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Description 

[0001]  The  present  invention  relates  to  a  scanning 
probe  microscope. 
[0002]  In  the  present  invention,  the  words  "slightly  ir- 
regular  surface  state"  includes,  for  example,  a  state 
where  fine  particles  are  adhered  on  a  surface,  a  condi- 
tion  where  fine  or  micro  projections  and  fine  or  micro 
pits  are  present,  an  abnormal  condition  caused  by  a 
crystal  defect  or  the  like.  Further,  the  term  "analyzer 
such  as  a  scanning  probe  microscope"  is  meant  to  in- 
clude  an  observing  apparatus,  an  analyzing  apparatus, 
an  examining  apparatus  and  an  evaluating  apparatus, 
each  having  an  atomic  force  microscope  (AFM),  a  scan- 
ning  tunnel  microscope  (STM),  a  magnetic  force  micro- 
scope  (MFM)  or  the  like. 
[0003]  In  the  manufacture  of  VLSIs,  typically  a  4Mbit- 
or  16Mbit-DRAM,  the  production  yield  is  known  to  al- 
most  depend  upon  failures  attributable  to  slightly  irreg- 
ular  surface  states,  such  as  fine  particles  adhering  to  a 
wafer.  This  is  because  with  increasingly  miniaturizing 
pattern  width  slightly  irregular  surface  states  which  have 
not  been  considered  critical  come  to  play  the  role  of  con- 
taminants.  In  general,  the  size  of  a  slightly  irregular  sur- 
face  state  herein  in  question  is  considered  as  small  as 
the  minimum  interconnection  line  width  of  a  VLSI  to  be 
manufactured  reduced  by  a  factor  of  several.  From  this, 
in  the  manufacture  of  a  16Mbit-DRAM  of  which  the  min- 
imum  interconnection  line  width  is  0.5  u.  m  a  slightly  ir- 
regular  surface  state  of  the  order  of  0.  1  u.  m  diameter  is 
concerned  with.  Such  a  slightly  irregular  surface  state 
acts  as  a  contaminant  and  hence  is  responsible  for 
break,  shortcircuiting  of  a  circuit  pattern  or  the  like.  This 
leads  to  products  prone  to  failure,  hence,  products  of 
degraded  reliability  and  quality.  For  that  reason,  in  im- 
proving  the  production  yield  it  is  a  critical  point  that  the 
realities  of  slightly  irregular  surface  states,  for  examle  in 
what  conditions  they  adhere  to  a  sample,  be  grasped 
and  controlled  by  quantitative  measurement  and  analy- 
sis  with  high  precision. 
[0004]  As  the  means  to  accomplishing  this  end,  a  par- 
ticle  detector  has  been  conventionally  used  which  is  ca- 
pable  of  detecting  a  slightly  irregular  surface  state 
present  on  a  surface  of  a  flat  sample  such  as  a  silicon 
wafer.  Examples  of  such  conventional  particle  detectors 
include  IS-2000  and  LS-6000,  products  of  Hitachi  Den- 
shi  Engineering  Ltd.,  SURFSCAN  6200,  a  product  of 
Tencor  Co.  ,  USA,  and  WIS-9000,  a  product  of  Estek  Co.  , 
USA.  The  measuring  principle  underlying  these  particle 
detectors  and  the  system  configuration  for  realizing 
these  detectors  are  described  in  detail  in,  for  example, 
"Technology  for  analyzing  and  evaluating  high  perform- 
ance  semiconductor  processes"  edited  by  Semiconduc- 
tor  substrate  technology  studies,  published  by  REALIZE 
Co.,  Ltd.,  pp.  111-129. 
[0005]  Fig.  1  1  shows  the  results  of  a  measurement  on 
slightly  irregular  surface  states  (each  larger  than  0.1  u. 
m  in  size)  present  on  an  existing  6  in.  silicon  wafer.  In 

Fig.  1  1  the  circle  represents  the  contour  of  the  wafer  and 
the  points  in  the  circle  correspond  to  the  locations  of  the 
slightly  irregular  surface  states. 
[0006]  As  seen  from  Fig.  1  1  ,  however,  the  convention- 

5  al  particle  detector  merely  provides  such  information  as 
the  locations  and  distribution  of  particle  sizes  of  slightly 
irregular  surface  states  present  on  a  surface  of  the  sam- 
ple  such  as  a  silicon  wafer  and  cannot  identify  the  real- 
ities  of  the  slightly  irregular  surface  states,  for  example 

10  what  forms  each  slightly  irregular  surface  state. 
[0007]  Also,  there  has  been  conventionally  used  a 
scanning  probe  microscope  having  a  high  resolution 
power,  such  as  a  atomic  force  microscope  or  a  scanning 
tunnel  microscope,  to  observe  the  three-dimensional 

is  microscopic  shapes  of  slightly  irregular  surface  states 
on  a  surface  of  a  flat  sample  such  as  a  silicon  wafer. 
[0008]  The  atomic  force  microscope  is  a  device  to  ob- 
serve  the  three-dimensional  shape  of  a  surface  of  a 
sample  by  bringing  nearthe  surface  of  the  sample  a  pro- 

20  jecting  pyramid  probe  needle  such  as  of  Si3N4  mounted 
on  the  tip  of  a  cantilever,  scanning  the  sample  in  x-y 
plane  while  adjusting  the  level  z  of  the  sample  so  as  to 
keep  the  Van  der  Waals  force  exerted  between  the  sam- 
ple  and  the  probe  needle  constant  (typically  about 

25  10"9N),  and  monitoring  z-axis  control  signals  fed  in  the 
scanning  operation. 
[0009]  Fig.  12  illustrates  the  basic  configuration  of  a 
conventional  atomic  force  microscope  (for  example,  Na- 
noScope  AFM  produced  by  Digital  Instrument  Co.)  for 

30  use  in  observing  a  surface  of  a  sample  such  as  a  silicon 
wafer.  In  Fig.  12a  probe  needle  1  for  scanning  a  surface 
of  a  sample  2  is  a  pyramid-like  projection  of  Si3N4 
mounted  on  the  tip  of  a  cantilever  3.  When  the  probe 
needle  1  is  brought  near  the  sample  2,  the  cantilever  3 

35  is  bent  because  of  the  repulsive  force  produced  by  mu- 
tual  contact  of  atoms.  The  degree  of  bending  of  the  can- 
tilever  3  is  proportional  to  the  atomic  force  exerted  be- 
tween  the  probe  needle  1  and  the  sample  2.  The  bend- 
ing  of  the  cantilever  3  is  detected  by  utilizing  the  varia- 

40  tion  in  the  reflecting  direction  of  bending  detection  laser 
beam  4  emitted  from  a  laser  light  source  5  comprising 
a  light-emitting  device  such  as  a  semiconductor  laser 
and  illuminated  onto  the  reflecting  surface  of  the  canti- 
lever  3.  This  is  referred  to  as  "optical  lever  method". 

45  Light  reflected  by  the  cantilever  3  is  detected  by  a  light- 
receiving  device  6  such  as  a  photodiode.  While  control- 
ling  the  level  of  the  sample  so  as  to  keep  the  bending  of 
the  cantilever  3  constant,  the  sample  is  scanned  in  x-y 
plane  by  operating  an  xyz  stirring  actuator  7  to  measure 

so  the  three-dimensional  shape  of  the  surface  of  the  sam- 
ple.  Control  signals  applied  to  the  actuator  7  for  the 
movement  along  each  axis  in  this  scanning  operation 
are  input  to  a  microcomputer,  graphically  processed  and 
displayed  as  the  results  of  the  three-dimensional  meas- 

55  urement  on  the  sample  surface. 
[0010]  The  scanning  tunnel  microscope  (STM)  is  a 
device  for  observing  the  three-dimensional  shape  of  a 
surface  of  a  sample  by  bringing  a  metallic  probe  needle 
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very  near  (about  1  nm)  the  sample,  scanning  the  sample 
in  x-y  plane  with  the  metallic  needle  while  controlling  the 
level  z  of  the  sample  so  as  to  keep  the  tunnel  current 
flowing  between  the  sample  and  the  needle  constant, 
and  monitoring  control  signals  applied  for  the  movement 
of  the  sample  along  z  axis  in  this  scanning  operation. 
[0011]  Fig.  13  illustrates  the  basic  configuration  of  a 
conventional  scanning  tunnel  microscope  (for  example, 
Nano  Scope  STM  produced  by  Digital  Instrument  Co.) 
for  use  in  observing  a  surface  of  a  sample  such  as  a 
silicon  wafer.  In  Fig.  13  a  metallic  probe  needle  21  for 
scanning  a  surface  of  a  sample  2  comprises,  for  exam- 
ple,  tungsten  filament  and  is  shaped  acute  at  the  tip 
thereof  by  electropolishing.  A  bias  voltage  is  applied 
across  the  probe  needle  21  and  the  sample  2  from  a  DC 
power  source  23. 
[0012]  In  the  three-dimensional  measurement  of  the 
sample  surface,  the  metallic  probe  needle  21  applied 
with  bias  voltage  is  brought  near  the  surface  of  the  sam- 
ple  by  means  of  an  xyz  stirring  actuator  27  so  as  to  allow 
a  tunnel  current  of  a  predetermined  magnitude  to  flow 
between  the  two,  the  tunnel  current  being  measured  and 
controlled  by  an  ammeter  24.  In  turn,  while  controlling 
the  level  z  of  the  metallic  probe  needle  21  so  as  to  keep 
the  magnitude  of  the  tunnel  current  constant,  the  probe 
needle  21  is  made  to  scan  the  sample  in  x-y  plane  by 
means  of  the  xyz  stirring  actuator  27.  Control  signals 
applied  to  the  actuator  27  for  the  movement  along  each 
axis  in  this  scanning  operation  are  input  to  a  microcom- 
puter,  graphically  processed  and  displayed  as  the  re- 
sults  of  the  three-dimensional  measurement  on  the 
sample  surface. 
[0013]  Incidentally,  the  conventional  atomic  force  mi- 
croscope  and  scanning  tunnel  microscope  are  de- 
scribed  in  detail  in,  for  example,  "THE  TRC  NEWS",  vol. 
38  (January  1  992),  pp.  33  to  39,  published  by  Toray  Re- 
search  Center  Co.,  Ltd.,  and  "STM  book  for  easy  read- 
ing"  published  by  Hitachi  Ltd.,  1991. 
[0014]  Now,  there  is  a  desire  to  identify  slightly  irreg- 
ular  surface  states  in  actual  conditions  by  directly  ob- 
serving  an  individual  slightly  irregular  surface  state  or 
analyzing  the  same  to  determine  the  composition  there- 
of  with  the  use  of  an  appropriate  analyzer  such  as  a 
scanning  probe  microscope.  With  regard  to  the  conven- 
tional  analyzers,  however,  the  scanning  probe  micro- 
scope  for  instance  is  adapted  to  bring  its  probe  needle 
into  contact  with  a  surface  of  a  sample  at  any  location 
and  scan  the  surface,  and  hence  is  designed  to  observe 
only  the  condition  of  the  sample  surface  where  the  probe 
needle  is  able  to  scan.  Therefore,  it  is  very  difficult  for 
the  scanning  probe  microscope  to  position  the  probe 
needle  thereof  at  a  location  where  a  slightly  irregular 
surface  state  is  present.  Accordingly,  the  scanning 
probe  microscope  is  unable  to  satisfactorily  respond  to 
the  demand  to  find  out  and  examine  very  few  slightly 
irregular  surface  states  of  submicron  order  or  smaller, 
such  as  crystal  defects,  which  are  present  on  a  surface 
of  a  sample.  For  instance,  when  a  wafer  size  of  which 

is  6  in.  is  compared  to  the  area  of  the  Sado  island  (area 
of  which  is  857  km2)  of  Japan,  a  slightly  irregular  surface 
state  of  0.3  u.  m  size  is  equivalent  in  size  to  a  golf  ball. 
It  is  very  hard  to  detect  such  a  slightly  irregular  surface 

5  state,  specify  the  location  thereof  and  position  the  probe 
needle  at  such  location.  This  makes  it  nearly  impossible 
to  find  out  any  slightly  irregular  surface  state  of  submi- 
cron  order  or  sub-submicron  order  such  as  a  crystal  de- 
fect  and  observe  it  three-dimensionally.  Further,  even  if 

10  the  particle  detector  is  previously  used  to  locate  a  slight- 
ly  irregular  surface  state,  the  location  thereof  is  defined 
in  terms  of  the  coordinate  system  of  the  particle  detector 
and,  hence,  it  is  difficult  to  define  the  location  of  the 
slightly  irregular  surface  state  in  terms  of  the  coordinate 

is  system  of  the  analyzer.  Still  further,  since  the  location  of 
individual  slightly  irregular  surface  state  on  a  wafer  is 
defined  by  a  pixel  area  (typically  of  20  u.  m  x  200  u.  m) 
which  depends  upon  the  size  of  laser  beam  focused  on 
the  wafer,  the  location  is  defined  with  an  inherent  error 

20  equivalent  to  the  area  of  the  pixel  used.  Where  the  sam- 
ple  having  been  subjected  to  slightly  irregular  surface 
state  detection  by  the  particle  detector  is  to  be  set  in  an 
analyzer,  such  as  scanning  probe  microscope,  other 
than  the  particle  detector,  an  additional  error  due  to  shift- 

25  ing  of  the  coordinates  is  inevitable  because  of  the  setting 
again.  For  that  reason,  to  identify  the  realities  of  a  slight- 
ly  irregular  surface  state  certain  measures  are  required 
to  be  taken  to  completely  link  the  coordinate  system  of 
the  particle  detector  to  that  of  the  analyzer  such  as  the 

