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description 

The  invention  relates  to  techniques  for  local 
nalysis  of  surfaces;  more  particularly,  it  is 
lirected  to  techniques  for  mass  spectral  analysis 
if  species  of  matter  on,  or  forming  a  part  of,  a 
urface. 
In  surface  analysis  by  mass  spectroscopic  tech- 

liquesthe  specimen  to  be  examined  is  placed  in  a 
ligh-vacuum  chamber  and  bombarded  by  a 
irobe  beam  of  one  kind  or  another.  The  probe 
ieam  removes  a  sample  of  matter  from  the 
lurface,  at  least  a  portion  of  which  is  ionized  in 
he  process  of  removal  or  subsequent  thereto, 
"he  ionized  sample  is  then  subjected  to  mass 
ipectral  analysis. 

Examples  of  known  techniques  for  surface 
nass  spectral  analysis  include  laser  microprobe 
nethods  and  secondary  ion  mass  spectrometry. 
5oth  of  these  methods  contain  undesirable  limita- 
ions.  Laser  microprobe  mass  spectrometry,  for 
sxample,  uses  a  focused  high-intensity  laser  to 
rradiate  a  surface  directly  and  blow  off  large 
imounts  of  material,  only  a  small  fraction  of 
which  is  ionized  as  it  departs  from  the  surface, 
rhe  high-intensity  laser  results  in  highly  destruc- 
ive  sampling  of  the  surface;  the  intense  laser 
julse  used  in  typical  instruments  forms  craters  of 
).1  to  1.0  micrometers  in  depth  and  is  therefore 
lot  truly  surface-sensitive.  The  laser  microprobe 
:echnique  is  also  difficult  to  model  because  ioni- 
;ation  efficiencies  depend  sensitively  on  the 
/arious  collisional  processes  occurring  in  the 
aser-generated  plasma  at  the  surface. 

In  secondary  ion  mass  spectrometry  (SIMS)  the 
surface  under  examination  is  bombarded  with  an 
on  beam  or  fast  neutral  beam,  which  sputters  a 
sample  of  ionized  and  neutral  matter  from  the 
surface.  In  general,  quantitative  analytical  infor- 
mation  is  difficult  to  derive  from  the  SIMS  method 
because  the  physical  processes  that  determine 
the  ionization  probability  of  the  sputtered  matter 
are  not,  as  a  rule,  well  understood  and  because 
ionization  probabilities  depend  sensitively  on  sur- 
face  composition  (so-called  matrix  effects)  and 
cleanliness  (so-called  chemical  enhancement 
effects).  As  a  practical  matter,  quantitative  ana- 
lytical  information  can  be  extracted  from  the 
SIMS  method  only  by  using  especially  prepared 
standards  for  comparison. 

In  many  of  the  commonly  practiced  techniques, 
such  as  the  laser  microprobe  or  SIMS  methods, 
only  a  small  portion  of  the  sample  removed  from 
the  surface  is  ionized.  One  attempt  to  provide  a 
highly  ionized  sample  is  disclosed  in  U.S.  Patent 
No.  4,001  ,582  in  the  name  of  Castaing,  et  al.  In  the 
Castaing  method,  particles  sputtered  from  the 
surface  are  introduced  into  a  chamber  at  high 
temperatures  and  are  subjected  to  successive 
adsorptions  and  desorptions  on  the  walls  of  the 
chamber.  This  process  efficiently  ionizes  atoms  of 
suitably  low  ionization  potential  with  a  high 
probability.  However,  molecules  (as  opposed  to 
atoms)  are  generally  dissociated  in  the  hot  ioniz- 
ing  chamber,  so  that  the  Castaing  method  yields 

inTormaxion  oniy  on  aiumii;  speuiea.  nuuiuunauy, 
many  atoms  have  ionization  potentials  too  large 
to  be  ionized  and  detected  by  this  method.  Con- 
tamination  and  material  degradation  problems 

?  can  also  be  severe  in  the  extreme  environment  of 
the  high  temperature  detector. 

