes  of  the  failing  perfor- 
mances.  Traditionally,  it  has  not  been  possible  to  ad- 

45  dress  this  class  of  problem  with  electron-beam  test 
probe  systems  because  it  is,  by  definition,  not  possi- 
ble  to  cause  the  device  to  fail  repeatedly.  Instead,  en- 
gineers  were  forced  to  change  device  operating  para- 
meters  (such  as  supply  voltage,  operating  speed  or 

so  temperature)  in  such  a  way  that  the  failure  mecha- 
nism  was  not  intermittent.  This  is  time-consuming,  of- 
ten  inconvenient  and  sometimes  impossible. 

A  method  and  an  apparatus  for  acquiring  data 
representing  intermittent  failure  of  a  circuit  is  known 

55  from  EP-A-0  107  040,  which  discloses  the  steps  of: 
(a)  probing  the  circuit  during  application  of  a  pattern 
of  test  vectors  to  the  circuit  to  acquire  data  represent- 
ing  an  operating  parameter  of  the  circuit;  (b)  determin- 

5 
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ing  whether  the  circuit  has  failed  to  operate  in  an  ex- 
pected  manner  in  response  to  the  applied  pattern;  (c) 
repeating  steps  (a)-(b);  and  (d)  summing  the  acquired 
data  from  a  plurality  of  repetitions  of  steps  (a)-(b)  in 
which  the  circuit  is  determined  to  have  failed  to  oper- 
ate  in  the  expected  manner. 

It  is  an  object  of  the  present  invention  to  provide 
a  method  and  an  apparatus  for  acquiring  data  repre- 
senting  intermittent  failure  of  a  specimen  circuit, 
while  rejecting  data  from  good  performances  of  the 
specimen  circuit,  such  that  waveform  images  repre- 
senting  failing  performances  may  be  produced.  Such 
images  can  be  an  invaluable  aid  in  diagnosing  the 
sources  and/or  causes  the  intermittent  failure. 

SUMMARY  OF  THE  INVENTION 

The  invention  is  defined  by  claims  1  and  6,  re- 
spectively.  The  foregoing  and  other  objects  are  at- 
tained  with  embodiments  of  the  method  and  the  ap- 
paratus  of  the  present  invention.  The  present  inven- 
tion  provides  for  a  conditional  signal  acquisition  mode 
which  addresses  this  requirement.  Data  is  acquired  in 
the  normal  manner  on  each  pass  through  the  test  pat- 
tern.  However,  at  the  end  of  each  test  pattern  execu- 
tion  a  pass/fail  signal  from  the  tester  is  used  to  reject 
or  accept  the  data.  In  this  fashion,  it  is  possible  to  ac- 
cumulate  only  that  data  which  carries  information 
about  the  failure  of  interest  and  to  reject  data  which 
does  not.  Over  several  test  pattern  repetitions  it  is 
possible  to  display  only  that  data  which  shows  the  fail- 
ure.  Engineers  are  thus  able  to  efficiently  diagnose 
intermittent  failures  without  the  need  to  change  de- 
vice  operating  parameters. 

The  method  is  preferably  performed  with  the  aid 
of  the  aforementioned  "interlacing"  technique.  The 
method  may  be  used  to  prepare  logic  state  maps 
and/or  analog  waveforms. 

Apparatus  is  also  provided  for  acquiring  data  rep- 
resenting  intermittent  failure  of  a  circuit,  the  appara- 
tus  including  first  and  second  data  storage  buffers, 
and  means  for  (a)  defining  the  first  storage  buffer  as 
a  "good-data"  buffer  and  the  second  data  storage  buf- 
fer  as  a  "temporary-data"  buffer;  (b)  probing  the  cir- 
cuit  during  application  of  a  pattern  of  test  vectors  to 
the  circuit  to  acquire  data  representing  a  quantitative 
potential  measurement  of  a  conductor  within  said  cir- 
cuit;  (c)  adding  the  acquired  data  with  stored  data 
from  the  "good  data"  buffer,  and  storing  the  sum  in  the 
"temporary-data"  buffer;  (d)  determining  whether  the 
circuit  has  failed  to  operate  in  an  expected  manner  in 
response  to  application  of  the  pattern  and,  if  the  cir- 
cuit  has  failed  to  operate  in  the  expected  manner,  re- 
defining  the  second  buffer  as  a  "good-data"  buffer 
and  the  first  buffer  as  a  "temporary-data"  buffer;  and 
(e)  repeating  steps  (b)-(d),  whereby  data  stored  in  the 
"good-data"  buffer  comprises  a  sum  of  acquired  data 
representing  a  quantitative  potential  measurement  of 

a  conductor  within  said  circuit  when  the  circuit  is  fail- 
ing. 

By  testing  whether  the  specimen  circuit  has  op- 
erated  as  expected  during  a  given  repetition  of  the 

5  test  pattern,  and  averaging  only  data  representing 
failing  operation  of  the  specimen  circuit,  it  is  possible 
to  construct  a  waveform  representing  the  intermittent 
failure  of  the  specimen  circuit,  even  where  the  failure 
occurs  only  during  a  very  small  fraction  of  the  test 

10  pattern  repetitions. 
Preferred  embodiments  of  the  method  and  appa- 

ratus  of  the  present  invention  are  described  in  detail 
below  with  reference  to  the  accompanying  drawing,  in 
which: 

15 
BRIEF  DESCRIPTION  OF  THE  DRAWING 

Figure  1  is  a  block  diagram  of  a  prior  art  electron- 
beam  test  probe  system; 

20  Figure  2  is  a  block  diagram  of  a  portion  of  an  elec- 
tron-beam  test  probe  system  configured  in  prior 
art  fashion  for  qualitative  waveform  data  acquisi- 
tion; 
Figure  3  is  a  timing  diagram  illustrating  a  prior  art 

25  method  of  waveform  data  acquisition  with  an 
electron-beam  test  probe  system; 
Figure  4  is  a  timing  diagram  illustrating  a  prior  art 
method  of  "interlacing"  beam  pulses  for  acquisi- 
tion  of  data  at  multiple  points  of  a  waveform  dur- 

30  ing  each  test  pattern  repetition; 
Figures  5  and  6  are  block  diagrams  of  portions  of 
an  electron-beam  test  probe  system  configured 
in  prior  art  fashion  for  asynchronous  or  synchron- 
ous  waveform  data  acquisition; 

35  Figure  7  is  an  example  of  a  prior  art  electron-be- 
am  test  probe  system  display  showing  a  voltage 
contrast  image  of  conductors  of  a  specimen  cir- 
cuit  along  with  waveform  images  representing 
acquired  signals  at  certain  nodes  of  the  specimen 

40  circuit; 
Figure  8  is  a  block  diagram  of  a  portion  of  an  elec- 
tron  beam  test  probe  system  configured  in  prior 
art  fashion  for  acquisition  of  quantitative  wave- 
form  images; 

45  Figure  9  shows  waveforms  illustrating  the  diffi- 
culties  of  acquiring  useful  waveform  images  from 
specimen  circuits  which  exhibit  intermittent  fail- 
ure; 
Figure  10  is  a  block  diagram  of  a  portion  of  an 

so  electron-beam  test  probe  system  configured  in 
accordance  with  the  present  invention  for  acqui- 
sition  of  logic  state  waveform  data  from  a  speci- 
men  circuit  exhibiting  intermittent  failure; 
Figure  11  is  a  flow  chart  of  the  operation  of  the 

55  electron  beam  tester  configured  as  shown  in  Fig- 
ure  10;  and 
Figure  12  is  a  block  diagram  of  a  portion  of  an 
electron-beam  test  probe  system  configured  in 

6 
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accordance  with  the  present  invention  for  acqui- 
sition  of  quantitative  waveform  data  from  a  spe- 
cimen  circuit  exhibiting  intermittent  failure. 