30  scanning  probe  microscope  and  eliminate  the  error  at- 
tributable  to  a  pixel  area,  or  to  register  the  coordinates 
of  the  slightly  irregular  surface  state  specified  by  the  par- 
ticle  detector  into  the  coordinate  system  of  the  analyzer 
so  as  to  eliminate  the  error  by  an  approach  such  as  to 

35  newly  detect  the  location  of  a  slightly  irregular  surface 
state  again  specified  by  the  particle  detector.  Note  that 
the  focused  beam  area  is  about  20  u.  m  x  200  u.  m,  which 
is  described  in  the  foregoing  literature  "Technology  for 
analyzing  and  evaluating  high  performance  semicon- 

40  ductor  processes". 
[0015]  Various  particle  detectors  and  scanning  probe 
microscopes  were  examined  for  coordinate  systems  of 
their  x-y  stages.  As  a  result,  almost  all  of  them  were 
found  to  employ  x-y  coordinate  system.  The  coordinate 

45  axes  and  the  origin  with  respect  to  a  wafer  as  a  sample 
to  be  measured  are  determined  by  the  following  meth- 
ods: 
(1)  to  assume  the  flat  axis  of  the  orientation  flat  of  the 
wafer  be  the  x  axis  (or  y  axis),  a  normal  line  to  the  x  axis 

so  in  the  wafer  plane  be  the  y  axis  (or  x  axis),  the  intersect- 
ing  point  of  the  circumference  of  the  wafer  and  the  y  axis 
be  a  point  (0,y),  and  the  intersecting  point  of  the  circum- 
ference  and  the  x  axis  be  a  point  (x,0);  and  (2)  to  assume 
the  flat  axis  of  the  orientation  flat  of  the  wafer  be  the  x 

55  axis  (or  y  axis),  a  normal  line  to  the  x  axis  in  the  wafer 
plane  be  the  y  axis,  and  the  center  of  the  wafer  deter- 
mined  from  the  equation  of  circle  using  three  points  ob- 
tained  on  the  circumference  (except  the  orientation  flat) 

3 
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of  the  wafer  be  the  origin  (0,0). 
[0016]  With  the  above  methods,  however,  these  co- 
ordinate  axes  and  the  origin  or  center  necessarily  devi- 
ate  from  one  wafer  to  another  or  for  each  setting  be- 
cause  of  the  difference  in  the  circumferential  surface  s 
precision  or  in  the  precise  size  between  wafers  or  be- 
cause  of  the  difference  between  respective  positions  of 
wafers  set  on  the  stage  or  of  subtle  warpage  involved 
in  each  wafer.  As  a  result,  deviation  of  the  coordinate 
axes  and  origin  with  respect  to  individual  wafer  is  inev-  10 
itable  between  the  devices  employing  these  methods  (e. 
g.,  between  the  particle  detector  and  the  analyzer  such 
as  scanning  probe  microscope).  Various  devices  were 
examined  for  the  amount  of  a  deviation  caused  by  the 
abovementioned  reasons  by  the  use  of  several  wafers  15 
each  having  a  lattice  pattern.  The  examination  revealed 
the  fact  that  even  between  devices  of  high  precision 
(particle  detector:  IS-2000  produced  by  Hitachi  Engi- 
neering  Ltd.,  measure  SEM:  S-7000  produced  by  Hi- 
tachi  Ltd.)  the  origin  or  center  of  x-y  coordinates  and  any  20 
point  defined  in  terms  of  the  x-y  coordinates  deviated 
about  (+100  u.  m,+100  u.  m).  For  that  reason,  when  a 
slightly  irregular  surface  state  present  on  a  wafer  at  any 
location  which  has  been  detected  by  the  particle  detec- 
tor  is  to  be  observed,  analyzed  and  evaluated  using  the  25 
analyzer  such  as  the  scanning  probe  microscope,  one 
must  observe  the  region  (200  u.  m  x  200  u.  m  =  40000  u. 
m2)  covering  the  regional  range  of  (+1  00  u.  m,+1  00  u.  m) 
or  more  from  the  center,  or  the  location  where  the  slightly 
irregular  surface  state  is  considered  to  be  present  by  the  30 
use  of  the  scanning  probe  microscope  to  confirm  the  lo- 
cation  of  the  slightly  irregular  surface  state,  and  then  ob- 
serve  or  analyze  the  slightly  irregular  surface  state  by 
enlarging  the  slightly  irregular  surface  state  or  a  like 
process  to  serve  the  purpose.  For  that  reason,  it  takes  35 
considerably  time  for  observing  or  analyzing  the  slightly 
irregular  surface  state. 
[001  7]  Attempt  is  to  be  made  to  appreciate  the  dimen- 
sions  of  the  aforesaid  region  relative  to  the  slightly  irreg- 
ular  surface  state.  Assuming  that  the  region  of  40000  u.  40 
m2  (200  u.  m  x  200  u.  m)  is  observed  using  a  CCD  camera 
having  one  million  pixels  which  is  considered  to  have  a 
relatively  high  resolution  power,  the  detection  range  (ar- 
ea)  covered  by  one  pixel  of  the  CCD  camera  is  calcu- 
lated  to  make  consideration  on  the  size  of  a  smallest  45 
detectable  slightly  irregular  surface  state.  Under  the 
above  conditions  the  detection  range  covered  by  one 
pixel  is  found  to  be  0.04  u.m2  from  the  calculation:  40000 
u.  m2  -s-  1000000  =  0.2  u,  m  x  0.2  u,  m.  Since  a  slightly 
irregular  surface  state  of  the  size  not  larger  than  one  so 
pixel  is  difficult  to  identify,  the  limit  in  the  detection  of  a 
slightly  irregular  surface  state  is  0.04  urn2  (0.2  urn  x  0.2 
u.  m).  Stated  otherwise,  it  is  difficult  to  directly  detect  a 
slightly  irregular  surface  state  having  a  projected  area 
of  not  larger  than  0.04  urn2  (equivalent  to  about  0.2  urn  55 
diameter)  by  means  of  the  CCD  camera  having  one  mil- 
lion  pixels  and,  hence,  it  seems  nearly  impossible  to 
specify  the  location  of  such  a  slightly  irregular  surface 

state. 
[001  8]  Document  US-A-5  1  77  559  discloses  substan- 
tially  a  method  to  detect  a  foreign  particle  on  a  wafer  on 
which  some  patterns  are  provided  and  to  determine  the 
position  of  the  foreign  particle. 
[0019]  In  the  method  according  to  this  document  a 
collimated  light  (by  use  of  a  beam  expander)  is  em- 
ployed,  the  light  is  irradiated  at  a  specified  angle  of  45° 
to  the  pattern,  and  the  light  is  irradiated  at  a  specified 
angle  to  the  sample  surface  from  an  inclined  direction. 
[0020]  These  conditions  allow  to  detect  the  foreign 
particle  on  the  wafer  and  to  determine  the  position  of  the 
foreign  particles. 
[0021]  Furthermore,  a  monochrome  light  is  required 
and  a  severe  restriction  for  detecting  the  scattered  light 
is  subjected,  i.e.,  the  detector  must  be  provided  to  the 
direction  except  for  predetermined  certain  angle  with  re- 
spect  to  a  certain  incident  light.  At  that  time,  a  space 
filter  must  be  provided  in  the  optical  examination  sys- 
tem.  Finally,  an  inspection  of  the  patterned  wafer  is  per- 
formed. 
[0022]  The  above  described  system  of  document  US- 
A-5  177  559  seems  to  detect  the  foreign  particle  and 
determine  the  location  of  the  foreign  particle  on  the 
whole  wafer  by  a  scanning  wafer  stage.  Thus,  the  field 
of  view  being  observed  must  be  captured  exactly  and 
must  be  matched  with  the  location  on  the  scanned  wafer 
stage.  If  not  so,  a  one  to  one  correspondence  in  deter- 
mining  coordinate  cannot  be  attained  and  the  location 
of  the  foreign  particle  cannot  be  determined.  In  addition, 
since  the  wafer  stage  shows  a  hysteresis  on  movement 
of  the  stage,  scanning  the  wafer  causes  error  on  the  co- 
ordinate.  Thus,  the  coordinate  of  the  foreign  particle  on 
an  arbitrary  location  on  the  wafer  accompanies  error, 
and  determining  the  position  exactly  cannot  be 
achieved.  If  a  wafer  to  be  observed  includes  a  pattern 
thereon,  since  determining  the  location  with  the  aid  of 
some  patterns  which  are  related  to  each  other  can  be 
performed,  correction  of  the  coordinate  is  possible  to  a 
certain  extent.  From  this  it  is  apparent  that  this  method 
cannot  determine  a  location  of  the  foreign  particle  on  the 
wafer  including  no  pattern  thereon. 
[0023]  The  article  IBM  technical  disclosure  bulletin, 
Vol.  23.  No.  11.  April  1981,  pages  4970  -  4971,  of  A. 
Abraitis  and  T.  Ross:  "Direct  readout  particle  detection 
system"  discloses  a  method  to  quickly  find  a  particle 
contamination  on  blank  wafers. 
[0024]  Accordingly,  light  is  irradiated  from  four  direc- 
tions  of  four  light  sources  to  a  wafer  as  a  whole.  Then, 
light  scattered  by  the  foreign  particle  is  observed  from 
a  dark  field.  Next,  a  fixed  plumbicon  camera  is  employed 
for  observing  the  scattered  light.  Finally,  the  wafer  as  a 
whole  is  observed  as  one  view. 
[0025]  However,  the  method  according  to  the  article 
by  Abraitis  and  Ross  suffers  from  the  following  draw- 
backs.  A  light  source  of  about  several  hundred  Watts  is 
employed  for  irradiating  light  to  the  wafer  as  a  whole. 
Accordingly,  a  foreign  particle  of  several  micrometers  in 

4 
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diameter  can  be  detected,  but  a  foreign  particle  of  sev- 
eral  submicrons  in  diameter  can  hardly  be  detected,  be- 
cause  the  intensity  of  the  scattered  light  is  weak.  Thus, 
an  extremely  strong  light  source  is  required  for  observ- 
ing  a  fine  foreign  particle.  At  the  same  time,  the  extreme- 
ly  strong  light  causes  an  undesired  modification  by  heat 
which  is  generated  by  irradiation  of  the  extremely  strong 
light  and  heats  the  wafer  as  a  whole,  causing  sublima- 
tion  of  the  foreign  particle  by  heat.  Hence,  this  method 
is  not  necessarily  effective  for  detecting  fine  foreign  par- 
ticles.  Further,  a  wafer  as  a  whole  is  observed  in  one 
picture  by  using  the  plumbicon  camera,  a  space  resolu- 
tion  depends  the  number  of  pixels.  Accordingly,  if  the 
wafer  size  is  large  (the  observation  area  is  large),  the 
position  on  the  wafer  includes  a  certain  special  error. 
The  position  on  the  wafer  corresponds  to  one  pixel  out- 
putted  from  the  camera. 
[0026]  In  other  words,  the  position  of  the  foreign  par- 
ticle  which  the  camera  can  detect  includes  error  corre- 
sponding  to  the  observation  area  in  which  one  pixel  ob- 
serve  the  wafer.  Accordingly,  when  an  area  of  eight  inch- 
es  in  diameter  is  observed  by  using  a  camera  including 
one  million  pixels  (which  is  the  most  in  the  number  of 
pixels  among  the  cameras  commercially  obtainable), 
the  special  error  which  one  pixel  includes  reaches  to  a 
level  of  104.7t(u.m)2  (about  two  hundred  micrometers 
square). 

5  5  6  4 1x10  x1x10  X7i/10  =1x10  -7i  (u.m  x  u.m) 

[0027]  Therefore,  a  precise  determination  of  the  for- 
eign  particle  cannot  be  achieved. 
[0028]  Further,  if  one  pixel  of  the  camera  is  observed, 
the  presence  of  the  foreign  particle  should  be  deter- 
mined  in  terms  of  a  contrast  against  pixels  surrounding 
the  pixel,  because  the  pixel  causes  halation.  According- 
ly,  determining  the  position  is  extremely  difficult  deriving 
from  one  pixel  of  the  camera.  In  addition  to  this,  since 
the  intensity  of  the  scattered  light  is  weak,  a  desired  con- 
trast  is  not  achieved.  Since  the  light  scattered  by  the 
foreign  particle  is  weak,  the  desired  contrast  is  not 
achieved  and  therefore  detecting  a  foreign  particle  is  ex- 
tremely  difficult. 
[0029]  From  the  above,  it  can  be  understood  that  it  is 
difficult  to  directly  observe  or  evaluate  a  slightly  irregular 
surface  state  of  not  larger  than  about  0.2  urn  diameter 
detected  by  the  conventional  particle  detector  by  linking 
the  coordinates  of  the  slightly  irregular  surface  state 
specified  by  the  detector  to  the  coordinate  system  of  the 
analyzer  such  as  the  scanning  probe  microscope  to 
specify  the  location  of  the  slightly  irregular  surface  state 
in  terms  of  the  coordinate  system  of  the  analyzer. 
[0030]  The  present  invention  is  attained  to  overcome 
the  foregoing  problems.  It  is,  therefore,  an  object  of  the 
present  invention  to  provide  a  scanning  probe  micro- 
scope  for  a  method  for  easily  finding  out  the  location  of 
a  slightly  irregular  surface  state  present  on  a  surface  of 

a  sample  and  for  a  method  for  examining  a  slightly  ir- 
regular  surface  state  which  is  capable  of  selectively  and 
three-dimensionally  observing  only  a  defective  portion 
thus  detected  of  the  sample  surface. 