Another  approach  presenting  enhanced  ioniza- 
tion  efficiency  is  disclosed  by  N.  Winograd,  J.  P. 
Baxter  and  F.M.  Kimock,  Chemical  Physics 

o  Letters,  Vol.  88,  No.  6,  1982  pp.  581—84.  In  this 
approach  a  laser  is  directed  to  a  sample  of  neutral 
atoms,  which  have  been  sputtered  from  the  sur- 
face  under  examination.  The  laser  is  tuned  to  a 
predetermined  wavelength  corresponding  to  an 

5  excited  state  of  a  preselected  atom  of  interest 
known  or  expected  to  be  present  in  the  sample. 
The  laser  has  sufficient  intensity  to  induce  reso- 
nance  multiphoton  ionization  of  the  preselected 
atom.  This  method  has  the  obvious  drawback  that 

■o  it  is  necessary  to  tune  the  laser  to  a  predeter- 
mined  wavelength.  Thus,  the  method  is  applic- 
able  only  to  certain  species  of  matter  which  have 
known  excitation  spectra  with  excitation 
wavelengths  accessible  to  the  available  laser  and 

>.s  which  are  already  known  or  strongly  suspected  to 
be  present  on  the  surface. 

PCT  application  WO  A1  83.02572  to  Hurst  dis- 
closes  methods  of  analyzing,  among  other  things, 
the  elemental  composition  of  solid  surfaces. 

w  This  reference  is  specifically  directed  to  an  ultra 
sensitive  method,  which  is  at  the  same  time 
highly  selective.  The  disclosed  resonance-ioniza- 
tion  technique  is  used  to  detect  extremely  small 
quantities  of  a  previously  known  compound  in  a 

is  larger  sample.  It  is  to  be  noted  that  the  Hurst 
reference  is  limited  to  resonant  photoionization. 

The  Seaver  reference  (volume  34,  pages 
159—173,  1980,  Amsterdam  NL)  from  the  inter- 
national  Journal  of  Mass  spectrometry  and  ion 

to  physics  discloses  the  use  of  a  non-resonant  ioniz- 
ing  beam  of  radiation  to  induce  non-resonant 
photoionization  in  a  laboratory  arrangement,  and 
not  in  an  instrument  for  analysis  of  surfaces. 

The  present  invention,  as  defined  in  claims 
i5  1  —  15,  provides  an  extremely  reliable  and  ver- 

satile  method  and  apparatus  for  detecting  and 
distinguishing  unknown  species  of  matter  at 
extremely  low  surface  concentrations.  It  has  been 
discovered  that  the  process  of  non-resonant 

50  photoionization  may  be  utilized  to  make  a  practi- 
cal  instrument  capable  of  highly  sensitive  surface 
diagnostics  and  free  of  the  restrictions  imposed 
by  the  above-mentioned  methods. 

Briefly,  under  high  vacuum  a  probe  beam  such 
55  as  an  ion  beam,  electron  beam,  or  laser  beam  is 

directed  to  the  surface  under  examination  to 
cause  a  sample  of  material  to  be  removed  from 
the  surface.  A  beam  of  electromagnetic  radiation, 
which  may  be  provided  by  an  untuned,  high- 

60  intensity  laser,  is  then  directed  to  a  spatial  region 
proximate  to  the  surface  causing  non-resonant 
ionization  of  the  removed  surface  sample  within 
the  beam  of  radiation.  It  has  been  discovered  that 
within  the  practical  limits  of  readily  achievable 

65  laser  intensities  this  beam  may  be  given  sufficient 

o 
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intensity  to  induce  a  high  degree  of  non-resonant, 
and  hence  non-selective,  photoionization  of  the 
sample.  The  ionized  sample  is  then  subjected  to 
mass  spectral  analysis  to  determine  the  nature  of 
the  species  included  therein. 

Apparatus  according  to  the  invention  for  prac- 
ticing  the  above  method  includes  an  evacuation 
chamber,  in  which  is  disposed  a  means  for 
mounting  the  specimen  under  examination.  A 
probe  beam  means  is  provided  for  directing  a 
probe  beam  at  the  surface  of  the  specimen  so  as 
to  cause  a  sample  to  be  ejected  into  the  evacua- 
tion  chamber.  Ionizing  beam  means  provides  a 
non-resonant  ionizing  beam  of  radiation  which  is 
directed  at  a  spatial  region  (referred  to  as  the 
ionization  region)  above  the  surface.  The  ionizing 
beam  has  an  intensity  sufficient  to  induce  non- 
resonant  photoionization  of  the  sample  found  in 
the  ionizing  region.  Means  is  provided  within  the 
evacuation  chamber  for  accelerating  the  ionized 
sample  into  a  region  including  means  for  mass 
analysis  of  the  ions.  A  preferred  mass  analysis 
means  compatible  with  pulsed  laser  ionization 
provides  an  ion  drift  region,  so  as  to  enable  time- 
of-flight  analysis  of  the  ionized  sample.  For 
greater  mass  resolution  a  preferred  embodiment 
of  the  apparatus  includes  ion  reflector  means 
disposed  within  the  drift  region  for  effectively 
compensating  for  undesirable  spreading  of  the 
arrival  times  caused  by  the  initial  ion  velocity 
distributions.  Detection  means  is  disposed  within 
the  evacuation  chamber  for  detecting  the  ions 
emerging  from  the  drift  region. 