DETAILED  DESCRIPTION  OF  THE  INVENTION 

Figure  9  shows  a  series  of  waveforms  which  illus- 
trate  the  difficulty  of  obtaining  suitable  diagnostic 
data  from  circuits  which  fail  intermittently.  Line  A 
shows  an  expected  waveform  from  a  location  within 
a  specimen  circuit  to  which  a  test  vector  pattern  has 
been  applied.  The  logic  state  changes  from  a  level  Vf 
to  a  level  V2,  and  returns  to  level  Vf.  Line  B  of  Figure 
9  shows  an  example  of  a  possible  waveform  at  the 
same  location  within  the  specimen  during  failure.  If 
the  circuit  under  test  is  failing  50%  of  the  time,  an 
average  of  data  acquired  from  a  number  of  failing  and 
successful  test  pattern  repetitions  might  produce  a 
waveform  such  as  shown  in  line  C  of  Figure  9,  in  which 
the  signal  at  the  location  of  interest  changes  from  a 
level  Vf  to  a  level  midway  between  Vf  and  V2,  and  re- 
turns  to  a  level  Vf.  An  engineer  faced  with  diagnosing 
the  intermittent  failure  of  such  a  chip  might  or  might 
not  detect  the  difference  between  the  signal  on  line 
C  and  the  signal  on  line  A  of  Figure  9. 

However,  if  the  failure  occurs  only  once  out  of 
each  ten  repetitions  of  the  test  pattern,  an  average  of 
a  large  number  of  repetitions  of  the  test  pattern  might 
result  in  a  waveform  image  such  as  illustrated  in  line 
D  of  Figure  9.  In  such  case,  the  waveform  image  rises 
from  a  level  Vf  to  a  level  representing  about  90%  of 
the  difference  between  levels  Vf  and  V2,  and  then  re- 
turns  to  level  Vf.  The  likelihood  of  an  engineer  recog- 
nizing  the  very  slight  difference  between  the  wave- 
form  images  of  lines  Aand  D  of  Figure  9  is  small.  And, 
the  less  frequently  the  intermittent  failure  occurs,  the 
more  difficult  the  engineer's  task  to  discover  subtle 
differences  between  waveform  images  acquired  with 
the  electron-beam  probe  test  system. 

One  embodiment  of  the  present  invention  is  illu- 
strated  in  the  block  diagram  of  Figure  10.  Atrigger  sig- 
nal  from  tester  14  is  provided  to  a  timing  control  circuit 
200  which,  in  turn,  provides  beam  pulse  timing  sig- 
nals  to  the  electro-optics  of  the  electron  beam  column 
in  conventional  fashion.  Signals  (representing  ac- 
quired  data)  from  the  electron  beam  column  are  con- 
verted  to  digital  form  by  an  analog-to-digital  converter 
(ADC)  202,  under  control  of  a  timing  signal  synchron- 
ized  with  the  beam  pulse  timing.  The  digitized  data 
from  ADC  202  is  provided  to  one  input  of  a  conven- 
tional  arithmetic  logic  unit  (ALU)  204.  A  data  storage 
memory  206  is  divided  into  equal  halves;  a  first  data 
buffer  208  and  a  second  data  buffer  21  0.  One  of  data 
buffers  208,  210  is  initially  defined  as  a  "good  data" 
buffer  and  the  other  is  defined  as  a  "temporary-data" 
buffer.  During  a  pass  through  the  test  vector  se- 
quence,  data  in  the  "good-data"  buffer  is  added  to  the 
incoming  data  from  ADC  202  in  ALU  204  and  the  re- 

sult  is  stored  in  the  corresponding  location  in  the 
"temporary-data"  buffer.  At  the  end  of  each  vector  se- 
quence,  a  status  line  from  the  tester  14  is  examined 
to  determine  whether  the  circuit  has  performed  as  ex- 

5  pected  or  has  failed  to  perform  as  expected  in  re- 
sponse  to  the  applied  test  vector  pattern.  If  the  circuit 
"passed"  the  just-completed  test  vector  sequence, 
the  pass/fail  signal  from  the  tester  indicates  that  the 
data  just  acquired  should  be  discarded,  which  is  done 

10  by  simply  continuing  to  treat  the  "good-data"  buffer  as 
the  "good  data"  buffer  and  the  "temporary-data"  buf- 
fer  as  the  "temporary-data"  buffer  during  the  next  cy- 
cle,  since  the  "temporary-data"  buffer  in  this  case 
contains  undesired  information. 

15  If  however,  the  tester  pass/fail  signal  indicates 
that  the  device  under  test  has  failed  the  test  se- 
quence,  the  roles  of  data  buffers  208,  210  are  re- 
versed:  the  "temporary-data"  buffer  becomes  the 
"good-data"  buffer  and  vice-versa  during  the  next  test 

20  cycle.  In  this  manner,  data  samples  can  be  acquired 
at  a  node  in  the  specimen  circuit  under  test  during 
only  those  test  cycles  in  which  the  circuit  failed. 

As  shown  schematically  in  Figure  10,  the 
pass/fail  signal  from  tester  14  is  provided  to  a  com- 

25  munication  interface  212  which  communicates  with  a 
microprocessor  214  of  the  electron  beam  test  probe 
system.  The  communication  interface  212  and  micro- 
processor  214  are  of  conventional  design  and  prefer- 
ably  embodied  in  a  workstation  (such  as  available 

30  from  Sun  Microsystems)  incorporated  in  the  electron- 
beam  test  probe  system.  A  data  buffer  controller  216 
under  control  of  microprocessor  214  provides  control 
signals  to  data  multiplexers  218  and  220  for  purposes 
of  controlling  which  of  data  buffers  208  and  210  is  to 

35  be  treated  as  the  "good-data"  buffer  and  which  of 
data  buffers  208  and  21  0  is  to  be  treated  as  the  "tem- 
porary  data"  buffer  for  a  given  test  pattern  cycle.  A 
data  buffer  address  controller212  receives  timing  in- 
formation  from  timing  control  circuit  200  which  per- 

40  mits  controller  222  to  coordinate  storage  of  data  in 
buffers  208  and  21  0  such  that  stored  data  is  identified 
with  a  particular  point  on  the  waveform  image  to  be 
displayed. 