5  [0031]  It  is  another  object  of  the  present  invention  to 
provide  an  apparatus  capable  of  observing,  analyzing 
and  evaluating  a  slightly  irregular  surface  state  by  again 
detecting  the  slightly  irregular  surface  state  of  which  lo- 
cation  is  previously  detected  in  terms  of  the  coordinate 

10  system  of  the  particle  detector  by  the  use  of  the  coordi- 
nate  system  of  an  analyzer  other  than  the  particle  de- 
tector  and  linking  or  registering  the  location  of  the  slight- 
ly  irregular  surface  state  specified  by  the  particle  detec- 
tor  to  the  coordinate  system  of  the  analyzer  with  good 

is  precision. 
[0032]  It  is  yet  another  object  of  the  present  invention 
to  provide  an  apparatus  capable  of  observing,  analyzing 
and  evaluating  a  slightly  irregular  surface  state  by  newly 
detecting  a  slightly  irregular  surface  state  which  cannot 

20  be  detected  the  particle  detector  by  the  use  of  the  coor- 
dinate  system  of  an  analyzer  other  than  the  particle  de- 
tector  and  registering  the  location  of  the  slightly  irregular 
surface  state  in  the  coordinate  system  of  the  analyzer 
with  good  precision. 

25  [0033]  The  above  mentioned  objects  are  achieved  as 
set  out  in  the  appended  claims  1  and  2. 
[0034]  Advantageous  further  developments  are  as 
set  out  in  the  respective  appended  dependent  claims. 

30  Fig.  1  illustrates  the  basic  configuration  of  an  atomic 
force  microscope  for  explaining  one  example  of  a 
method  for  examining  a  slightly  irregular  surface 
state  according  to  the  present  invention; 

35  Fig.  2  is  a  schematic  illustration  of  light  beam  irreg- 
ularly  reflected  due  to  a  slightly  irregular  surface 
state  when  observed  from  a  dark  field; 

Fig.  3  illustrates  the  image  of  a  slightly  irregular  sur- 
40  face  state  measured  by  the  atomic  force  micro- 

scope  according  to  the  present  invention  wherein 
Fig.  3(a)  illustrates  the  image  of  the  slightly  irregular 
surface  state  in  plan,  and  Figs.  3(b)  and  3(c)  are 
sectional  views  taken  along  lines  b-b  and  c-c,  re- 

45  spectively,  of  Fig.  3(a)  for  showing  the  depth  profile 
of  the  slightly  irregular  surface  state; 

Fig.  4  illustrates  another  example  of  the  method  for 
examining  a  slightly  irregular  surface  state  with  the 

so  use  of  an  atomic  force  microscope  according  to  the 
present  invention; 

Fig.  5  illustrates  the  basic  configuration  of  a  scan- 
ning  tunnel  microscope  for  explaining  another  ex- 

55  ample  of  the  method  for  examining  a  slightly  irreg- 
ular  surface  state  according  to  the  present  inven- 
tion; 

20 

25 

40 

45 

5 



9 EP  0  633  450  B1 10 

Fig.  6  illustrates  yet  another  example  of  the  method 
for  examining  a  slightly  irregular  surface  state  with 
the  use  of  a  scanning  tunnel  microscope  according 
to  the  present  invention; 

Fig.  7  illustrates  the  basic  configuration  of  a  atomic 
force  microscope  for  explaining  another  example  of 
the  method  for  examining  a  slightly  irregular  surface 
state  according  to  the  present  invention; 

Fig.  8  illustrates  the  basic  configuration  of  a  scan- 
ning  tunnel  microscope  for  explaining  another  ex- 
ample  of  the  method  for  examining  a  slightly  irreg- 
ular  surface  state  according  to  the  present  inven- 
tion; 

Fig.  9  illustrates  yet  another  example  of  the  method 
for  examining  a  slightly  irregular  surface  state  with 
the  use  of  an  atomic  force  microscope  according  to 
the  present  invention; 

Fig.  1  0  illustrates  yet  another  example  of  the  meth- 
od  for  examining  a  slightly  irregular  surface  state 
with  the  use  of  a  scanning  tunnel  microscope  ac- 
cording  to  the  present  invention; 

Fig.  11  illustrates  one  example  of  the  result  of  meas- 
urement  on  slightly  irregular  surface  states  present 
on  a  silicon  wafer  with  the  use  of  a  particle  detector 
LS-6000; 

Fig.  12  illustrates  the  basic  configuration  of  a  con- 
ventional  atomic  force  microscope;  and 

Fig.  13  illustrates  the  basic  configuration  of  a  con- 
ventional  scanning  tunnel  microscope. 

[0035]  The  present  invention  will  now  be  described  in 
detail  with  reference  to  the  drawings. 

EXAMPLE  1 

[0036]  In  Fig.  1,  numeral  13  denotes  an  Ar  laser  for 
emitting  light  beam  8for  detecting  aslightly  irregularsur- 
face  state  present  on  aflat  sample  surface,  and  numeral 
12  denotes  an  x-y  actuator  for  moving  an  xyz  stirring 
actuator  7  carrying  a  sample  2  in  x-y  plane.  A  cantilever 
3  is  connected  to  a  second  x-y  actuator  1  5  adapted  to 
move  the  cantilever  3  in  the  x-y  plane  through  an  AFM 
control  system  17.  Note  that  same  numerals  in  Figs.  1 
and  1  2  are  used  to  denote  same  or  corresponding  parts. 
[0037]  Referring  to  Fig.  1  (a)  the  mirror-polished  sam- 
ple  2  (silicon  wafer  CZ  (plane  orientation:  1  00)  produced 
by  MITSUBISHI  MATERIALS  SILICON  CORPORA- 
TION  which  had  been  previously  detected  for  approxi- 
mate  location  of  the  slightly  irregular  surface  state  using 
a  surface  inspection  apparatus  IS-2000  produced  by  Hi- 
tachi  Engineering  Co.,  Ltd)  was  illuminated  with  light 

beam  using  the  Ar  laser  13.  In  turn,  the  xyz  stirring  ac- 
tuator  7  was  driven  to  lower  a  probe  needle  1  near  a 
surface  of  the  sample  2  while  the  second  x-y  actuator 
15  was  moved  in  the  x-y  plane  so  as  to  approximately 

5  illuminate  the  light  beam  8  onto  a  region  adjacent  the  tip 
of  the  probe  needle  1.  Then,  the  positional  relation  be- 
tween  the  Ar  laser  13  and  the  probe  needle  1  was  ad- 
justed  by  observing  reflected  light  of  the  light  beam  from 
a  dark  field  section  on  the  Ar  laser  side  by  means  of  a 

10  beam  variation  sensor  such  as  a  microscope  16,  photo- 
diode  or  phototransistor.  The  coordinates  indicated  by 
the  second  x-y  actuator  at  this  moment  were  assumed 
to  be  (x0,y0).  In  this  case,  the  focusing  point  of  the  mi- 
croscope  16  was  adjusted  to  coincide  with  the  location 

is  on  a  surface  of  the  sample  where  the  light  beam  was 
reflected.  Where  a  light-receiving  element  such  as  a 
photodiode  is  used  instead  of  the  microscope,  the  light- 
receiving  element  is  disposed  so  as  to  face  opposite  to 
the  beam-reflecting  location. 

20  [0038]  In  turn,  a  surface  of  the  sample  2  was  illumi- 
nated  with  the  light  beam  8  at  a  location  adjacent  the 
location  where  a  slightly  irregular  surface  state  was  con- 
sidered  to  be  present,  i.e.,  the  aforementioned  location 
previously  detected.  Fig.  2  is  a  schematic  illustration  of 

25  light  beam  8  spotted  on  a  sample  surface  and  irregularly 
reflected  light  1  0  of  the  light  beam  caused  by  the  slightly 
irregular  surface  state  11  present  therein  when  ob- 
served  from  the  dark  field  section  using  the  microscope 
16.  In  the  observation  system  shown  in  Fig.  2  the  ob- 

30  servation  visual  field  range  A  of  the  microscope  16  dis- 
posed  in  the  dark  field  section  is  depicted  as  covering 
the  beam  spot  B  of  the  light  beam  8  on  the  sample  2. 
As  shown  in  Fig.  2,  irregularly  reflected  light  10  ap- 
peared  at  the  location  of  the  foregin  matter  11  present 

35  within  the  spot  B,  so  that  such  location  was  specified  by 
observing  the  irregularly  reflected  light  10  by  means  of 
the  microscope  16.  On  the  other  hand,  since  the  light 
beam  8  was  completely  regularly  reflected  at  a  location 
where  the  slightly  irregular  surface  state  was  absent 

40  within  the  spot,  nothing  was  observed  at  such  location 
by  the  microscope  1  6  disposed  in  the  dark  field  section. 
From  this,  even  if  the  light  beam  8  having  a  spot  size  B 
far  larger  than  the  slightly  irregular  surface  state  is  used, 
the  irregularly  reflected  light  10  caused  by  the  slightly 

45  irregular  surface  state  can  be  observed  with  the  use  of 
the  microscope  11  thereby  readily  specifying  the  loca- 
tion  of  the  slightly  irregular  surface  state  within  the  beam 
spot  with  good  precision. 
[0039]  It  should  be  noted  that  irregular  reflection  oc- 

50  curs  due  to  a  slightly  irregular  surface  state  of  the  size 
as  small  as  1/2  of  the  wavelength  of  light  beam  used,  it 
is  possible  to  exactly  specify  the  location  of  a  slightly 
irregular  surface  state  of  the  size  as  small  as  or  larger 
than  1/2  of  the  wavelength  of  light  beam  used.  Accord- 

55  ingly,  the  size  of  a  detectable  slightly  irregular  surface 
state  ranges  from  submicron  order  through  sub-submi- 
cron  order  to  several  nanometer  order.  As  a  result,  even 
a  very  small  slightly  irregular  surface  state  present  on  a 

6 
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large  sample  can  readily  be  specified  with  good  preci- 
sion  and  efficienly  examined  within  such  a  range. 
[0040]  In  turn,  the  surface  of  the  sample  2  was  ob- 
served  from  the  dark  field  section  while  operating  the  x- 
y  actuator  12  in  the  x-y  plane.  If  a  slightly  irregular  sur- 
face  state  is  present  in  the  optical  path,  irregularly  re- 
flected  light  10  caused  by  such  a  slightly  irregular  sur- 
face  state  is  observed  at  the  coordinates  (x-,  ,y1  )  of  the 
x-y  actuator  1  2  (refer  to  Figs.  1  (b)  and  2). 
[0041]  Then,  the  x-y  actuator  12  or  the  second  x-y  ac- 
tuator  15  was  moved  a  distance  (x^Xg.y^yo)  to  position 
the  xyz  stirring  actuator  7  to  the  position  at  which  the 
slightly  irregular  surface  state  1  1  was  observed.  The  xyz 
stirring  actuator  7  was  adjusted  to  bring  the  probe  nee- 
dle  into  contact  with  the  target  surface  of  the  sample  so 
that  atomic  force  (repulsive  force)  of  about  10"9  would 
be  exerted  therebetween.  Irregular  reflection  of  the  light 
beam  emitted  from,  for  example,  laser  light  source  5  was 
then  observed  using  the  light-receiving  element  6  to 
achieve  measurement  by  the  atomic  force  microscope. 
[0042]  In  this  way,  the  three-dimensional  shape  of  the 
slightly  irregular  surface  state  observed  at  coordinates 
(x^y-,)  was  measured.  Fig.  3  shows  one  example  of  the 
result  of  the  measurement.  Fig.  3(a)  illustrates  a  micro 
pit  of  facet  present  in  a  surface  of  a  semiconductor  wa- 
fer,  and  Figs.  3(b)  and  3(c)  are  sectional  views  taken 
along  lines  b-b  and  c-c,  respectively,  of  Fig.  3(a)  for 
showing  the  profiles  of  the  slightly  irregular  surface  state 
in  depth.  It  can  be  understood  from  Figs.  3(a)  to  3(c)  that 
the  slightly  irregular  surface  state  11  is  a  micro  pit  of 
about  1400  nm  along  b-b  line,  about  560  nm  along  c-c 
line  and  about  300  nm  in  maximum  depth,  which  is 
present  on  a  surface  of  the  silicon  wafer. 
[0043]  In  this  example  the  light  beam  source  for  de- 
tecting  a  slightly  irregular  surface  state  comprises  the 
Ar  laser  because  laser  light  beam  assures  light  beam  of 
keen  directionality  and  hence  enhances  the  contrast  of 
the  beam  spot.  Therefore,  even  a  very  small  slightly  ir- 
regular  surface  state  can  advantageously  be  located 
with  precision.  However,  the  light  source  is  not  limited 
to  the  Ar  laser  but  may  be  another  laser  light  source  such 
as  a  semiconductor  laser  or  any  other  light  source  which 
emits  light  beam  obtained  by  reducing  infrared  ray,  white 
light,  visible  light,  ultraviolet  ray  or  the  like  into  a  beam 
by  means  of  an  optical  lens  or  the  like.  The  following 
examples,  too,  employ  an  Ar  laser  as  the  light  source 
for  detecting  a  slightly  irregular  surface  state  but  are  not 
limited  thereto.  Where  photodiodes  are  used,  observa- 
tion  can  be  achieved  by  arranging  the  photodiode  like  a 
CCD  image  sensor. 