The  invention  provides  a  number  of  advantages 
which  have  not  previously  been  found  in  a  single 
instrument.  The  method  and  apparatus  according 
to  the  invention  are  not  restricted  to  the  investiga- 
tion  of  atomic  species  or  simple  molecular 
species  having  known  excitation  and  ionization 
spectra.  The  invention  may  be  applied  to  a  wide 
variety  of  compounds  of  interest  including  con- 
taminated  or  doped  substrates,  adsorbed  or 
reacted  overlayers,  or  even  biological  samples 
which  have  been  precipitated  onto  or  otherwise 
applied  to  a  surface.  All  masses  can  be  investi- 
gated  simultaneously  with  a  single  (untuned) 
laser  wavelength.  Every  atom  is  accessible  to 
ionization  by  the  present  technique. 

The  probe  beam  intensity  may  be  adjusted  so 
as  to  produce  minimal  damage  to  the  surface 
under  examination.  Notwithstanding  the  reduced 
probe  beam  intensity,  the  nonresonant  ionizing 
beam  produces  sufficient  ionization  of  the  sample 
that  even  extremely  low  concentrations  of  matter 
can  be  detected. 

The  method  and  apparatus  of  the  invention  are 
sufficiently  reliable  and  accurate,  and  sufficiently 
nondestructive  in  the  surface-removal  step,  that  it 
is  possible  to  monitor  changes  in  concentrations 
of  species  in  the  course  of  chemical  reactions 
taking  place  on  the  surface. 

Afurther  understanding  and  appreciation  of  the 
nature  and  advantages  of  the  invention  may  be 
gained  by  reference  to  the  remaining  portion  of 
the  specification  and  to  the  attached  drawings. 

Brief  Description  of  the  Drawings 
Figure  1  is  a  perspective  view  of  apparatus 

according  to  the  invention; 
Figure  2  is  an  elevational  view  of  a  detail  from 

5  Figure  1  showing  two  alternative  ionizing  reg- 
ions;  and 

Figure  3  is  a  block  schematic  diagram  of  an 
electronic  circuit  for  use  with  the  apparatus  of 
Figure  1. 

10 
Detailed  Description  of  the  Preferred 
Embodiment 

The  nonresonant  photoionization  method  of 
the  present  invention  requires  a  probe  beam  for 

15  removing  a  sample  of  material  from  the  surface 
under  examination  and  a  separate  high-intensity 
nonresonant  ionizing  beam  of  radiation.  As  the 
term  "nonresonant  ionizing  beam  of  radiation"  is 
used  herein,  it  means  a  beam  of  electromagnetic 

20  radiation  which  has  not  been  tuned  to  a  predeter- 
mined  wavelength  associated  with  the  specimen 
under  examination.  The  great  advantage  to  be 
derived  from  a  high-intensity  nonresonant  ioniz- 
ing  beam,  which  has  not  been  achieved  by  photo- 

25  ionization  methods  employed  in  the  past,  is  that 
efficient  ionization  is  achievable  without  the 
necessity  of  knowing  in  advance  the  nature  of  the 
species  of  matter  under  examination.  Therefore,  it 
is  also  not  necessary  to  know  the  excitation 

30  spectra  of  the  various  components  of  the  species 
under  examination. 

The  probe  beam  for  removing  the  sample  from 
the  surface  may  be  provided,  for  example,  by  an 
electron  beam,  an  ion  beam,  a  fast  atom  beam,  or 

35  a  laser  beam. 
The  separation  of  the  sample-removal  step 

from  the  ionization  step  allows  independent  con- 
trol  of  the  sample  removal  and  ionization  pro- 
cesses.  Thus  the  probe  beam  can  be  directed  to  a 

40  localized  region  of  the  surface  and  adjusted  in 
intensity  so  as  to  scan  the  depth  from  which  the 
sample  is  removed  (so-called  depth  profiling)  or 
to  scan  the  surface  area  over  which  the  sample  is 
removed  (so-called  microscopy).  In  this  manner 

45  mono-layers  of  particles  adsorbed  on  the  surface 
may  be  sampled  from  extremely  localized 
regions. 