Figure  11  shows  a  flow  chart  of  the  operation  of 
45  the  configuration  of  Figure  10.  Prior  to  commencing 

the  process  described  in  Figure  11,  operating  para- 
meters  of  the  tester  (such  as  the  test  vector  pattern) 
and  the  electron-beam  test  probe  system  (such  as 
beam  pulse  width,  interlace  ratio,  sampling  rate)  are 

so  established  by  the  user,  and  the  specimen  circuit  (de- 
vice  under  test,  or  DUT)  is  installed  for  test  and  prob- 
ing.  As  the  specimen  circuit  is  exercised  by  applica- 
tion  of  the  test  vector  pattern,  data  acquisition  begins. 
Acquisition  conditions  (such  as  the  electron-beam 

55  pulse  width,  interlace  ratio  and  sampling  rate)  are  set, 
and  one  of  data  buffers  208  and  210  (for  example, 
data  buffer  208)  is  set  as  the  "acquisition"  (or  "good- 
data")  buffer.  Data  is  then  acquired  during  one  pass 
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(or  "repetition")  of  the  test  vector  pattern,  the  newly- 
acquired  data  is  added  to  data  in  the  "good-data"  buf- 
fer  through  suitable  control  of  multiplexers  218  and 
220,  and  the  resulting  sum  is  stored  in  "temporary-da- 
ta"  buffer  (in  this  case,  data  buffer  210). 

The  pass/fail  signal  from  tester  14  is  then 
checked  to  see  whether  the  circuit  under  test  has  per- 
formed  as  expected  or  has  failed  during  application  of 
the  just-completed  test  vector  sequence.  If  the  circuit 
has  performed  as  expected,  buffer  208  remains  the 
"good-data"  buffer  and  buffer  210  remains  the  "tem- 
porary-data"  buffer;  if  the  circuit  has  failed  during  the 
just-completed  cycle,  buffer  210  is  re-defined  as  the 
"good-data"  buffer  and  buffer  208  is  re-defined  as  the 
"temporary-data"  buffer. 

The  test  pattern  is  then  repeated  until  the  data  is 
"complete",  e.g.,  a  predetermined  integer  multiple  of 
complete  interlaced  sample  sets  has  been  acquired 
and  averaged,  so  that  a  waveform  image  can  be  dis- 
played  for  analysis  by  the  engineer.  The  display  may 
be  in  the  form  shown  in  Figure  7. 

Figure  12  is  a  block  diagram  of  a  portion  of  an 
electron-beam  test  probe  system  configured  in  accor- 
dance  with  the  present  invention  for  acquisition  of 
quantitative  waveform  data  from  a  specimen  circuit 
exhibiting  intermittent  failure.  The  filter  electrode  320 
of  the  electron-beam  column  is  placed  between  the 
specimen  device  under  test  (DUT)  322  and  the  scin- 
tillator  324  of  the  electron-beam  column.  A  voltage  V: 
is  applied  to  electrode  320  such  that  the  secondary 
electrons  326  experience  a  retarding  field.  The  num- 
ber  of  electrons  with  sufficient  energy  to  overcome 
the  potential  barrier  presented  by  electrode  320  is 
governed  by  the  surface  potential  of  the  specimen 
322.  Afeedback  loop  formed  by  a  sampling  circuit  330 
samples  the  signal  from  PMT  328  when  the  electron 
beam  is  pulsed  on,  and  maintains  a  fixed  current  out 
of  the  detector  of  PMT  328  to  maintain  voltage  V:  con- 
stant. 

A  preferred  structure  of  the  sampling  circuit  330 
is  shown  in  Figure  12.  An  integrating  analog-to-digital 
converter  (ADC)  334  is  connected  to  the  output  of 
PMT  328,  to  the  output  of  a  constant-current  source 
332,  and  to  a  controller  338.  ADC  334  digitizes  the 
signal  at  its  input  under  control  of  timing  signals  from 
controller  338,  and  supplies  the  digital  output  signal 
to  a  comparison  logic  circuit  336.  Comparison  logic 
circuit  336  receives  control  signals  from  controller 
338  and  digital  feedback  signals  on  line  340  from  the 
output  of  a  digital-to-analog  converter  (DAC)  352  for 
purposes  described  below.  The  comparison  logic  cir- 
cuit  336  performs  a  programmable  rolling  average 
function  by  summing  a  fraction  of  the  input  signal  on 
line  335  from  the  ADC  334  and  a  fraction  of  the  digital 
feedback  signal  on  line  340.  The  programmable  aver- 
aging  value  is  determined  by  the  choice  of  the  frac- 
tional  coefficient;  it  allows  the  user  to  trade  off  loop 
settling  time  against  signal-to-noise  ratio.  If  a  frac- 

tional  coefficient  a  is  applied  to  the  input  signal  on  line 
335  from  the  ADC,  a  fractional  coefficient  1-a  is  ap- 
plied  to  the  digital  feedback  signal  on  line  340.  Digital 
output  signals  from  comparison  logic  336  are  passed 

5  via  a  multiplexer  (MUX)  342  to  a  digital  memory  344. 
Memory  344  may  be  a  32-bit-wide,  5000-word  mem- 
ory,  for  example.  Memory  344  is  divided  into  buffer 
memory  halves  346  and  348  which  receive  address 
control  signals  from  controller  338.  Digital  output  sig- 

10  nals  from  memory  344  are  passed  via  a  multiplexer 
(MUX)  350  to  a  digital-to-analog  converter  (DAC)  352 
which  operates  under  control  of  signals  from  control- 
ler  338.  The  output  of  DAC  352  is  connected  to  filter 
electrode  320  via  a  controlled  impedance  line  354. 

15  Suitable  termination,  such  as  a  75  Q  resistor,  termin- 
ates  filter  electrode  320  to  ground  to  avoid  errors 
caused  by  line  reflections.  Controller  338  has  an  input 
connected  to  receive  a  pass/fail  signal  from  the  tester 
used  to  exercise  the  DUT  322,  indicating  for  each  rep- 

20  etition  of  the  applied  test  vector  pattern  whether  the 
DUT  322  has  or  has  not  performed  as  expected. 

In  operation,  sampling  circuit  330  operates  as 
multiple  control  "loops"  in  parallel.  Each  "loop"  oper- 
ates  on  a  separate  sample  point  in  time,  such  that  all 

25  sample  points  combine  to  show  a  waveform  image  as 
a  function  of  time.  As  with  the  qualitative/logic  imple- 
mentation  of  Figure  10,  one  buffer  (for  example,  buf- 
fer  346)  is  initially  defined  as  a  "good-data"  buffer  and 
the  other  buffer  (for  example,  buffer  348)  is  defined 

30  as  a  "temporary-data"  buffer.  Memory  344  is  prefer- 
ably  a  32-bit-wide  memory  capable  of  storing  two 
times  as  many  digital  "words"  as  there  are  sample 
points  in  the  waveform  image  to  be  acquired.  A  wa- 
veform  image  may  have,  for  example,  5000  sample 

35  points.  Each  time  during  the  test  vector  pattern  at 
which  a  measurement  (sample)  is  to  be  taken  is  as- 
signed  an  address  in  each  of  the  "good-data"  and 
"temporary-data"  buffers.  At  each  time  during  appli- 
cation  of  the  test  vector  pattern,  data  retrieved  from 