EXAMPLE  2 

[0044]  Fig.  4  illustrates  another  example  of  the  meth- 
od  for  detecting  a  slightly  irregular  surface  state  where 
an  atomic  force  microscope  is  used  as  the  scanning 
probe  microscope. 
[0045]  In  this  example  the  variation  of  light  beam  due 

to  a  slightly  irregular  surface  state  or  due  to  the  tip  of 
the  probe  needle  1  was  observed  from  the  bright  field 
section  of  light  beam  emitted  from  the  Ar  laser  13  by 
means  of  the  microscope  20  to  specify  the  location  of 

5  the  slightly  irregular  surface  state  or  adjust  the  positional 
relation  between  the  slightly  irregular  surface  state  and 
the  probe  needle.  Other  features  of  this  example  are 
similar  to  those  of  Example  1,  and  in  Fig.  4  same  nu- 
merals  are  used  to  denote  same  parts  of  Fig.  1  .  In  ad- 

10  dition  the  positioning  of  the  sample  2  or  of  the  probe 
needle  1  was  conducted  under  the  same  conditions  as 
in  Example  1  . 
[0046]  The  method  of  detecting  the  variation  of  light 
beam  from  the  bright  field  section  of  the  light  beam  ac- 

15  cording  to  this  example  was  as  follows: 
[0047]  When  a  slightly  irregular  surface  state  was  ab- 
sent  within  a  beam  spot  1  8  of  the  light  beam  8  illuminat- 
ing  a  surface  of  the  sample  2,  the  light  beam  8  was  reg- 
ularly  reflected  by  the  surface  of  the  sample  and,  hence, 

20  the  overall  spot  1  8  was  observed  bright  with  no  dark  por- 
tion  when  observed  from  the  bright  field  section  by 
means  of  the  microscope  20.  When  the  slightly  irregular 
surface  state  was  present  within  the  beam  spot  18,  the 
light  beam  8  running  toward  the  slightly  irregular  surface 

25  state  was  prevented  from  being  regularly  reflected  by 
the  slightly  irregular  surface  state.  Accordingly,  a  dark 
portion  19  was  observed  at  a  location  coincident  with 
the  location  of  the  slightly  irregular  surface  state  when 
reflected  light  beam  was  observed  (refer  to  Fig.  4(b)). 

30  This  allowed  the  location  of  the  dark  portion  19  to  be 
specified  as  (x-,,y-|).  In  turn,  as  in  Example  1,  the  x-y  ac- 
tuator  12  or  the  second  x-y  actuator  15  was  moved  a 
distance  (x-i-x^y-i-yg)  to  position  the  slightly  irregular 
surface  state  as  coinciding  with  the  probe  needle  1  . 

35  Thus,  the  three-dimensional  shape  of  the  slightly  irreg- 
ular  surface  state  was  measured  by  means  of  the  atomic 
force  microscope.  Although  the  microscope  20  was 
used  to  observe  the  reflected  light  9,  there  may  be  used 
any  other  means  capable  of  detecting  the  variation  of 

40  the  light  beam,  such  as  a  beam  variation  sensor  com- 
prising  a  light-receiving  element,  for  example  a  photo- 
diode  or  a  phototransistor,  the  beam  variation  sensor 
being  disposed  as  facing  opposite  to  the  beam  spot. 
Where  the  photodiode  are  used,  arranging  it  like  a  CCD 

45  image  sensor  will  allow  the  observation  of  the  dark  por- 
tion. 

EXAMPLE  3 

so  [0048]  Fig.  5  illustrates  the  basic  configuration  of  a 
scanning  tunnel  microscope  as  another  example  of  the 
scanning  probe  microscope  for  use  in  another  example 
of  the  method  for  detecting  a  slightly  irregular  surface 
state  according  to  the  present  invention.  In  Fig.  5,  nu- 

55  meral  13  denotes  an  Ar  laser  provided  for  illuminating 
the  sample  with  light  beam  for  detecting  a  slightly  irreg- 
ular  surface  state  1  1  present  on  a  surface  of  the  sample, 
and  numeral  12  denotes  an  x-y  actuator  provided  for 
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scanning  the  sample  2  in  the  x-y  plane.  A  metallic  probe 
needle  21  is  connected  to  a  second  x-y  actuator  15 
adapted  to  move  the  probe  needle  21  in  the  x-y  plane 
through  an  STM  control  system  28.  In  Fig.  5,  same  nu- 
merals  are  used  to  denote  same  or  corresponding  parts 
of  Fig.  1,  12  or  13. 
[0049]  As  shown  in  Fig.  5(a),  in  substantially  the  same 
way  as  in  Example  1  a  surface  of  the  sample  2  compris- 
ing  a  mirror-polished  silicon  wafer  (CZ  produced  by  MIT- 
SUBISHI  MATERIALS  SILICON  CO.,  plane  orientation 
(100))  was  illuminated  with  light  beam  8  using  the  Ar 
laser  13.  An  xyz  stirring  actuator  27  was  then  driven  to 
lower  a  metallic  probe  needle  21  near  a  surface  of  the 
sample  2  while  the  second  x-y  actuator  15  is  moved  in 
the  x-y  plane  so  as  to  approximately  illuminate  the  light 
beam  8  onto  a  region  adjacent  the  tip  of  the  probe  nee- 
dle  21  .  This  adjustment  was  achieved  by  observing  re- 
flected  light  from  the  dark  field  section  by  means  of  a 
beam  variation  sensor  such  as  the  microscope  16  or  a 
photodiode.  The  coordinates  indicated  by  the  second  x- 
y  actuator  15  at  this  moment  were  (x3,y3).  In  this  case, 
the  focusing  point  of  the  microscope  1  5  was  adjusted  to 
coincide  with  the  location  on  a  surface  of  the  sample  2 
where  the  light  beam  8  was  reflected.  Where  the  pho- 
todiode  is  used  instead  of  the  microscope,  the  photodi- 
ode  is  disposed  so  as  to  face  opposite  to  the  beam-re- 
flecting  location. 
[0050]  In  turn,  a  surface  of  the  sample  2  was  illumi- 
nated  with  the  light  beam  8  at  a  location  adjacent  the 
location  where  a  slightly  irregular  surface  state  was  con- 
sidered  to  be  present.  When  the  slightly  irregular  sur- 
face  state  11  was  absent  in  the  optical  path,  the  light 
beam  8  was  regularly  reflected  by  the  surface  of  the 
sample  and,  hence,  reflected  laser  light  9  was  not  ob- 
served  from  the  dark  field  section.  In  turn,  the  surface 
of  the  sample  2  was  observed  from  the  dark  field  section 
as  in  Example  1  while  moving  the  x-y  actuator  1  2  in  the 
x-y  plane.  When  the  slightly  irregular  surface  state  11 
was  present  in  the  optical  path,  irregularly  reflected  light 
10  was  observed  at  the  coordinates  (x4,y4)  defined  by 
the  x-y  actuator  12  (refer  to  Fig.  5(b)). 
[0051]  Then,  the  x-y  actuator  12  or  the  second  x-y  ac- 
tuator  1  5  was  moved  a  distance  (x4-x3,y4-y3)  so  that  the 
location  of  the  slightly  irregular  surface  state  11  would 
be  shifted  to  the  sample-observing  position.  Thereafter, 
the  xyz  stirring  actuator  was  adjusted  to  bring  the  me- 
tallic  probe  needle  21  into  contact  with  the  target  surface 
of  the  sample  2,  thereby  measuring  the  slightly  irregular 
surface  state  1  1  using  the  scanning  tunnel  microscope. 
[0052]  In  this  way  the  three-dimensional  measure- 
ment  on  the  slightly  irregular  surface  state  observed  at 
(x4,y4)  gave  the  same  result  as  in  Example  1  . 

EXAMPLE  4 

[0053]  Fig.  6  illustrates  another  example  of  the  meth- 
od  for  detecting  a  slightly  irregular  surface  state  accord- 
ing  to  the  present  invention  where  a  scanning  tunnel  mi- 

croscope  is  used  as  the  scanning  probe  microscope. 
[0054]  In  this  example,  the  variation  of  the  light  beam 
due  to  a  slightly  irregular  surface  state  or  due  to  the  tip 
of  the  probe  needle  1  was  observed  from  the  bright  field 

5  section  of  the  light  beam  emitted  from  the  Ar  laser  1  3  by 
means  of  the  microscope  20  to  specify  the  location  of 
the  slightly  irregular  surface  state  or  adjust  the  positional 
relation  between  the  slightly  irregular  surface  state  and 
the  probe  needle  1  .  Other  features  of  the  example  are 

10  similar  to  those  of  Example  1,  and  in  Fig.  6  same  nu- 
merals  are  used  to  denote  same  parts  of  Fig.  5.  In  ad- 
dition,  the  positioning  of  the  sample  2  or  of  the  probe 
needle  1  with  respect  to  the  sample  was  conducted  un- 
der  the  same  conditions  as  in  Example  1  . 

is  [0055]  The  method  of  detecting  the  variation  of  light 
beam  from  the  bright  field  section  of  the  light  beam  8 
according  to  this  example  was  the  same  as  in  Example 
2.  Accordingly,  when  the  slightly  irregular  surface  state 
was  absent  within  a  beam  spot  18  of  the  light  beam  8, 

20  a  dark  portion  1  9  was  not  observed  within  the  beam  spot 
18  by  a  beam  variation  sensor  such  as  the  microscope 
20.  On  the  other  hand,  when  the  slightly  irregular  sur- 
face  state  was  present  within  the  beam  spot  18,  a  dark 
portion  19  was  observed  at  a  location  coincident  with 

25  the  location  of  the  slightly  irregular  surface  state  thereby 
specifying  the  location  (x3,y3)of  the  slightly  irregular  sur- 
face  state.  In  this  case,  the  focusing  point  of  the  micro- 
scope  20  was  made  to  coincide  with  the  location  on  a 
surface  of  the  sample  where  the  light  beam  8  was  re- 

30  fleeted,  i.e.,  the  location  of  the  beam  spot  18.  Where  a 
light-receiving  element  such  as  a  photodiode  is  used  as 
the  light  source,  it  is  disposed  as  facing  opposite  to  the 
beam  spot  18. 
[0056]  In  this  manner  the  probe  needle  21  ofthescan- 

35  ning  tunnel  microscope  was  made  to  coincide  with  the 
slightly  irregular  surface  state  and  the  three-dimension- 
al  shape  of  the  slightly  irregular  surface  state  was  meas- 
ured  as  in  the  foregoing  examples. 

40  EXAMPLE  5 

[0057]  Fig.  7  illustrates  the  basic  configuration  of  an 
atomic  force  microscope  as  an  example  of  the  scanning 
probe  microscope  for  use  in  another  example  of  the 

45  method  for  detecting  a  slightly  irregular  surface  state  ac- 
cording  to  the  present  invention.  Referring  to  Fig.  7  the 
output  power  of  an  Ar  laser  13  was  15  mW,  and  a  po- 
larizer  33  was  adapted  to  polarize  light  beam  8  in  various 
directions.  A  CCD  camera  31  having  an  image  intensi- 

50  fier  was  mounted  on  a  microscope  16  provided  for  ob- 
serving  a  surface  of  the  sample  2  illuminated  by  the  Ar 
laser  13  from  the  darkfield  section.  A  CRT  32  is  adapted 
to  output  the  image  of  the  observed  surface.  This  exam- 
ple  employed  a  silicon  wafer  as  the  sample  2.  An  x-y 