Ionization  of  the  sample  under  examination 
may  occur  through  single-photon  and  multi- 

50  photon  processes.  Ionization  occurs  by  means  of 
a  multi-photon  mechanism  at  a  lower  photon 
energy  than  by  means  of  a  single-photon 
mechanism,  but  the  multi-photon  approach 
requires  higher  overall  intensities.  In  fact,  it  has 

55  generally  been  believed  that  a  resonance  condi- 
tion  is  required  in  the  multi-photon  approach  to 
achieve  sufficient  ionization  for  subsequent  mass 
spectral  analysis.  In  the  present  invention  it  has 
been  discovered  that  ionization  of  the  sample 

60  removed  from  the  surface  can  be  saturated  in  the 
ionizing  region  with  nonresonant  multi-photon 
photoionization.  This  discovery  has  eliminated 
the  serious  drawbacks  of  the  resonance  multi- 
photon  ionization  method:  namely,  the  need  to 

65  know  the  components  of  the  species  of  matter 

4 
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jnder  examination  in  advance;  the  need  to  know 
heir  excitation  spectra  so  that  the  laser  may  be 
:uned  to  each  predetermined  multi-photon  reso- 
lance;  and  the  resultant  limitation  of  detecting 
jnly  one  mass-to-charge  ratio  at  a  time.  Although 
a  laser  with  sufficient  intensity  to  induce  nonre- 
sonant  multi-photon  ionization  may  also 
:oincidently  produce  an  occasional  resonant  ioni- 
zation  of  some  species  present  in  the  sample,  the 
(nowledge  of  the  existence  of  such  species  is  not 
necessary  beforehand.  The  possibility  of  such 
ncidental  resonant  excitations  has  not  been  found 
:o  interfere  with  the  nonresonant  photoionization 
Df  the  bulk  of  the  sample,  nor  has  the  presence  of 
an  occasional  resonant  excitation  been  found  to 
detract  from  the  advantages  derived  from  nonre- 
sonant  photoionization. 

The  ionizing  beam  for  nonresonant  multi- 
photon  ionization  may  be  provided  by  a  laser 
(laving  a  power  density  in  the  range  of  106  to  1012 
i/V/cm2.  The  laser  is  advantageously  pulsed  for 
time-of-flight  mass  spectrometry,  the  pulses 
having  a  period  of  about  10~8  seconds.  For  nonre- 
sonant  single-photon  ionization  less  light  is 
needed;  generally  though,  pulses  with  at  least 
about  1012  photons  per  pulse  are  needed  for 
efficient  ionization. 

By  way  of  example,  a  mass  spectrum  was 
derived  from  a  sputter-cleaned  surface  of  an  NBS 
standard  copper  specimen  of  known  bulk  com- 
position.  With  a  pulsed  3-keV  Ar+  ion  probe  beam 
hitting  the  surface  over  an  area  -of  about  0.1  cm2 
and  a  10  pulse/sec,  20  millijoule/pulse  KrF  (248nm) 
laser  ionizing  beam  focused  by  a  40  cm  focal 
length  lens  to  a  spot  1  mm  above  the  specimen 
surface,  impurity  isotopes  at  concentrations  from 
1  to  10  ppm  (parts  per  million)  were  easily 
observed  in  an  experiment  that  removed  a  total  of 
about  10"10g,  equivalent  to  0.01  monolayer,  from 
the  copper  sample.  In  this  experiment  the  detector 
was  estimated  to  collect  one  ion  for  every  1  04—  1  0s 
surface  atoms  removed  by  the  probe  beam. 

These  results  are  cited  by  way  of  example  only, 
and  it  should  be  readily  appreciated  by  those 
skilled  in  the  art  that  conventional  techniques  can 
be  used  to  obtain  a  larger  collection  solid  angle  in 
the  ionization  zone  both  through  betterfocusing  of 
the  ion  beam  onto  the  surface,  allowing  smaller 
distances  from  the  ionization  zone  to  the  surface, 
and  through  larger  ionization  zones  derived  from 
more  intense  pulsed  lasers  or  larger  laser  beam 
focal  waists.  Impurity  measurements  well  below 
the  level  of  1  ppm  should  be  readily  accessible. 