40  the  corresponding  address  of  the  "good-data"  buffer 
is  passed  to  DAC  352  and  converted  to  an  analog  sig- 
nal  which  is  applied  to  filter  mesh  320;  the  output  of 
PMT  328  representing  that  time  in  the  test  vector  pat- 
tern  is  digitized  and  passed  (via  logic  336  and  MUX 

45  342)  for  storage  in  the  "temporary-data"  buffer. 
At  the  conclusion  of  one  application  of  the  test 

vector  pattern  to  DUT  322,  the  pass/fail  signal  from 
the  tester  is  examined  by  controller  338.  If  the  DUT 
322  performed  as  expected  in  response  to  the  just- 

50  completed  test  vector  pattern,  the  "good-data"  buffer 
remains  the  "good-data"  buffer  and  the  "temporary- 
data"  buffer  remains  the  "temporary-data"  buffer  for 
the  next  repetition  of  the  cycle.  If  the  DUT  322  has 
failed  to  perform  as  expected  in  response  to  the  just- 

55  completed  test  vector  pattern,  the  "good-data"  buffer 
is  re-defined  as  the  "temporary-data"  buffer  and  the 
"temporary-data"  buffer  is  re-defined  as  the  "good- 
data"  buffer  for  the  next  repetition  of  the  cycle. 

8 
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At  the  conclusion  of  a  suitable  number  of  "failing" 
repetitions,  the  data  in  the  "good-data"  buffer  may  be 
displayed  as  an  analog  waveform  image  in  which  the 
value  at  each  point  of  the  image  represents  the  value 
at  a  given  address  in  the  "good-data"  buffer. 

ADC  334  operates  in  a  conventional  "successive 
approximation"  or  "binary  search"  mode.  In  the  "suc- 
cessive  approximation"  process,  the  previous  stored 
sample  value  is  compared  with  the  new  sample  in 
comparison  logic  336  and  a  new  approximation  is 
generated.  In  "binary  search"  mode,  the  result  to  be 
stored  is  computed  one  binary  bit  at  a  time  starting 
with  the  most  significant  bit  and  working  toward  the 
least  significant  bit.  The  technique  is  also  sometimes 
called  internal  halving,  as  each  successive  bit  has 
half  the  value  of  the  previous  bit. 

Those  of  skill  in  the  art  will  recognize  that  the 
present  invention  is  not  limited  to  the  specific  embodi- 
ments  described  above,  and  that  many  modifications 
are  possible  within  the  invention  as  defined  in  the  fol- 
lowing  claims.  For  example,  the  present  invention 
may  be  practiced  with  any  type  of  probe  system,  in 
single  and/or  multiple  channels,  in  synchronous  or 
asynchronous  acquisition  mode,  and  with  any  data 
processing  configuration  which  allows  retention  and 
averaging  of  data  from  multiple  failing  executions  of 
a  test  vector  pattern  by  an  intermittently  failing  circuit. 

Claims 

1.  A  method  of  acquiring  data  representing  intermit- 
tent  failure  of  a  circuit,  comprising  the  steps  of: 

(a)  defining  a  first  data  storage  buffer  as  a 
good-data  buffer  and  a  second  data  storage 
buffer  as  a  temporary  data  buffer; 
(b)  probing  said  circuit  during  application  of  a 
pattern  of  test  vectors  to  said  circuit  to  acquire 
data  representing  a  quantitative  potential 
measurement  of  a  conductor  within  said  cir- 
cuit; 
(c)  adding  said  acquired  data  to  stored  data 
from  said  good-data  buffer,  and  storing  the 
sum  in  said  temporary  data  buffer; 
(d)  determining  whether  said  circuit  has  failed 
to  operate  in  an  expected  manner  in  response 
to  said  pattern  and,  if  said  circuit  has  failed  to 
operate  in  said  expected  manner,  reversing 
definitions  of  said  good  data  buffer  and  said 
temporary  data  buffer;  and 
(e)  repeating  steps  (b)-(d), 

whereby  data  stored  in  said  good-data  buffer 
comprises  a  sum  of  acquired  data  representing  a 
quantitative  potential  measurement  of  a  conduc- 
tor  within  said  circuit  when  said  circuit  is  failing. 

2.  The  method  of  claim  1  ,  wherein  probing  said  cir- 
cuit  comprises  repeatedly  pulsing  an  electron 

beam  at  a  location  within  said  circuit  and  detect- 
ing  secondary  electron  emission  from  said  circuit 
in  response  to  said  repeated  pulsing  during  at 
least  one  application  of  said  pattern  of  test  vec- 

5  tors  to  said  circuit. 

3.  The  method  of  claim  2,  further  comprising  the 
step  of  displaying  said  summed  data  to  produce 
a  waveform  image  representing  failing  operation 

10  of  said  circuit. 

4.  The  method  of  claim  2,  further  comprising  the 
step  of  displaying  said  summed  data  in  the  form 
of  a  logic  state  map  representing  failing  operation 

15  at  a  location  within  said  circuit. 

5.  The  method  of  claim  1,  further  comprising  the 
step  of  displaying  said  summed  data  in  the  form 
of  an  analog  waveform  image  representing  quan- 

20  titative  potential  levels  at  a  location  within  said 
circuit  during  application  of  said  pattern. 

6.  Apparatus  for  acquiring  data  representing  inter- 
mittent  failure  of  a  circuit,  comprising: 

25  (a)  a  first  data  buffer  initially  defined  as  a 
good-data  buffer  and  a  second  data  buffer  ini- 
tially  defined  as  a  temporary-data  buffer; 
(b)  means  for  probing  said  circuit  during  appli- 
cation  of  a  pattern  of  test  vectors  to  said  cir- 

30  cuit  to  acquire  data  representing  a  quantita- 
tive  potential  measurement  of  a  conductor 
within  said  circuit; 
(c)  means  for  adding  said  acquired  data  to 
stored  data  from  said  good-data  buffer,  and 

35  storing  the  sum  in  said  temporary  data  buffer; 
(d)  means  for  determining  whether  said  circuit 
has  failed  to  operate  in  an  expected  manner 
in  response  to  said  pattern  and,  if  said  circuit 
has  failed  to  operate  in  said  expected  manner, 

40  reversing  the  definitions  of  said  good-data 
buffer  and  said  temporary-data  buffer  where- 
by  data  is  stored  in  said  good-data  buffer 
which  comprises  a  sum  of  acquired  data  rep- 
resenting  a  quantitative  potential  measure- 

45  ment  of  a  conductor  within  said  circuit  when 
said  circuit  is  failing. 

7.  The  apparatus  of  claim  6,  wherein  said  probing 
means  includes  means  for  repeatedly  pulsing  an 

so  electron  beam  at  a  location  within  said  circuit  and 
detecting  secondary  electron  emission  from  said 
circuit  in  response  to  said  repeated  pulsing  during 
at  least  one  application  of  said  pattern  of  test  vec- 
tors  to  said  circuit. 

55 
8.  The  apparatus  of  claim  7,  further  comprising 

means  for  displaying  said  summed  data  to  pro- 
duce  a  waveform  image  representing  failing  op- 

9 
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eration  of  said  circuit. 

9.  The  apparatus  of  claim  7,  further  comprising 
means  for  displaying  said  summed  data  in  the 
form  of  a  logic  state  map  representing  failing  op-  5 
eration  at  a  location  within  said  circuit. 