55  actuator  12  was  provided  to  move  an  xyz  stirring  actu- 
ator  7  carrying  the  sample  2  (capable  of  carrying  a  sili- 
con  wafer  of  the  size  up  to  8  in.  diameter)  in  the  x-y 
plane.  In  Fig.  7,  same  numerals  are  used  to  denote 
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same  or  corresponding  parts  of  Figs.  1  and  12. 
[0058]  Initially,  a  plurality  of  mirror-polished  silicon 
wafers  2  (6  in.  silicon  wafers  (plane  orientation:  100), 
trade  name:  CZ,  product  of  MITSUBISHI  MATERIALS 
CO.)  were  subjected  to  a  particle  detector  (SURFSCAN 
6200  produced  by  Tencor  Co.  ,  USA)  to  observe  approx- 
imate  size  and  location  of  a  slightly  irregular  surface 
state  present  on  the  silicon  wafers.  On  each  silicon  wa- 
fer  were  randomly  present  about  80  slightly  irregular 
surface  states  of  the  order  of  0.1  to  0.2  u.  m  diameter 
and  about  three  slightly  irregular  surface  states  of  the 
order  of  0.2  to  0.3  u.  m  diameter. 
[0059]  In  turn,  three  points  on  the  circumference  (ex- 
cept  for  orientation  flat)  of  each  wafer  2  set  on  the  xyz 
stirring  actuator  7  were  measured  with  the  flat  axis  of 
the  orientation  flat  assumed  to  be  the  x  axis  and  with  a 
normal  line  to  the  x  axis  in  the  plane  of  the  wafer  as- 
sumed  to  be  the  y  axis.  From  the  results  of  the  meas- 
urement,  the  center  (0,0)  of  the  wafer  was  calculated 
using  the  equation  of  circle.  The  mirror-polished  surface 
of  the  silicon  wafer  2  was  then  illuminated  with  the  light 
beam  8  using  the  Ar  laser  13.  The  xyz  stirring  actuator 
7  was  then  driven  to  lower  the  probe  needle  1  near  a 
surface  of  the  wafer  2  while  the  second  x-y  actuator  15 
was  moved  in  the  x-y  plane,  so  that  the  light  beam  8  was 
applied  onto  a  region  adjacent  the  tip  of  the  probe  nee- 
dle  1.  The  positional  relation  between  the  Ar  laser  13 
and  the  probe  needle  1  was  adjusted  by  observing  the 
reflected  light  from  the  dark  field  of  the  Ar  laser  13  by 
means  of,  for  example,  the  CRT  32  connected  to  the 
microscope  16  or  photodiode,  thereby  centering  the  lo- 
cation  of  the  tip  of  the  probe  needle  1  in  the  visual  field 
of  the  microscope.  Note  that  the  location  of  the  tip  of  the 
probe  needle  1  need  not  necessarily  be  centered  in  the 
visual  field,  and  it  may  be  placed  at  a  predetermined  lo- 
cation  in  the  visual  field.  The  objective  lens  and  eye- 
piece  of  the  microscope  used  this  time  each  had  X5 
magnification,  and  the  microscope  was  able  to  cover  a 
visual  field  of  about  2  mm  diameter  at  the  largest.  The 
coordinates  indicated  by  the  second  x-y  actuator  15  at 
this  moment  were  (x0,y0).  The  focusing  point  of  the  mi- 
croscope  16  was  made  to  coincide  with  the  location  on 
the  silicon  wafer  where  the  light  beam  8  was  reflected. 
The  size  of  the  light  beam  8  was  about  2  mm  x  about  4 
mm.  Where  a  photodiode  is  used  instead  of  the  micro- 
scope,  the  photodiode  is  disposed  as  facing  opposite  to 
such  location  where  the  light  beam  8  is  reflected. 
[0060]  In  turn,  the  xyz  stirring  actuator  7  was  driven 
to  make  the  probe  needle  1  go  away  from  the  surface 
of  the  wafer  2. 
[0061]  The  silicon  wafer  2  was  then  moved  to  a  posi- 
tion  coincident  with  the  location  where  the  slightly  irreg- 
ular  surface  state  was  considered  to  be  present,  i.e.  ,  the 
location  of  which  approximate  coordinates  had  been 
previously  detected  using  the  particle  detector,  by  mov- 
ing  the  second  x-y  actuator  15  so  as  to  bring  the  wafer 
to  the  target  position  where  the  light  beam  should  be 
applied. 

[0062]  In  turn,  the  surface  of  the  silicon  wafer  2  was 
observed  from  the  dark  field  section  while  moving  the  x- 
y  actuator  1  2  in  the  x-y  plane,  as  in  the  foregoing  exam- 
ples.  When  the  slightly  irregular  surface  state  was 

5  present  in  the  optical  path,  irregularly  reflected  light  10 
was  observed  at  the  coordinates  (x^y-,)  defined  by  the 
x-y  actuator  12  (refer  to  Fig.  7(b)). 
[0063]  In  this  case,  when  the  slightly  irregular  surface 
state  11  was  absent  in  the  optical  path,  the  light  beam 

10  8  was  regularly  reflected  by  the  surface  of  the  silicon 
wafer  2  and,  hence,  the  reflected  light  9  was  not  ob- 
served  from  the  dark  field  section.  The  results  of  the  ob- 
servation  were  as  shown  in  the  schematic  illustration  of 
Fig.  2  and  are  explained  as  in  Example  1  . 

15  [0064]  With  respect  to  the  silicon  wafers  2  thus  eval- 
uated,  reflected  light  was  assuredly  observed  at  at  least 
one  point  within  a  visual  field  of  about  2  mm  diameter 
covered  by  the  microscope,  such  point  being  coincident 
with  the  approximate  coordinates  of  the  location  where 

20  the  slightly  irregular  surface  state  11  was  considered  to 
be  present  on  the  surface  of  the  silicon  wafer  2  which 
had  been  previously  detected  by  the  particle  detector. 
Note  that  in  almost  all  the  observations  reflected  light 
was  observed  at  one  point,  and  the  observations  of  re- 

25  fleeted  light  at  plural  points  were  rare.  The  intensity  of 
the  reflected  light  thus  observed  grew  higher  with  in- 
creasing  output  of  the  Ar  laser  1  3.  Further,  a  slightly  ir- 
regular  surface  state  of  the  order  of  0.2  to  0.3  u.  m  diam- 
eter  was  responsible  for  reflected  light  of  a  higher  inten- 

30  sitythan  reflected  light  caused  by  a  slightly  irregular  sur- 
face  state  of  the  order  of  0.1  to  0.2  u.  m  diameter.  The 
intensity  of  reflected  light  output  by  the  CRT  32  grew 
higher  as  the  detection  sensitivity  of  the  CCD  camera 
31  having  the  image  intensifier  was  enhanced.  In  addi- 

35  tion,  the  surface  of  the  silicon  wafer  was  made  brightest 
and  the  S/N  ratio  was  enhanced  when  the  light  beam 
was  s-polarized  light.  Assuming  that  location  nm  where 
reflected  light  was  observed  be  the  location  of  slightly 
irregular  surface  state  n,  the  location  nm  was  centered 

40  or  placed  at  a  predetermined  location  in  the  visual  field 
of  the  microscope,  and  the  coordinates  (xn,  ym)  indicat- 
ed  by  the  x-y  actuator  1  2  at  this  moment  were  registered 
as  the  location  of  the  slightly  irregular  surface  state  n. 
[0065]  Then,  the  x-y  actuator  12  or  the  second  x-y  ac- 

45  tuator  15  was  moved  a  distance  (xn-x0,ym-y0),  i.e.,  the 
slightly  irregular  surface  state  n  was  moved  to  a  location 
coincident  with  the  tip  of  the  probe  needle  1.  The  xyz 
stirring  actuator  7  was  then  adjusted  to  bring  the  probe 
needle  1  into  contact  with  the  surface  of  the  silicon  wafer 

so  so  that  an  atomic  force  (repulsive  force)  of  about  10"9 
would  be  exerted  therebetween.  In  this  way,  the  meas- 
urement  using  the  atomic  force  microscope  was  per- 
formed.  Thus,  the  three-dimensional  shape  of  the  slight- 
ly  irregular  surface  state  n  observed  at  (xn,  ym)  was 

55  measured.  There  were  observed  various  types  of  slight- 
ly  irregular  surface  states  such  as  adhered  fine  particles 
or  micro  projection  and  those  like  scratches. 
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EXAMPLE  6 

[0066]  Fig.  8  illustrates  the  basic  configuration  of  a 
scanning  tunnel  microscope  for  use  in  another  example 
of  the  method  for  detecting  a  slightly  irregular  surface 
state  according  to  the  present  invention.  In  Fig.  8,  a  me- 
tallic  probe  needle  21  is  connected  to  a  second  x-y  ac- 
tuator  15  provided  for  moving  the  probe  needle  21  in  x- 
y  plane  through  a  control  system  28  of  the  scanning  tun- 
nel  microscope,  and  same  numerals  are  used  to  denote 
same  or  corresponding  parts  of  Figs.  7  and  13. 
[0067]  Initially,  the  silicon  wafer  2  was  set  on  the  x-y 
actuator  and  a  mirror-polished  surface  of  the  wafer  2 
was  illuminated  with  light  beam  8  using  the  Ar  laser  1  3, 
as  shown  in  Fig.  8(a).  The  xyz  stirring  actuator  27  was 
then  driven  to  lower  the  probe  needle  21  near  a  surface 
of  the  wafer  2  while  the  second  x-y  actuator  15  was 
moved  in  the  x-y  plane,  so  that  the  light  beam  8  would 
be  applied  onto  a  region  adjacent  the  tip  of  the  probe 
needle  21.  The  positional  relation  between  the  light 
beam  8  and  the  probe  needle  21  was  adjusted  by  ob- 
serving  the  irregularly  reflected  light  from  the  dark  field 
by  means  of,  for  example,  the  CRT  32  connected  to  the 
microscope  16  or  a  photodiode,  thereby  centering  the 
location  of  the  tip  of  the  probe  needle  21  in  the  visual 
field  of  the  microscope.  Note  that  the  location  of  the  tip 
of  the  probe  needle  21  need  not  necessarily  be  centered 
in  the  visual  field  and  it  may  be  placed  at  a  predeter- 
mined  location  in  the  visual  field.  The  objective  lens  and 
eyepiece  of  the  microscope  used  this  time  each  had  X5 
magnification,  and  the  microscope  was  able  to  cover  a 
visual  field  of  about  2  mm  diameter  at  the  largest.  The 
coordinates  indicated  by  the  second  x-y  actuator  15  at 
this  moment  were  (x3,  y3).  The  focusing  point  of  the  mi- 
croscope  16  was  made  to  coincide  with  the  location  on 
the  silicon  wafer  2  where  the  light  beam  8  was  reflected. 
Where  a  photodiode  or  the  like  is  used  instead  of  the 
microscope,  the  photodiode  should  be  disposed  as  fac- 
ing  opposite  to  such  location  where  the  light  beam  8  is 
reflected. 
[0068]  In  turn,  the  xyz  stirring  actuator  27  was  driven 
to  make  the  probe  needle  21  go  away  from  the  surface 
of  the  wafer  2. 
[0069]  The  silicon  wafer  2  was  then  moved  to  a  posi- 
tion  coincident  with  the  location  where  the  slightly  irreg- 
ular  surface  state  11  was  considered  to  be  present,  i.e., 
the  location  of  which  approximate  coordinates  had  been 
previously  detected  using  the  particle  detector,  by  mov- 
ing  the  second  x-y  actuator  15  so  as  to  bring  the  wafer 
to  the  target  position  where  the  light  beam  should  be 
applied. 
[0070]  In  turn,  the  surface  of  the  silicon  wafer  2  was 
observed  from  the  dark  field  section  by  moving  the  x-y 
actuator  in  the  x-y  plane.  When  the  slightly  irregular  sur- 
face  state  was  present  on  the  surface,  irregularly  reflect- 
ed  light  10  was  observed  at  the  coordinates  (x4,y4)  de- 
fined  by  the  x-y  actuator  1  2  (refer  to  Fig.  8(b)).  With  re- 
spect  to  the  silicon  wafers  2  thus  evaluated,  reflected 

light  was  assuredly  observed  at  least  one  point  within 
the  visual  field  of  about  2  mm  diameter  covered  by  the 
microscope,  such  point  being  coincident  with  the  ap- 
proximate  coordinates  of  the  location  where  the  slightly 

5  irregular  surface  state  11  was  considered  to  be  present 
on  the  surface  of  the  silicon  wafer  2  which  had  been  pre- 
viously  detected  by  the  particle  detector.  Note  that  the 
evaluation  was  facilitated  and  the  best  contrast  ratio  was 
obtained  when  the  light  beam  was  s-polarized  light  ob- 

10  tained  by  adjusting  the  polarizer  33  relative  to  the  sur- 
face  of  the  silcon  wafer  2.  Assuming  that  location  nn 
where  reflected  light  was  observed  be  the  location  of 
slightly  irregular  surface  state  n,  the  location  nn  was 
centered  in  the  visual  field  of  the  microscope,  and  the 

is  coordinates  (xnn,ymm)  indicated  by  the  x-y  actuator  12 
were  registered  as  the  location  of  the  slightly  irregular 
surface  state  n. 
[0071]  Then,  the  x-y  actuator  12  or  the  second  x-y  ac- 
tuator  15  was  moved  a  distance  (xnn-x3,ymm-y3)  and 

20  then  the  xyz  stirring  actuator  7  was  adjusted  to  bring  the 
probe  needle  21  into  contact  with  the  surface  of  the  sil- 
icon  wafer  2.  In  this  way  the  measurement  using  the 
scanning  tunnel  microscope  was  performed. 
[0072]  Thus,  the  three-dimensional  shape  of  the 

25  slightly  irregular  surface  state  n  observed  at  (xnn,ymm) 
was  measured,  and  the  results  of  the  measurement 
were  similar  to  those  of  Example  5. 

EXAMPLE  7 
30 

[0073]  Fig.  9  illustrates  the  basic  configuration  of  an 
atomic  force  microscope  as  an  example  of  the  scanning 
probe  microscope  for  use  in  one  example  of  the  method 
for  detecting  a  slightly  irregular  surface  state  according 

35  to  the  present  invention.  In  Fig.  9,  a  CCD  camera  31 
having  an  image  intensifier  is  mounted  on  a  microscope 
20,  and  a  CRT  32  is  adapted  to  output  the  image  of  the 
sample  at  observed  position.  In  Fig.  9,  same  numerals 
are  used  to  denote  same  or  corresponding  parts  of  Figs. 

40  7  and  12. 
[0074]  Initially,  in  the  same  manner  as  in  Examples  5 
and  6,  silicon  wafer  2  was  set  on  the  xyz  stirring  actuator 
7  as  shown  in  Fig.  9(a),  and  the  positional  relation  be- 
tween  the  Ar  laser  1  3  and  the  probe  needle  21  was  ad- 

45  justed  to  center  the  location  of  the  tip  of  the  probe  needle 
21  in  the  visual  field  of  the  microscope.  The  coordinates 
indicated  by  the  second  x-y  actuator  15  at  this  moment 
were  considered  to  be  (x0,y0).  The  focusing  point  of  the 
microscope  20  was  made  to  coincide  with  the  location 

so  on  the  silicon  wafer  2  where  the  light  beam  8  was  re- 
flected.  Where  a  photodiode  or  the  like  is  used  instead 
of  the  microscope,  the  photodiode  should  be  disposed 
as  facing  opposite  to  such  location  where  the  light  beam 
8  is  reflected. 