10.  The  apparatus  of  claim  6,  further  comprising 
means  for  displaying  said  summed  data  in  the 
form  of  an  analog  waveform  image  representing  10 
quantitative  potential  levels  at  a  location  within 
said  circuit  during  application  of  said  pattern. 

11.  The  apparatus  of  claim  6,  wherein 
(a)  said  means  for  probing  comprises  15 

i.  means  for  applying  an  electron  beam 
pulse  to  said  conductor  at  multiple  sam- 
pling  times  during  application  of  a  pattern 
of  test  vectors  to  said  circuit, 
ii.  means  (324,  328)  fordetecting  energy  of  20 
secondary  electrons  from  said  conductor 
and  producing  a  detector  signal  having  a 
level  which  varies  with  energy  of  said  sec- 
ondary  electrons,  and 
iii.  a  filter  electrode  (320)  to  which  a  vol-  25 
tage  may  be  applied  to  produce  a  field  to 
retard  said  secondary  electrons; 

(b)  said  means  for  determining  comprises  in- 
dicating  means  for  indicating  whether  said  cir- 
cuit  has  failed  to  operate  in  an  expected  man-  30 
ner  in  response  to  said  pattern;  and 
(c)  said  means  for  adding  comprises  a  sam- 
pling  circuit  (330)  responsive  to  said  detector 
signal  and  to  said  indicating  means,  the  sam- 
pling  circuit  comprising  35 

i.  means  for  summing,  for  each  said  sam- 
pling  time,  data  representing  the  level  of 
said  detector  signal  from  repeated  appli- 
cations  of  said  pattern  for  which  said  indi- 
cating  means  indicates  that  said  circuit  40 
has  failed  to  operate  in  an  expected  man- 
ner  in  response  to  said  pattern,  said  data 
comprising  acquired  quantitative  wave- 
form  data  representing  intermittent  failure 
of  said  circuit,  wherein  said  summing  45 
means  comprises: 

(a)  means  (332)  for  supplying  a  con- 
stant  current  signal; 
(b)  means  (338)  for  supplying  control 
signals;  50 
(c)  an  integrating  analog-to-digital  con- 
verter  (334),  said  analog-to-digital  con- 
verter  being  responsive  to  said  detec- 
tor  signal,  to  said  constant-current  sig- 
nal,  and  to  control  signals  from  said  55 
control  signal  supplying  means,  and 
producing  a  digital  output  signal; 
(d)  comparison  logic  (336)  responsive 

to  said  digital  output  signal,  to  control 
signals  from  said  control  signal  supply- 
ing  means,  and  to  a  digital  feedback 
signal,  for  summing  a  fraction  of  said 
digital  output  signal  with  a  fraction  of 
said  digital  feedback  signal  to  produce 
a  rolling  average  signal; 
(e)  a  memory  (344)  divided  into  multi- 
word  buffer  memory  halves  (346,  348), 
said  halves  responsive  to  address  con- 
trol  signals  from  said  control  signal 
supplying  means; 
(f)  a  first  multiplexer  (342)  responsive 
to  control  signals  from  said  control  sig- 
nal  supplying  means  for  passing  said 
rolling  average  signal  to  said  memory; 
(g)  a  digital-to-analog  converter  (352) 
responsive  to  control  signals  from  said 
control  signal  supplying  means  and  to 
said  digital  feedback  signal  for  supply- 
ing  said  voltage  (V/)  to  be  applied  to 
said  filter  electrode; 
(h)  a  second  multiplexer  (350)  respon- 
sive  to  control  signals  from  said  control 
signal  supplying  means  and  to  data 
stored  in  said  memory  for  supplying 
said  digital  feedback  signal  to  said 
comparison  logic  and  to  said  digital-to- 
analog  converter,  and 

ii.  means  responsive  to  said  summing 
means  for  applying  a  voltage  (V/)  to  said  fil- 
ter  electrode,  whereby  said  sampling  cir- 
cuit  is  connected  to  form  a  feedback  loop 
from  said  detecting  means  to  said  filter 
electrode,  said  feedback  loop  serving  to 
maintain  a  fixed  current  out  of  the  detect- 
ing  means  to  maintain  said  applied  voltage 
(V/)  constant. 

Patentanspruche 

1.  Ein  Verfahren  zum  Gewinnen  von  Daten,  die  in- 
termittierendes  Versagen  einer  Schaltung  repra- 
sentieren,  umfassend  die  Schritte: 

(a)  Definieren  eines  ersten  Datenspeicher- 
puffers  als  einen  guten  Datenpufferund  eines 
zweiten  Datenspeicherpuffers  als  einen  zeit- 
weiligen  Datenpuffer; 
(b)  Sondieren  der  Schaltung  wahrend  des  An- 
legens  eines  Musters  von  Testvektoren  an  die 
Schaltung  zum  Gewinnen  von  Daten,  die  eine 
quantitative  Potentialmessung  eines  Leiters 
innerhalb  der  Schaltung  reprasentieren; 
(c)  Addieren  der  gewonnenen  Daten  zu  ge- 
speicherten  Daten  aus  dem  guten  Datenspei- 
cher,  und  Abspeichern  der  Summe  in  dem 
zeitweiligen  Datenspeicher; 

10 
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(d)  Bestimmen,  ob  die  Schaltung  versagt  hat 
in  einererwarteten  Weise  in  Reaktion  auf  das 
Musterzu  funktionieren,  und,  wenn  die  Schal- 
tung  versagt  hat,  in  der  erwarteten  Weise  zu 
funktionieren,  Reversieren  der  Definitionen  5 
des  guten  Datenspeichers  und  des  zeitweili- 
gen  Datenspeichers;  und 
(e)  Wiederholen  der  Schritte  (b)-(d), 
wodurch  Daten,  abgespeichert  in  dem  guten 
Datenpuffer,  eine  Summe  von  gewonnenen  10 
Daten  umfalit,  die  eine  quantitative  Potential- 
messung  eines  Leiters  innerhalb  der  Schal- 
tung  reprasentieren,  wenn  die  Schaltung  ver- 
sagt. 

15 
Das  Verfahren  nach  Anspruch  1,  bei  dem  das 
Sondieren  der  Schaltung  das  wiederholte  Pulsie- 
ren  eines  Elektronenstrahles  an  einer  Stelle  in- 
nerhalb  der  Schaltung  umfalit,  und  das  Erfassen 
von  Sekundarelektronenemission  von  der  Schal-  20 
tung  in  Reaktion  auf  das  wiederholte  Pulsieren 
wahrend  zumindest  eines  Anlegens  des  Musters 
von  Testvektoren  an  die  Schaltung. 

Das  Verfahren  nach  Anspruch  2,  ferner  umfas-  25 
send  den  SchrittderWiedergabe  dersummierten 
Daten  zum  Erzeugen  einer  Wellenformabbil- 
dung,  welche  das  versagende  Funktionieren  der 
Schaltung  reprasentiert. 

30 
Das  Verfahren  nach  Anspruch  2,  ferner  umfas- 
send  den  SchrittderWiedergabe  dersummierten 
Daten  in  der  Form  einer  Logikzustandsmappe, 
die  das  versagende  Funktionieren  an  einer  Stelle 
innerhalb  der  Schaltung  reprasentiert.  35 

Das  Verfahren  nach  Anspruch  1  ,  ferner  umfas- 
send  den  SchrittderWiedergabe  dersummierten 
Daten  in  der  Form  einer  analogen  Wellenformab- 
bildung,  welche  quantitative  Potentialpegel  an  ei-  40 
ner  Stelle  innerhalb  der  Schaltung  wahrend  des 
Anlegens  des  Musters  reprasentiert. 

Vorrichtung  furdas  Gewinnen  von  Daten,  die  das 
intermittierende  Versagen  einer  Schaltung  repra-  45 
sentieren,  umfassend: 

(a)  einen  ersten  Datenpuffer,  der  anfanglich 
als  ein  guter  Datenpuffer  definiert  wird,  und 
einen  zweiten  Datenpuffer,  der  ursprunglich 
als  ein  zeitweiliger  Datenpuffer  definiert  wird;  50 
(b)  Mittel  fur  das  Sondieren  der  Schaltung 
wahrend  des  Anlegens  eines  Musters  von 
Testvektoren  an  die  Schaltung  zum  Gewin- 
nen  von  Daten,  die  eine  quantitative  Potenti- 
almessung  eines  Leiters  innerhalb  der  Schal-  55 
tung  reprasentieren; 
(c)  Mittel  fur  das  Addieren  der  gewonnenen 
Daten  zu  abgespeicherten  Daten  aus  dem  gu- 

ten  Datenpuffer,  und  Abspeichern  der  Summe 
in  dem  temporaren  Datenpuffer; 
(d)  Mittel  fur  das  Bestimmen,  ob  die  Schal- 
tung  versagt  hat  in  einererwarteten  Weise  in 
Reaktion  auf  das  Muster  zu  funktionieren, 
und,  falls  die  Schaltung  versagt  hat,  in  der  er- 
warteten  Weise  zu  funktionieren,  Reversie- 
ren  der  Definitionen  des  guten  Datenpuffers 
und  des  zeitweiligen  Datenpuffers,  wodurch 
Daten  in  dem  guten  Datenpuffer  abgespei- 
chert  werden,  die  eine  Summe  von  gewonne- 
nen  Daten,  welche  quantitative  Potentialmes- 
sungen  eines  Leiters  innerhalb  der  Schaltung 
reprasentieren,  wenn  die  Schaltung  versagt, 
umfassen. 

7.  Die  Vorrichtung  nach  Anspruch  6,  bei  der  das 
Sondierungsmittel  Mittel  umfalit  fur  das  wieder- 
holte  Pulsieren  eines  Elektronenstrahls  an  einer 
Stelle  innerhalb  der  Schaltung,  und  Erfassen  der 
Sekundarelektronenemission  von  der  Schaltung 
in  Reaktion  auf  das  wiederholte  Pulsieren  wah- 
rend  zumindest  eines  Anlegens  des  Musters  von 
Testvektoren  an  die  Schaltung. 

8.  Die  Vorrichtung  nach  Anspruch  7,  ferner  umfas- 
send  Mittel  furdas  Wiedergeben  dersummierten 
Daten  zum  Erzeugen  einer  Wellenformabbil- 
dung,  welche  den  versagenden  Betrieb  der 
Schaltung  reprasentieren. 

9.  Die  Vorrichtung  nach  Anspruch  7,  ferner  umfas- 
send  Mittel  fur  die  Wiedergabe  der  summierten 
Daten  in  der  Form  einer  Logikzustandsmappe, 
die  den  versagenden  Betrieb  an  einer  Stelle  in- 
nerhalb  der  Schaltung  reprasentiert. 

10.  Die  Vorrichtung  nach  Anspruch  6,  ferner  umfas- 
send  Mittel  fur  die  Wiedergabe  der  summierten 
Daten  in  der  Form  einer  analogen  Wellenformab- 
bildung,  die  quantitative  Potentialpegel  an  einer 
Stelle  innerhalb  der  Schaltung  wahrend  des  An- 
legens  des  Musters  reprasentiert. 

11.  Die  Vorrichtung  nach  Anspruch  6,  bei  der 
(a)  die  Mittel  fur  das  Sondieren  umfassen: 

i.  Mittel  furdas  Anlegen  eines  Elektronen- 
strahlimpulses  an  den  Leiterzu  mehreren 
Probezeiten  wahrend  des  Anlegens  eines 
Musters  von  Testvektoren  an  die  Schal- 
tung, 
ii.  Mittel  (324,  328)  fur  das  Erfassen  der 
Energie  von  Sekundarelektronen  von  dem 
Leiter  und  Erzeugen  eines  Detektorsi- 
gnals  mit  einem  Pegel,  der  sich  mit  der 
Energie  der  Sekundarelektronen  andert, 
und 
iii.  eine  Filterelektrode  (320),  an  die  eine 
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Spannung  anlegbar  ist  zum  Erzeugen  ei- 
nes  Feldes  zur  Verzogerung  der  Sekun- 
darelektronen; 

(b)  die  Mittel  fur  die  Bestimmung  Indikations- 
mittel  umfassen  fur  das  Indizieren,  ob  die  5 
Schaltung  versagt  hat,  in  einer  erwarteten 
Weise  in  Reaktion  auf  das  Muster  zu  arbeiten; 
und 
(c)  die  Mittel  fur  das  Addieren  eine  Abtast- 
schaltung  (330)  umfassen,  die  auf  das  Detek-  10 
torsignal  und  die  Indikationsmittel  anspricht, 
welche  Abtastschaltung  umfalit 

i.  Mittel  furdas  Summieren  f  ur  jede  der  Ab- 
tastzeiten  von  Daten,  welche  den  Pegel 
des  Detektorsignals  von  wiederholten  An-  15 
legungen  des  Musters  reprasentieren,  fur 
die  die  Indizierungsmittel  indizieren,  dali 
die  Schaltung  versagt  hat,  in  einererwar- 
teten  Weise  in  Reaktion  auf  das  Muster  zu 
arbeiten,  welche  Daten  gewonnenene  20 
quantitative  Wellenformdaten  umfassen, 
die  intermittierendes  Versagen  der  Schal- 
tung  reprasentieren,  wobei  die  Summier- 
mittel  umfassen: 