55  [0075]  In  turn,  the  xyz  stirring  actuator  7  was  driven 
to  make  the  probe  needle  1  go  away  from  the  surface 
of  the  wafer  2. 
[0076]  The  silicon  wafer  2  was  then  moved  to  a  posi- 

10 
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tion  coincident  with  the  location  where  the  slightly  irreg- 
ular  surface  state  11  was  considered  to  be  present,  i.e., 
the  location  of  which  approximate  coordinates  had  been 
previously  detected  using  the  particle  detector,  by  mov- 
ing  the  second  x-y  actuator  15  so  as  to  bring  the  wafer 
2  to  the  target  position  where  the  light  beam  should  be 
applied. 
[0077]  In  turn,  the  surface  of  the  silicon  wafer  2  was 
observed  using  the  microscope  20  disposed  in  the  bright 
field  by  moving  the  x-y  actuator  12  in  the  x-y  plane. 
When  the  slightly  irregular  surface  state  1  1  was  present 
within  the  beam  spot  1  8  of  the  light  beam  8  applied  onto 
the  surface  of  the  silicon  wafer  2  from  the  Ar  laser  13, 
the  slightly  irregular  surface  state  1  1  interfered  with  reg- 
ular  reflection  of  the  light  beam  8  running  toward  the 
slightly  irregular  surface  state  11.  This  caused  a  dark 
portion  1  9  to  appear  at  the  location  of  the  slightly  irreg- 
ular  surface  state  11  when  the  reflected  light  9  was  ob- 
served  from  the  bright  field  section  (refer  to  Fig.  9(b)). 
Thus,  the  coordinates  (xn  ,y1  )  of  the  location  where  the 
dark  portion  1  9  was  observed  were  determined. 
[0078]  Then,  in  the  same  manner  as  in  Example  5, 
the  x-y  actuator  12  or  the  second  x-y  actuator  15  was 
moved  a  distance  (x^Xg.y^yg)  to  adjust  the  positional 
relation  between  the  probe  needle  1  and  the  slightly  ir- 
regular  surface  state  11  .  This  allowed  the  atomic  force 
microscope  to  measure  the  three-dimensional  shape  of 
the  slightly  irregular  surface  state  11  .  When  the  slightly 
irregular  surface  state  11  was  absent  within  the  beam 
spot  1  1  ,  the  light  beam  8  was  regularly  reflected  by  the 
surface  of  the  silicon  wafer  2  and,  hence,  the  reflected 
light  9  was  not  observed  from  the  bright  field  section.  As 
can  be  understood  from  the  above  that  even  if  the  light 
beam  8  is  used  having  a  spot  size  far  larger  than  the 
slightly  irregular  surface  state  1  1  ,  the  dark  portion  1  9  at- 
tributable  to  the  slightly  irregular  surface  state  11  can  be 
observed  by  means  of  the  microscope  20  disposed  in 
the  bright  section.  Hence,  the  location  of  the  slightly  ir- 
regular  surface  state  11  within  the  beam  spot  can  readily 
be  specified  with  a  high  precision. 
[0079]  With  respect  to  the  silicon  wafers  2  thus  eval- 
uated,  at  least  one  dark  portion  19  was  assuredly  ob- 
served  within  the  visual  field  of  about  2  mm  diameter 
covered  by  the  microscope,  the  location  of  such  a  dark 
portion  being  coincident  with  the  approximate  coordi- 
nates  of  the  location  where  the  slightly  irregular  surface 
state  11  was  considered  to  be  present  on  the  surface  of 
the  silicon  wafer  2  which  had  been  previously  detected 
by  the  particle  detector.  Note  that  in  almost  all  the  ob- 
servations  only  one  dark  portion  was  observed,  and  the 
observation  of  a  plurality  of  dark  portions  was  rare.  Fur- 
ther,  the  contrast  of  the  dark  portion  caused  by  a  slightly 
irregular  surface  state  of  the  order  of  0.2  to  0.3  u.  m 
against  the  rest  was  higher  than  the  contrast  of  the  dark 
portion  caused  by  a  slightly  irregular  surface  state  of  the 
order  of  0.1  to  0.2  u.  m. 
[0080]  The  best  S/N  ratio  was  obtained  when  the  light 
beam  was  s-polarized  light  obtained  by  adjusting  the  po- 

larizer  33  relative  to  the  surface  of  the  silcon  wafer  2. 
Then,  the  location  nm  where  the  dark  portion  was  ob- 
served  was  considered  to  be  the  location  of  slightly  ir- 
regular  surface  state  n,  the  location  nm  was  centered  or 

5  placed  on  a  predetermined  point  in  the  visual  field  of  the 
microscope,  and  the  coordinates  (xn,  ym)  indicated  by 
the  x-y  actuator  1  2  were  registered  as  the  location  of  the 
slightly  irregular  surface  state  n. 
[0081]  Then,  the  x-y  actuator  12  or  the  second  x-y  ac- 

10  tuator  was  moved  a  distance  (xn-x0,  ym-yo)  so  that  the 
slightly  irregular  surface  state  n  would  be  moved  to  the 
location  of  the  tip  of  the  probe  needle  1  .  The  xyz  stirring 
actuator  7  was  then  adjusted  to  bring  the  probe  needle 
1  into  contact  with  the  surface  of  the  silicon  wafer  2  so 

is  that  an  atomic  force  (repulsive  force)  of  10"9  would  be 
exerted  therebetween.  In  this  way  the  measurement  us- 
ing  the  atomic  force  microscope  was  performed. 
[0082]  Thus,  the  three-dimensional  shape  of  the 
slightly  irregular  surface  state  n  observed  at  (xn,  ym)  was 

20  measured  using  the  atomic  force  microscope  as  in  Ex- 
ample  5. 

EXAMPLE  8 

25  [0083]  Fig.  10  illustrates  the  basic  configuration  of  a 
scanning  tunnel  microscope  for  use  in  another  example 
of  the  method  for  detecting  a  slightly  irregular  surface 
state  according  to  the  present  invention.  In  Fig.  8,  nu- 
meral  20  denotes  a  microscope  provided  for  observing 

30  from  a  bright  field  section  a  surface  of  the  silicon  wafer 
20  illuminated  by  Ar  laser  1  3.  A  CCD  camera  31  having 
an  image  intensifier  is  mounted  on  the  microscope  20, 
and  a  CRT  32  is  adapted  to  output  the  image  of  the  sam- 
ple  at  observed  position.  A  metallic  probe  needle  21  is 

35  connected  to  a  second  x-y  actuator  1  5  through  the  con- 
trol  system  of  the  scanning  tunnel  microscope.  In  Fig. 
10  same  numerals  are  used  to  denote  same  or  corre- 
sponding  parts  of  Figs.  8  and  13. 
[0084]  Initially,  in  the  same  manner  as  in  Example  5, 

40  a  plurality  of  mirror-polished  silicon  wafers  2  were  sub- 
jected  to  a  particle  detector  to  observe  approximate  size 
or  location  of  a  slightly  irregular  surface  state  present 
on  the  silicon  wafers  2. 
[0085]  In  turn,  in  the  same  manner  as  in  Example  6, 

45  each  silicon  wafer  2  was  set  on  the  x-y  actuator  1  2  and 
a  surface  of  the  silicon  wafer  2  was  then  illuminated  with 
the  light  beam  8  using  the  Ar  laser  1  3,  as  shown  in  Fig. 
10(a).  The  xyz  stirring  actuator  27  was  then  driven  to 
lower  the  probe  needle  21  near  a  surface  of  the  wafer 

so  2,  and  the  second  x-y  actuator  15  was  moved  in  the  x- 
y  plane  so  that  the  light  beam  8  would  be  approximately 
applied  onto  a  region  adjacent  the  tip  of  the  probe  nee- 
dle  21.  The  positional  relation  between  the  beam  spot 
of  the  light  beam  8  and  the  probe  needle  21  was  adjust- 

55  ed  so  as  to  approximately  illuminate  a  region  adjacent 
the  tip  of  the  probe  needle  21  by  observing  the  beam 
spot  by  means  of,  for  example,  the  CRT  32  connected 
to  the  microscope  20  or  a  photodiode,  thereby  centering 
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the  location  of  the  tip  of  the  probe  needle  21  in  the  visual 
field  of  the  microscope  20.  Note  that  the  location  of  the 
tip  of  the  probe  needle  21  need  not  necessarily  be  cen- 
tered  in  the  visual  field,  and  it  may  be  placed  on  a  pre- 
determined  point  in  the  visual  field.  The  objective  lens 
and  eyepiece  of  the  microscope  used  here  had  X5  mag- 
nification  and  X20  magnification,  respectively,  and  the 
microscope  was  able  to  cover  a  visual  field  of  about  2 
mm  diameter  at  the  largest.  The  coordinates  indicated 
by  the  second  x-y  actuator  15  at  this  moment  were  (x3, 
y3).  The  focusing  point  of  the  microscope  20  was  made 
to  coincide  with  the  location  on  the  silicon  wafer  2  where 
the  light  beam  8  was  reflected.  Where  a  photodiode  or 
the  like  is  used  instead  of  the  microscope,  the  photodi- 
ode  should  be  disposed  as  facing  opposite  to  such  lo- 
cation  where  the  light  beam  8  is  reflected. 
[0086]  The  xyz  stirring  actuator  27  was  then  driven  to 
cause  the  metallic  probe  needle  21  to  move  away  from 
the  surface  of  the  silicon  wafer  2. 
[0087]  In  turn,  the  silicon  wafer  2  was  moved  to  a  po- 
sition  coincident  with  the  location  where  the  slightly  ir- 
regular  surface  state  11  was  considered  to  be  present, 
i.e.,  the  location  of  which  approximate  coordinates  had 
been  previously  detected  using  the  particle  detector,  by 
moving  the  second  x-y  actuator  15  so  as  to  bring  the 
wafer  2  to  the  target  position  where  the  light  beam  8 
should  be  applied. 
[0088]  In  turn,  the  surface  of  the  silicon  wafer  2  was 
observed  from  the  bright  field  section  by  moving  the  x- 
y  actuator  1  2  in  the  x-y  plane,  as  in  the  foregoing  exam- 
ples.  When  the  slightly  irregular  surface  state  11  was 
present  within  the  beam  spot  18,  a  dark  portion  19  was 
observed  at  the  coordinates  (x4,y4)  defined  by  the  x-y 
actuator  12  (refer  to  Fig.  10(b)). 
[0089]  With  respect  to  the  silicon  wafers  2  thus  eval- 
uated,  at  least  one  dark  portion  19  was  assuredly  ob- 
served  within  a  visual  field  of  about  2  mm  diameter  cov- 
ered  by  the  microscope,  the  location  of  such  a  dark  por- 
tion  being  coincident  with  the  approximate  coordinates 
of  the  location  where  the  slightly  irregular  surface  state 
was  considered  to  be  present  on  the  surface  of  the  sili- 
con  wafer  2  which  had  been  previously  detected  by  the 
particle  detector.  The  best  contrast  ratio  was  obtained 
and  the  evaluation  was  facilitated  when  the  light  beam 
was  s-polarized  light  obtained  by  adjusting  the  polarizer 
33  relative  to  the  surface  of  the  silicon  wafer  2.  Assum- 
ing  that  location  nn  where  the  dark  portion  19  was  ob- 
served  be  the  location  of  slightly  irregular  surface  state 
n,  the  location  nn  was  centered  in  the  visual  field  of  the 
microscope,  and  the  coodinates  (xnn,  ymm)  indicated  by 
the  x-y  actuator  12  at  this  moment  were  registered  as 
the  location  of  the  slightly  irregular  surface  state  n. 
[0090]  Then,  the  x-y  actuator  12  or  the  second  x-y  ac- 
tuator  15  was  moved  a  distance  (xnn-x0,  ymm-x3),  and 
thereafter  the  xyz  stirring  actuator  27  was  adjusted  to 
bring  the  probe  needle  21  into  contact  with  the  surface 
of  the  silicon  wafer  2.  In  this  way,  the  measurement  was 
performed  using  the  scanning  tunnel  microscope. 

[0091]  The  three-dimensional  measurement  thus  car- 
ried  out  on  the  slightly  irregular  surface  state  n  observed 
at  (xnn,  ymm)  gave  the  same  result  as  in  Example  5. 