(a)  Mittel  (332)  fur  die  Lieferung  eines  25 
Konstantstromsignals; 
(b)  Mittel  (338)  fur  die  Lieferung  von 
Steuersignalen; 
(c)  einen  integrierenden  Analog-Digi- 
tal-Umsetzer  (334),  welcher  Analog-  30 
Digital-UmsetzeraufdasDetektorsignal, 
auf  das  Konstantstromsignal  und  auf 
Steuersignale  von  den  Steuersignal- 
liefermitteln  reagiert,  und  ein  digitales 
Ausgangssignal  erzeugt;  35 
(d)  Vergleichslogik  (336),  die  anspricht 
auf  das  digitale  Ausgangssignal,  auf 
Steuersignale  von  den  Steuersignal- 
liefermitteln  und  auf  ein  digitales  Ruck- 
kopplungssignal  furdas  Summieren  ei-  40 
nes  Bruchteils  des  digitalen  Ausgangs- 
signals  mit  einem  Bruchteil  des  digita- 
len  Ruckkopplungssignals  zum  Erzeu- 
gen  eines  rollierenden  Mittelwertsi- 
gnals;  45 
(e)  einen  Speicher  (344),  unterteilt  in 
Mehrwortpufferspeicherhalften  (346, 
348),  welche  Halften  auf  Adrelisteuer- 
signale  von  den  Steuersignalliefer- 
mitteln  reagieren;  50 
(f)  einen  ersten  Multiplexer  (342),  der  auf 
Steuersignale  von  den  Steuersignal- 
liefermitteln  reagiert,  furdas  Uberfuh- 
ren  des  rollierenden  Durchschnittsi- 
gnals  zu  dem  Speicher;  55 
(g)  einen  Digital-Analog-Umsetzer 
(352),  der  auf  Steuersignale  von  den 
Steuersignalliefermitteln  reagiert,  und 

auf  das  digitale  Ruckkopplungssignal 
furdie  Lieferung  derSpannung  (Vj),  die 
an  die  Filterelektrode  anzulegen  ist; 
(h)  einen  zweiten  Multiplexer  (350),  der 
auf  Steuersignale  von  den  Steuersi- 
gnalliefermitteln  und  auf  Daten,  abge- 
speichert  in  dem  Speicher,  reagiert  fur 
die  Lieferung  des  digitalen  Ruckkopp- 
lungssignals  an  die  Vergleichslogik 
und  an  den  DigitalAnalog-Umsetzer, 
und 

ii.  Mittel,  die  auf  die  Summiermittel  reagie- 
ren  furdas  Anlegen  einerSpannung  (Vj)  an 
die  Filterelektrode,  wodurch  die  Abtast- 
schaltung  angeschlossen  ist  zur  Bildung 
einer  Ruckkopplungsschleife  von  den  Er- 
fassungsmitteln  zu  der  Filterelektrode, 
welche  Ruckkopplungsschleife  dazu 
dient,  einen  festen  Strom  aus  den  Detek- 
tormitteln  aufrecht  zu  erhalten  zum  Kon- 
stanthalten  derangelegten  Spannung  (Vj). 

Revendications 

1.  Procede  d'acquisition  de  donnees  representant 
une  panne  intermittente  d'un  circuit,  comprenant 
les  eta  pes  qui  consistent  a: 

(a)  def  inir  une  premiere  memoire  tampon  pour 
le  stockage  de  donnees  en  tant  que  memoire 
tampon  de  don  nee  correcte  et  une  seconde 
memoire  tampon  pour  le  stockage  de  don- 
nees  en  tant  que  memoire  tampon  de  donnee 
temporaire; 
(b)  sonder  le  circuit  pendant  Implication 
d'une  sequence  de  vecteurs  d'essai  au  circuit 
afin  d'acquerirdes  donnees  representant  une 
mesure  quantitative  de  potentiel  d'un  conduc- 
teur  dans  ledit  circuit; 
(c)  additionner  ladite  donnee  acquise  a  la  don- 
nee  stockee  provenant  de  ladite  memoire 
tampon  de  donnee  correcte,  et  stacker  la 
somme  dans  ladite  memoire  tampon  de  don- 
nee  temporaire; 
(d)  determiner  si  ledit  circuit  n'a  pas  fonction- 
ne  de  la  maniere  attendue  en  reponse  a  ladite 
sequence  et,  si  ledit  circuit  n'a  pas  fonctionne 
de  la  maniere  attendue,  inverser  les  defini- 
tions  de  ladite  memoire  tampon  de  donnee 
correcte  et  de  ladite  memoire  tampon  de  don- 
nee  temporaire;  et 
(e)  repeter  les  etapes  (b)-(d), 
de  sorte  que  la  donnee  stockee  dans  ladite 
memoire  tampon  de  donnee  correcte 
comprend  une  somme  de  donnees  acquises 
representant  une  mesure  quantitative  de  po- 
tentiel  d'un  conducteur  dans  ledit  circuit  lors- 
que  ledit  circuit  est  defaillant. 
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Pro-cede  selon  la  revendication  1,  dans  lequel  le 
sondage  dudlt  circuit  consiste  a  appliquerdes  im- 
pulsions  repetees  d'un  faisceau  d'electrons  en  un 
point  dudit  circuit  et  a  detecter  une  emission 
d'electrons  secondaires  provenant  dudit  circuit  5 
en  reponse  auxdites  impulsions  repetees  pen- 
dant  au  moins  une  application  de  ladite  sequence 
de  vecteurs  d'essai  audit  circuit. 

Precede  selon  la  revendication  2,  comprenant  en  10 
outre  I'etape  qui  consiste  a  aff  icher  lesdites  don- 
nees  sommees  pour  produire  I'image  d'une  for- 
me  d'onde  representant  le  fonctionnement  defail- 
lant  du  circuit. 

15 
Precede  selon  la  revendication  2,  comprenant  en 
outre  I'etape  qui  consiste  a  aff  icher  lesdites  don- 
nees  sommees  sous  la  forme  d'une  carte  d'etats 
logiques  representant  le  fonctionnement  defail- 
lant  en  un  point  dudit  circuit.  20 

Precede  selon  la  revendication  1  ,  comprenant  en 
outre  I'etape  qui  consiste  a  aff  icher  lesdites  don- 
nees  sommees  sous  la  forme  de  I'image  d'une 
forme  d'onde  analogique  representant  des  ni-  25 
veaux  quantitatifs  de  potentiel  en  un  point  du  cir- 
cuit  pendant  I'application  de  ladite  sequence. 

Dispositif  pour  acquerir  des  donnees  represen- 
tant  une  defaillance  intermittente  d'un  circuit,  30 
comprenant: 

(a)  une  premiere  memoire  tampon  initiale- 
ment  def  inie  comme  etant  une  memoire  tam- 
pon  de  donnee  correcte  et  une  seconde  me- 
moire  tampon  initialement  definie  comme  35 
etant  memoire  tampon  de  donnee  temporaire; 
(b)  un  moyen  pour  sonder  le  circuit  pendant 
I'application  d'une  sequence  de  vecteurs 
d'essai  au  circuit  af  in  d'acquerir  des  donnees 
representant  une  mesure  quantitative  de  po-  40 
tentiel  d'un  conducteur  dans  le  circuit; 
(c)  un  moyen  pour  additionner  lesdites  don- 
nees  acquises  a  la  donnee  stockee  provenant 
de  ladite  memoire  tampon  de  donnee  correc- 
te,  et  stacker  la  somme  dans  ladite  memoire  45 
tampon  de  donnee  temporaire; 
(d)  un  moyen  pour  determiner  si  ledit  circuit 
n'a  pas  fonctionne  de  la  maniere  attendue  en 
reponse  a  ladite  sequence  et,  si  ledit  circuit 
n'a  pas  fonctionne  de  la  maniere  attendue,  in-  50 
verser  les  definitions  de  ladite  memoire  tam- 
pon  de  donnee  correcte  et  de  ladite  memoire 
tampon  de  donnee  temporaire  de  facon  que  la 
donnee  stockee  dans  la  memoire  tampon  de 
donnee  correcte  soit  constitute  d'une  somme  55 
de  donnees  acquises  representant  une  mesu- 
re  quantitative  de  potentiel  d'un  conducteur 
dans  ledit  circuit  lorsque  ledit  circuit  est  defail- 

lant. 

7.  Dispositif  selon  la  revendication  6,  dans  lequel  le- 
dit  moyen  de  sondage  comporte  un  moyen  pour 
appliquer  des  impulsions  repetees  d'un  faisceau 
d'electrons  en  un  point  dudit  circuit  et  detecter 
remission  d'electrons  secondaires  par  ledit  cir- 
cuit  en  reponse  a  ladite  application  d'impulsions 
repetees  pendant  au  moins  une  application  de  la- 
dite  sequence  de  vecteurs  d'essai  audit  circuit. 

8.  Dispositif  selon  la  revendication  7,  comprenant 
en  outre  un  moyen  pour  afficher  lesdites  don- 
nees  sommees  pour  produire  I'image  d'une  for- 
me  d'onde  representant  le  fonctionnement  defail- 
lant  dudit  circuit. 

9.  Dispositif  selon  la  revendication  7,  comprenant 
en  outre  un  moyen  pour  afficher  lesdites  don- 
nees  sommees  sous  la  forme  d'une  carte  d'etats 
logiques  representant  le  fonctionnement  defail- 
lant  en  un  point  dudit  circuit. 

10.  Dispositif  selon  la  revendication  6,  comprenant 
en  outre  un  moyen  pour  afficher  lesdites  don- 
nees  sommees  sous  la  forme  de  I'image  d'une 
forme  d'onde  analogique  representant  des  ni- 
veaux  quantitatifs  de  potentiel  en  un  point  dudit 
circuit  pendant  I'application  de  ladite  sequence. 

11.  Dispositif  selon  la  revendication  6,  dans  lequel  : 
(a)  ledit  moyen  de  sondage  comprend: 

i.  un  moyen  pour  appliquer  une  impulsion 
de  faisceau  d'electrons  audit  conducteur  a 
des  instants  d'echantillonnage  multiples 
pendant  I'application  d'une  sequence  de 
vecteurs  d'essai  audit  circuit, 
ii.  un  moyen  (324,  328)  pour  detecter 
I'energie  d'electrons  secondaires  prove- 
nant  dudit  conducteur  et  pour  produire  un 
signal  de  detecteur  ayant  un  niveau  qui  va- 
rie  en  fonction  de  I'energie  desdits  elec- 
trons  secondaires,  et 
iii.  une  electrode  (320)  de  f  iltrage  a  laquel- 
le  une  tension  peut  etre  appliquee  pour 
produire  un  champ  af  in  de  retarder  lesdits 
electrons  secondaires; 

(b)  ledit  moyen  de  determination  comprend  un 
moyen  indicateur  pour  indiquer  si  ledit  circuit 
n'a  pas  fonctionne  de  la  maniere  attendue  en 
reponse  a  ladite  sequence;  et 
(c)  ledit  moyen  d'addition  comprend  un  circuit 
(330)  d'echantillonnage  sensible  audit  signal 
de  detecteur  et  audit  moyen  indicateur,  ledit 
circuit  d'echantillonnage  comprenant: 

i.  un  moyen  pour  sommer,  a  chacun  des- 
dits  instants  d'echantillonnage,  des  don- 
nees  representant  le  niveau  dudit  signal 
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de  detecteur  provenant  d'applications  re- 
petees  de  ladite  sequence  lors  desquelles 
ledit  moyen  indicateur  indique  que  ledit  cir- 
cuit  n'a  pas  fonctionne  de  la  maniere  at- 
tendue  en  reponse  a  ladite  sequence,  les-  5 
dites  donnees  comprenant  des  donnees 
de  formes  d'onde  quantitatives  acquises 
representant  une  defaillance  intermittente 
dudit  circuit,  ledit  moyen  de  sommation 
comprenant:  10 

(a)  un  moyen  (332)  pour  appliquer  un 
signal  de  courant  constant; 
(b)  un  moyen  (338)  pour  appliquer  des 
signaux  de  commande; 
(c)  un  convertisseur  (334)  analogique-  15 
numerique  d'integration,  ledit  conver- 
tisseur  analogique-numerique  etant 
sensible  audit  signal  de  detecteur,  au- 
dit  signal  de  courant  constant  et  aux- 
dits  signaux  de  commande  provenant  20 
dudit  moyen  d'application  de  signal  de 
commande,  et  produisant  un  signal  de 
sorte  numerique; 
(d)  un  circuit  logique  (336)  de  compa- 
raison  sensible  audit  signal  de  sortie  25 
numerique,  auxdits  signaux  de 
commande  provenant  dudit  moyen 
d'application  de  signal  de  commande, 
et  a  un  signal  de  retroaction  numeri- 
que,  pour  sommer  une  fraction  dudit  si-  30 
gnal  de  sortie  numerique  avec  une 
fraction  dudit  signal  de  retroaction  nu- 
merique  pour  produire  un  signal  de 
moyenne  glissante; 
(e)  une  memoire  (344)  divisee  en  moi-  35 
ties  (346,  348)  de  memoire  tampon  a 
mots  multiples,  lesdites  moities  etant 
sensibles  a  des  signaux  de  commande 
d'adresse  provenant  dudit  moyen  d'ap- 
plication  de  signal  de  commande;  40 
(f)  un  premier  multiplexeur  (342)  sensi- 
ble  a  des  signaux  de  commande  prove- 
nant  dudit  moyen  d'application  de  si- 
gnal  de  commande  pour  transferer  le- 
dit  signal  de  moyenne  glissante  vers  la-  45 
dite  memoire; 
(g)  un  convertisseur  (352)  numerique- 
analogique  sensible  a  des  signaux  de 
commande  provenant  dudit  moyen 
d'application  de  signal  de  commande  50 
et  audit  signal  de  retraoaction  numeri- 
que  pour  fournir  ladite  tension  (Vj)  de- 
vant  etre  appliquee  a  ladite  electrode 
de  f  iltrage; 
(h)  un  second  muliplexeur  (350)  repon-  55 
dant  a  des  signaux  de  commande  pro- 
venant  dudit  moyen  d'application  de  si- 
gnal  de  commande  et  a  des  donnees 

stockees  dans  ladite  memoire  en  four- 
nissant  ledit  signal  de  retroaction  nu- 
merique  audit  circuit  logique  de  compa- 
raison  et  audit  convertisseur  numeri- 
que-analogique,  et 

ii.  un  moyen  repondant  audit  moyen  de 
sommation  en  appliquant  une  tension  (Vj) 
a  ladite  electrode  de  f  iltrage,  de  telle  sorte 
que  ledit  circuit  d'echantillonnage  soit 
connecte  de  facon  a  former  une  boucle  de 
retroaction  entre  ledit  moyen  de  detection 
et  ladite  electrode  def  iltrage,  ladite  boucle 
de  retroaction  servant  a  maintenir  un  cou- 
rant  fixe  a  la  sortie  du  moyen  de  detection 
pour  maintenir  constante  ladite  tension 
(Vj)  appliquee. 
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