5  EXAMPLE  9 

[0092]  This  example  is  an  example  of  a  method  for 
fabricating  a  semiconductor  device  according  to  the 
present  invention  where  the  atomic  force  microscope 

10  according  to  the  present  invention  was  used  to  examine 
a  slightly  irregular  surface  state  on  a  surface  of  a  sem- 
iconductor  wafer  in  a  semiconductor  device  production 
process. 
[0093]  For  example,  to  form  aluminum  interconnec- 

ts  tion  on  an  insulating  film  covering  a  silicon  wafer,  an  alu- 
minum  film  was  formed  to  a  thickness  of  about  0.05  to 
about  0.5  u.  m  on  the  entire  surface  by  sputtering  or  a 
like  process.  Thereafter,  the  location  of  a  slightly  irreg- 
ular  surface  state  present  on  a  surface  of  the  wafer  was 

20  approximately  specified  and  the  coordinates  (x,  y)  of  the 
approximate  location  were  examined  using  a  conven- 
tional  particle  detector. 
[0094]  In  turn,  the  silicon  wafer  was  placed  on  the  x- 
y  stage  of  the  atomic  force  microscope  and  positioned 

25  by  utilizing  the  center  of  the  wafer  which  was  defined 
based  on  the  orientation  flat  of  the  wafer  and  three 
points  on  the  circumference  thereof. 
[0095]  The  allowable  error  of  the  coordinates  (x,  y)  be- 
tween  the  particle  detector  and  the  atomic  force  micro- 

30  scope  ranged  from  about  +1  00  to  about  +500  u.  m.  Light 
beam  of  the  atomic  force  microscope  was  applied  onto 
a  region  adjacent  the  coordinates  (x,  y),  or  the  location 
of  the  slightly  irregular  surface  state  detected  by  the  par- 
ticle  detector,  thereby  exactly  specifying  the  location  of 

35  the  slightly  irregular  surface  state  and  measuring  the 
shape  thereof  in  the  manner  described  in  the  foregoing 
examples.  Although  there  existed  an  error  of  about  ±1  00 
to  about  ±500  u.  m  with  respect  to  the  coordinates  (x,y) 
between  the  particle  detector  and  the  atomic  force  mi- 

40  croscope  as  described  above,  positional  deviation  due 
to  such  an  error  was  within  the  range  covered  by  light 
beam  having  a  spot  size  of  about  2000  to  about  5000  u. 
m.  Thus,  the  location  of  the  slightly  irregular  surface 
state  was  exactly  specified  with  ease. 

45  [0096]  The  conventional  particle  detector  is  capable 
of  detecting  only  a  relatively  large  slightly  irregular  sur- 
face  state  and,  hence,  inspection  by  the  particle  detector 
does  not  allow  one  to  judge  whether  or  not  the  slightly 
irregular  surface  state  deleteriously  affects  the  semicon- 

50  ductor  device.  The  present  invention,  in  contrast,  is  able 
to  exactly  specify  the  location  of  a  slightly  irregular  sur- 
face  state  and  allows  one  to  three-dimensionally  appre- 
ciate  the  shape  of  the  slightly  irregular  surface  state  im- 
mediately,  for  example,  projection  or  pit,  or  the  depth 

55  and  width  of  a  recessed  slightly  irregular  surface  state. 
Where  the  patterning  for  interconnection  follows  the  in- 
spection,  a  fine  or  micro  pits  present  on  the  surface,  not 
a  fine  or  micro  projection  on  the  surface  in  this  case,  can 

12 
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be  a  cause  of  a  break  in  the  interconnection  since  an 
aluminum  interconnection  film  may  be  absent  or  made 
too  thin  or  too  narrow  in  the  fine  pit  present  on  the  sur- 
face.  Hence,  such  a  slightly  irregular  surface  state  can 
be  a  defect  depending  on  the  depth  or  width  thereof. 
According  to  the  design  rule  of  submicron  order,  in  in- 
terconnection  lines  having  a  width  of  0.5  u.  m  or  smaller 
the  presence  of  a  narrow  portion  which  is  smaller  in 
width  by  1/5  than  the  normal  portion  is  considered  to 
degrade  the  reliability  of  the  device.  Stated  otherwise, 
the  presence  of  a  pit  on  the  surface  having  a  depth  larger 
by  1/5  than  the  thickness  of  an  interconnection  line  hav- 
ing  a  width  of  0.1  u.  m  or  larger.  Accordingly,  if  a  wafer 
has  such  a  fine  pits  amounting  5  %  of  all  the  slightly 
irregular  surface  states  detected  by  the  particle  detector, 
the  result  of  the  inspection  may  be  fed  back  to  the  alu- 
minum  interconnection  formation  step  to  inform  that  de- 
fects  such  as  dust  or  peeled  portion  of  film  caused  by 
released  dust  are  present  on  the  wafer,  thereby  improv- 
ing  the  production  yield.  In  addition,  since  the  location 
of  each  slightly  irregular  surface  state  is  exactly  speci- 
fied,  there  can  be  specified  a  chip  having  a  slightly  ir- 
regular  surface  state  that  will  cause  a  failure. 
[0097]  Although  in  this  example  the  inspection  proc- 
ess  was  carried  out  after  the  aluminum  interconnection 
film  formation  step,  sampling  inspection  or  100  %  in- 
spection  according  to  the  present  invention  may  be  car- 
ried  out  at  certain  step  or  each  step  of  various  semicon- 
ductor  device  fabrication  steps  that  are  repeatedly  per- 
formed  such  as  cleaning,  ion  diffusion,  film  formation, 
exposure  and  etching. 
[0098]  Further,  although  this  example  used  the  atomic 
force  microscope,  the  use  of  another  scanning  probe  mi- 
croscope  such  as  the  scanning  tunnel  microscope  will 
permit  similar  inspection. 
[0099]  According  to  the  present  example,  the  location 
of  each  slightly  irregular  surface  state  on  a  semiconduc- 
tor  wafer  can  be  exactly  specified  in  a  semiconductor 
device  production  process.  The  results  of  the  inspection 
can  be  fed  back  to  each  step  of  the  production  process, 
while  defective  products  can  be  eliminated.  This  will 
contribute  to  improved  production  yield  in  the  production 
process  and  to  products  of  improved  reliability. 
[0100]  Further,  according  to  the  present  example,  a 
slightly  irregular  surface  state  smaller  than  0.1  u.  m  that 
cannot  be  detected  by  the  conventional  particle  detector 
can  be  found  out.  In  addition,  it  is  possible  to  examine 
a  slightly  irregular  surface  state  that  is  smaller  than  and 
lies  adjacent  a  slightly  irregular  surface  state  detected 
by  the  particle  detector.  Hence,  the  method  according 
to  the  present  example  can  assist  in  clearing  up  the 
cause  of  a  slightly  irregular  surface  state  detectable  by 
the  particle  detector. 

EXAMPLE  10 

[0101]  This  example  is  an  example  of  a  method  for 
fabricating  a  liquid  crystal  display  device  according  to 

the  present  invention  wherein  a  slightly  irregular  surface 
state  on  a  transparent  insulative  substrate  was  analyzed 
by  using  the  atomic  force  microscope  in  a  liquid  crystal 
display  device  production  process. 

5  [0102]  In  general,  a  liquid  crystal  display  device  is  fab- 
ricated  in  the  following  manner.  Initially,  a  TFT  substrate 
is  formed  by  providing  on  a  transparent  insulative  sub- 
strate  such  as  a  glass  substrate  a  thin  film  transistor 
(hereinafter  referred  to  as  "TFT")  as  a  switching  element 

10  for  each  pixel,  gate  interconnection  and  source  intercon- 
nection  between  pixels,  a  pixel  electrode  for  each  pixel 
and  the  like.  In  turn,  a  counterpart  substrate  is  formed 
by  providing  an  electrode  on  a  substrate.  In  turn,  these 
substrates  are  disposed  in  opposing  relation  with  each 

is  other  with  a  predetermined  gap  defined  therebetween 
and  then  bonded  to  each  other  at  their  marginal  portion. 
Finally,  a  liquid  crystal  material  is  introduced  into  the  gap 
between  the  two  substrates.  With  increasing  demand  for 
highly  miniaturized  components  of  a  liquid  crystal  dis- 

20  play  device  and  for  increased  rate  of  hole  area  permit- 
ting  light  to  pass  therethrough,  the  signal  interconnec- 
tion  lines  such  as  gate  interconnection  have  been  nar- 
rowed,  and  the  space  between  adjacent  pixels  has  also 
been  narrowed.  As  a  result,  a  break  of  a  signal  intercon- 

25  nection  line  and  a  shortcircuit  between  such  intercon- 
nection  lines  are  likely  to  occur. 
[0103]  The  process  for  forming  the  TFT  substrate  in- 
cludes  various  steps  such  as  film  formation,  exposure 
and  etching.  In  this  example  the  aforementioned  atomic 

30  force  microscope  according  to  the  present  invention 
was  used  after  the  metal  film  formation  step  for  forming 
gate  electrodes  and  gate  interconnection  to  examine 
and  analyze  a  slightly  irregular  surface  state  present  on 
a  surface  of  a  transparent  insulative  substrate  entirely 

35  covered  with  a  metal  film  such  as  tungsten  film  having 
a  thickness  of  about  0.  1  to  about  1  u.  m. 
[0104]  As  with  the  case  of  a  semiconductor  wafer,  a 
particle  detector  was  used  to  approximately  specify  the 
location  of  the  slightly  irregular  surface  state  on  a  film 

40  surface.  In  turn,  the  transparent  insulative  substrate  was 
placed  on  the  x-y  stage  of  the  atomic  force  microscope 
and  positioned  by  making  a  marked  portion  coincide 
with  the  reference  point  of  the  stage. 
[01  05]  The  allowable  error  of  the  coordinates  (x,  y)  be- 

45  tween  the  particle  detector  and  the  atomic  force  micro- 
scope  ranged  from  about  +100  to  ±500  u.  m.  As  in  Ex- 
ample  9,  the  location  of  the  slightly  irregular  surface 
state  was  exactly  specified  by  the  positioning  method  of 
the  present  invention. 

so  [0106]  Thereafter,  the  slightly  irregular  surface  state 
was  observed  using  the  atomic  force  microscope  and 
as  a  result  the  three-dimensional  shape  thereof  was  ap- 
preciated.  If  the  slightly  irregular  surface  state  is  judged 
to  cause  a  failure  on  the  basis  of  the  shape  thereof,  fine 

55  projection  or  pit,  or  the  size  or  depth  thereof,  the  results 
of  the  inspection  may  be  fed  back  to  the  metal  film  for- 
mation  step,  thereby  reducing  the  number  of  occurrenc- 
es  of  failures  caused  by  such  a  slightly  irregular  surface 
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state. 
[0107]  Although  in  this  example  the  aluminum  film  for 
interconnection  was  analyzed,  sampling  inspection  or 
1  00%  inspection  according  to  the  present  invention  may 
be  carried  out  after  any  fabrication  step  such  as  insula- 
tive  film  formation  step  or  etching  step. 
[0108]  Further,  although  this  example  used  the  atomic 
force  microscope,  the  scanning  tunnel  microscope  may 
be  used  instead. 
[0109]  According  to  the  present  example,  the  location 
of  each  slightly  irregular  surface  state  on  a  transparent 
insulative  substrate  can  be  exactly  specified  in  a  liquid 
crystal  display  device  production  process.  The  results 
of  the  inspection  can  be  fed  back  to  each  step  of  the 
production  process  to  eliminate  defective  products.  This 
will  contribute  to  improved  production  yield  of  a  liquid 
crystal  display  device  having  highly  miniaturized  multi- 
ple  pixel  and  to  a  device  of  improved  reliablity. 
[0110]  It  should  be  appreciated  that  although  each  of 
the  foregoing  examples  used  an  Ar  laser  as  the  light 
source  for  emitting  light  beam  for  detecting  a  slightly  ir- 
regular  surface  state,  the  light  source  is  not  limited  to 
the  Ar  laser  and  may  be  another  laser  light  source  such 
as  a  semiconductor  laser  or  any  other  light  source  that 
emits  light  beam  obtained  by  reducing  infrared  ray,  white 
light,  visible  light,  ultraviolet  ray  or  the  like  into  a  beam. 
The  positional  relation  between  the  sample  2  and  the 
probe  needle  of  the  microscope  was  adjusted  by  moving 
the  sample  2  (silicon  wafer)  by  means  of  the  x-y  actuator 
1  2.  Such  positional  relation  may  be  achieved  by  moving 
the  probe  needle  by  means  of  the  second  x-y  actuator. 
Further,  in  each  of  the  foregoing  examples,  the  second 
x-y  actuator  was  provided  so  as  to  initially  locate  the 
probe  needle.  However,  the  second  x-y  actuator  is  not 
necessarily  needed  if  the  probe  needle  is  kept  stationary 
and  the  location  thereof  is  specified.  Features  other  than 
described  of  the  atomic  force  microscope  or  scanning 
tunnel  microscope  of  the  present  invention  are  similar 
to  those  of  the  conventional  atomic  force  microscope  or 
scanning  tunnel  microscope,  and  the  configuration  of 
the  microscope  of  the  invention  may  be  modified  as  far 
as  the  functions  thereof  are  exhibited. 
[0111]  Further,  it  should  be  appreciated  that  although 
Examples  5  to  8  used  a  silicon  wafer  as  the  sample  2, 
the  sample  2  is  not  limited  to  a  silicon  wafer  and  may  be 
another  flat  substrate  (including  a  substrate  having  a 
slightly  uneven  surface)  such  as  a  transparent  insulative 
substrate. 
[0112]  As  has  been  described,  according  to  the 
present  invention  a  surface  of  a  sample  is  illuminated 
with  light  beam  for  detecting  a  slightly  irregular  surface 
state  present  on  the  surface,  and  irregularly  reflected 
light  or  a  dark  portion  of  the  beam  spot  is  observed  from 
the  dark  or  bright  field  section  by  means  of  a  light  beam 
variation  sensor  such  as  a  microscope  or  a  photodiode 
to  specify  the  location  of  the  slightly  irregular  surface 
state.  Further,  the  probe  needle  of  the  scanning  probe 
microscope  or  the  slightly  irregular  surface  state  is 

moved  relative  to  each  other.  This  allows  the  probe  nee- 
dle  to  contact  only  the  region  of  the  sample  where  the 
slightly  irregular  surface  state  is  present.  Furthermore, 
when  a  particle  detector  is  used  in  combination  with  an 

5  analyzer  in  the  present  invention  and  even  if  a  deviation 
of  several  thousand  microscopes  occurs  between  the 
coordinate  system  of  the  particle  detector  and  that  of  the 
analyzer  when  these  coordinate  system  are  linked  to 
each  other,  a  slightly  irregular  surface  state  can  be  de- 

10  tected  and  the  location  thereof  can  be  specified  in  terms 
of  the  coordinate  system  of  the  analyzer  by  observing 
the  variation  of  light  beam  having  a  beam  spot  size  cov- 
ering  such  a  deviation. 
[0113]  The  likelihood  of  an  oversight  can  be  reduced 

is  since  the  scanning  probe  microscope  of  the  present  in- 
vention  analyzer  is  possible  to  detect  a  slightly  irregular 
surface  state  that  is  undetectable  by  the  particle  detec- 
tor. 
[0114]  Accordingly,  a  slightly  irregular  surface  state 

20  present  in  the  immense  surface  of  the  sample  can  easily 
be  detected,  while  at  the  same  time  three-dimensional 
measurement  can  be  performed  on  a  selected  and  lim- 
ited  region  of  the  sample  where  the  slightly  irregular  sur- 
face  state  is  present.  This  allows  the  time  period  of  the 

25  measurement  to  be  substantially  reduced  thereby 
promptly  evaluating  the  quality  of  the  sample. 
[0115]  Further,  the  method  for  fabricating  a  semicon- 
ductor  device  or  a  liquid  crystal  display  device  according 
to  the  present  invention  is  capable  of  detecting  and  ex- 

30  amining  slightly  irregular  surface  states  present  on  a 
semiconductor  wafer  or  a  transparent  insulative  sub- 
strate  and  appropriately  coping  with  these  slightly  irreg- 
ular  surface  states.  This  contributes  to  a  reduction  in  the 
number  of  occurrences  of  defects  even  in  a  microscopic 

35  pattern  of  submicron  order  or  smaller  order  and  to  an 
improvement  in  the  production  yield  of  even  a  VLSI  hav- 
ing  a  very  high  integration  density.  In  addition,  a  defect 
which  may  cause  a  failure  during  use  of  the  semicon- 
ductor  device  can  be  eliminated,  thus  resulting  in  a  de- 

40  vice  of  substantially  improved  reliability. 

Claims 

45  1.  A  scanning  probe  microscope  for  measuring  a 
three-dimensional  image  of  a  surface  of  a  sample, 
so  as  to  detect  slightly  irregular  surface  states,  com- 
prising 

so  an  xyz  stirring  actuator  for  three-dimensionally 
stirring  a  probe  needle  of  the  scanning  probe 
microscope  or  the  sample  to  bring  the  probe 
needle  near  the  sample, 
a  light  source  for  providing  a  non-collimated 

55  white  light  beam  for  detecting  irregular  surface 
states  present  on  a  predetermined  region  of  the 
surface  of  the  sample, 
a  light  beam  variation  sensor,  disposed  in  a 
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dark  field  section  of  the  light  beam,  for  sensing 
irregularly  reflected  light  of  the  light  beam 
caused  by  an  irregular  surface  state,  and 
an  xy  actuator  for  moving  said  surface  of  said 
sample  for  determining  the  location  of  the  irreg- 
ular  surface  state. 

2.  A  scanning  probe  microscope  for  measuring  a 
three-dimensional  image  of  a  surface  of  a  sample, 
so  as  to  detect  slightly  irregular  surface  states,  com- 
prising 

an  xyz  stirring  actuator  for  three-dimensionally 
stirring  a  probe  needle  of  the  scanning  probe 
microscope  or  the  sample  to  bring  the  probe 
needle  near  the  sample, 
a  light  source  for  providing  a  non-collimated 
white  light  beam  for  detecting  irregular  surface 
states  present  on  a  predetermined  region  of  the 
surface  of  the  sample, 
a  light  beam  variation  sensor,  disposed  in  a 
bright  field  section  of  the  light  beam,  for  sensing 
a  dark  portion  of  the  light  beam  caused  by  an 
irregular  surface  state,  and 
an  xy  actuator  for  moving  said  surface  of  said 
sample  for  determining  the  location  of  the  irreg- 
ular  surface  state. 

3.  A  scanning  probe  microscope  of  claim  1  or  2, 
wherein  said  light  source  is  a  laser  light  source. 

4.  A  scanning  probe  microscope  of  claim  1  or  2, 
wherein  said  microscope  is  an  atomic  force  micro- 
scope,  said  microscope  further  comprising 

a  cantilever,  and 
a  light-emitting  element  and  a  light-receiving  el- 
ement  which  are  provided  for  detecting  a  bent 
of  the  cantilever,  wherein 
said  probe  needle  of  said  microscope  is  mount- 
ed  on  a  tip  of  the  cantilever  and  adapted  to 
brought  near  the  surface  of  the  sample. 

einem  xyz-Ruhrstellglied  zum  dreidimensiona- 
len  Ruhren  einer  Sondennadel  des  Rasterson- 
denmikroskops  oder  der  Probe,  urn  die  Son- 
dennadel  nahe  an  die  Probe  zu  bringen, 

5  einer  Lichtquelle  zur  Bereitstellung  eines  nicht 
kollimierten  weiBen  Lichtstrahls  zur  Erfassung 
unregelmaBiger  Oberflachenzustande,  die  auf 
einem  vorbestimmten  Bereich  der  Oberflache 
der  Probe  vorhanden  sind, 

10  einem  Lichtstrahlschwankungsfuhler,  der  in  ei- 
nem  Dunkelfeldabschnitt  des  Lichtstrahls  an- 
geordnet  ist,  urn  unregelmaBig  reflektiertes 
Licht  des  Lichtstrahls  zu  erfassen,  das  durch 
einen  unregelmaBigen  Oberflachenzustand 

is  hervorgerufen  wird,  und 
einem  xy-Stellglied  zur  Bewegung  der  Oberfla- 
che  der  Probe,  urn  den  Ort  des  unregelmaBi- 
gen  Oberflachenzustands  zu  bestimmen. 

20  2.  Rastersondenmikroskop  zur  Messung  eines  dreidi- 
mensionalen  Bilds  einer  Oberflache  einer  Probe, 
urn  leicht  unregelmaBige  Oberflachenzustande  zu 
erfassen,  mit: 

25  einem  xyz-Ruhrstellglied  zum  dreidimensiona- 
len  Ruhren  einer  Sondennadel  des  Rasterson- 
denmikroskops  oder  der  Probe,  urn  die  Son- 
dennadel  nahe  an  die  Probe  zu  bringen, 
einer  Lichtquelle  zur  Bereitstellung  eines  nicht 

30  kollimierten  weiBen  Lichtstrahls  zur  Erfassung 
unregelmaBiger  Oberflachenzustande,  die  auf 
einem  vorbestimmten  Bereich  der  Oberflache 
der  Probe  vorhanden  sind, 
einem  Lichtstrahlschwankungsfuhler,  der  in  ei- 

35  nem  Hellfeldabschnitt  des  Lichtstrahls  ange- 
ordnet  ist,  urn  ein  dunkles  Teilgebiet  des  Licht- 
strahls  zu  erfassen,  das  durch  einen  unregel- 
maBigen  Oberflachenzustand  hervorgerufen 
wird,  und 

40  einem  xy-Stellglied  zur  Bewegung  der  Oberfla- 
che  der  Probe,  urn  den  Ort  des  unregelmaBi- 
gen  Oberflachenzustands  zu  bestimmen. 

5.  A  scanning  probe  microscope  of  claim  1  or  2, 
wherein  said  microscope  is  a  scanning  tunnel  mi- 
croscope  and  said  probe  needle  of  said  microscope 
is  a  metallic  probe  needle  adapted  to  be  brought 
near  the  surface  of  the  sample  for  making  tunnel 
current  flow  between  the  sample  and  the  metallic 
probe  needle. 

Patentanspriiche 

1  .  Rastersondenmikroskop  zur  Messung  eines  dreidi- 
mensionalen  Bilds  einer  Oberflache  einer  Probe, 
urn  leicht  unregelmaBige  Oberflachenzustande  zu 
erfassen,  mit: 

3.  Rastersondenmikroskop  nach  Anspruch  1  oder  2, 
45  wobei  die  Lichtquelle  eine  Laserlichtquelle  ist. 

4.  Rastersondenmikroskop  nach  Anspruch  1  oder  2, 
wobei  das  Mikroskop  ein  Atomkraftmikroskop  ist 
und  das  Mikroskop  auBerdem 

50 
einen  Tragearm  sowie 
ein  lichtemittierendes  Element  und  ein  licht- 
empfangendes  Element  umfaBt,  die  zur  Erfas- 
sung  einer  Biegung  des  Tragearms  vorgese- 

55  hen  sind,  wobei 
die  Sondennadel  des  Mikroskops  an  einer  Spit- 
ze  des  Tragearms  befestigt  ist  und  dazu  ange- 
pa!3t  ist,  nahe  an  die  Oberflache  der  Probe  ge- 
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bracht  zu  werden. 

5.  Rastersondenmikroskop  nach  Anspruch  1  oder  2, 
wobei  das  Mikroskop  ein  Rastertunnelmikroskop  ist 
und  die  Sondennadel  des  Mikroskops  eine  metalli- 
sche  Sondennadel  ist,  die  dazu  angepaBt  ist,  nahe 
an  die  Oberflache  der  Probe  gebracht  zu  werden, 
urn  zwischen  der  Probe  und  der  metallischen  Son- 
dennadel  einen  Tunnelstrom  flieBen  zu  lassen. 

Revendications 

un  actionneur  suivant  xy  pour  deplacer  ladite 
surface  dudit  echantillon  pour  determiner  I'em- 
placement  de  I'etat  de  surface  irregulier. 

5  3.  Microscope  a  sonde  de  balayage  selon  la  revendi- 
cation  1  ou  2,  dans  lequel  ladite  source  de  lumiere 
est  une  source  de  lumiere  laser. 

4.  Microscope  a  sonde  de  balayage  selon  la  revendi- 
10  cation  1  ou  2,  dans  lequel  ledit  microscope  est  un 

microscope  a  force  atomique,  ledit  microscope 
comprenant  en  outre 

1  .  Microscope  a  balayage  a  sonde  servant  a  mesurer 
une  image  tridimensionnelle  d'une  surface  d'un  is 
echantillon,  pour  detecter  des  etats  de  surface  le- 
gerement  irreguliers,  comprenant 

un  actionneur  de  deplacement  suivant  xyz, 
pour  deplacer  d'une  maniere  tridimensionnelle  20 
une  aiguille  de  sonde  du  microscope  a  balaya- 
ge  a  sonde  ou  I'echantillon  pour  amener 
I'aiguille  de  sonde  a  proximite  de  I'echantillon, 
une  source  de  lumiere  servant  a  produire  un 
faisceau  non  collimate  de  lumiere  blanche  pour  25 
detecter  des  etats  de  surface  irreguliers  pre- 
sents  dans  une  region  predeterminee  de  la  sur- 
face  de  I'echantillon, 
un  detecteur  de  variation  du  faisceau  de  lumie- 
re  dispose  dans  une  section  de  champ  sombre  30 
du  faisceau  de  lumiere,  pour  detecter  une  lu- 
miere  du  faisceau  de  lumiere,  reflechie  de  fa- 
con  irreguliere  et  produite  par  un  etat  de  surfa- 
ce  irregulier,  et 
un  actionneur  suivant  xy  pour  deplacer  ladite  35 
surface  dudit  echantillon  pour  determiner  I'em- 
placement  de  I'etat  de  surface  irregulier. 

2.  Microscope  a  balayage  a  sonde  servant  a  mesurer 
une  image  tridimensionnelle  d'une  surface  d'un  40 
echantillon,  pour  detecter  des  etats  de  surface  le- 
gerement  irreguliers,  comprenant 

un  actionneur  de  deplacement  suivant  xyz, 
pour  deplacer  d'une  maniere  tridimensionnelle  45 
une  aiguille  de  sonde  du  microscope  a  balaya- 
ge  a  sonde  ou  I'echantillon  pour  amener 
I'aiguille  de  sonde  a  proximite  de  I'echantillon, 
une  source  de  lumiere  servant  a  produire  un 
faisceau  non  collimate  de  lumiere  blanche  pour  so 
detecter  des  etats  de  surface  irreguliers  pre- 
sents  dans  une  region  predeterminee  de  la  sur- 
face  de  I'echantillon, 
un  detecteur  de  variation  du  faisceau  de  lumie- 
re  dispose  dans  une  section  de  champ  brillante  55 
du  faisceau  de  lumiere,  pour  detecter  une  par- 
tie  sombre  du  faisceau  de  lumiere  produite  par 
un  etat  de  surface  irregulier,  et 

un  bras  en  console,  et 
un  element  photoemissif  et  un  element  de  re- 
ception  qui  sont  prevus  pour  detecter  un  coude 
du  bras  en  console, 
ladite  aiguille  de  sonde  dudit  microscope  etant 
montee  sur  une  pointe  du  bras  en  console  et 
etant  adaptee  pour  etre  amenee  a  proximite  de 
la  surface  de  I'echantillon. 

5.  Microscope  a  sonde  de  balayage  selon  la  revendi- 
cation  1  ou  2,  dans  lequel  ledit  microscope  est  un 
microscope  a  balayage  a  effet  tunnel  et  ladite 
aiguille  de  sonde  dudit  microscope  est  une  aiguille 
de  sonde  metallique  adaptee  pour  etre  amenee  a 
proximite  de  la  surface  de  I'echantillon  pour  faire  cir- 
culer  un  flux  de  courant  produit  par  effet  tunnel  entre 
I'echantillon  et  I'aiguille  de  sonde  metallique. 
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