In  this  copper  sample,  sputtered  neutral  dimers 
are  also  observed  as  dimer  ions  after  photoioniza- 
tion  by  the  laser.  These  include,  of  course,  Cu2  but 
also  CuAg  even  though  each  of  the  two  isotopes  of 
Ag  is  only  approximately  50  ppm  of  the  Cu  sample. 
For  various  metal  samples  doubly  charged  ions, 
e.g  Pt++,  W++,  Ta++,  Cu++,  have  also  been 
observed,  which  indicates  strongly  saturated  con- 
ditions  for  the  singly  ionized  entities.  In  another 
example,  hydrocarbon  molecules  adsorbed  on 
catalytically  active  metal  surfaces  have  been 
observed. 

Apparatus  tor  practicing  the  above  metnoa  win 
now  be  described  with  reference  to  the  overall 
view  shown  in  Figure  1  and  the  detail  of  Figure  2. 
The  specimen  of  interest  10  is  mounted  in  fixed 

5  position  by  specimen  holder  11,  which  exposes 
the  surface  12  under  examination.  Probe  beam 
means  13  provides  a  probe  beam  which  is  directed 
to  a  localized  area  of  the  surface  12.  The  probe 
beam  means  13  is  illustrated  schematically  in 

w  Figure  1  .  It  will  generally  include  a  beam  source  14 
and  means  15  for  directing  the  probe  beam 
generated  by  source  14  onto  the  localized  area  of 
the  surface  12  under  examination. 

Beam  source  14  may  be  provided,  for  example, 
15  by  an  electron  gun  or  ion  gun  or  by  a  laser.  The 

construction  of  such  beam  sources  is  conventional 
and  is  well  known  to  those  skilled  in  the  art,  for 
example,  from  electron  beam  desorption,  ion 
beam  sputtering,  or  laser  microprobe  techniques. 

20  When  the  probe  beam  is  a  charged  particle  beam, 
mean's  15  for  directing  the  beam  onto  the  surface 
1  2  may  be  provided  by  an  assembly  comprising  an 
electrostatic  or  magnetic  lens  and  horizontal  and 
vertical  electrostatic  deflection  plates.  When  a 

25  laser  provides  the  probe  beam,  means  15  will 
generally  be  provided  by  a  system  of  mirrors  and 
lenses.  In  focusing  the  ion  beam  or  laser  beam 
onto  a  localized  region  of  the  surface  12,  the  means 
15  enhances  the  power  density  of  the  beam  at  the 

30  surface,  which  allows  a  lower  intensity  ion  beam 
or  laser  to  be  used  for  the  beam  source  14. 

Means  17  provides  an  ionizing  beam  of  radiation 
which  is  directed  to  a  region  proximate  to  the 
surface  1  2  so  as  to  irradiate  a  substantial  portion  of 

35  the  sample  removed  by  the  probe  beam.  The 
means  17  will  generally  include  a  high-intensity 
light  source  18,  a  focusing  lens  system  19  and  an 
iris  20  for  use  in  defining  the  position  of  the 
ionizing  beam.  Beam  source  18  will  typically  be 

40  provided  by  a  high-intensity  laser  or  an  assembly 
of  lasers  and  optical  materials  and  components 
coupled  together  to  achieve  sufficiently  high 
power  for  saturation  of  the  ionization  of  the 
sample  under  investigation. 

45  Generally,  use  of  a  shorter  wavelength  of  light 
will  permit  saturation  of  ionization  at  lower  light 
intensities  than  for  longer  wavelengths.  Quantita- 
tive  analysis  of  relative  amounts  of  desorbed  or 
sputtered  atomic  species  can  be  achieved  by 

so  measuring  the  signal  levels  at  the  saturation 
power  density  for  ionization  of  each  chemical 
species.  The  dependence  of  the  mass  spectrum  on 
laser  power  is  a  useful  diagnostic  tool  both  for 
assessing  relative  degrees  of  saturation  of  ioniza- 

55  tion  of  different  species  and  for  evaluating  the 
importance  of  dissociation  processes  in  molecular 
components.  For  examination  of  molecules, 
especially  complex  entities,  high  laser  powers 
may  cause  extensive  molecular  fragmentation  in 

60  addition  to  the  ionization;  use  of  lower  laser 
powers  will  often  yield  spectra  with  lower  degrees 
of  fragmentation. 

The  specimen  under  investigation  is  housed 
.within  an  evacuation  chamber  22  which  is  pro- 

65  vided  with  pumping  means,  e.g.,  a  port  23  adapted 
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for  connection  to  a  vacuum  pump  (not  shown). 
When  the  probe  beam  is  provided  by  a  laser 
beam,  the  laser  is  mounted  outside  of  chamber 
22,  which  is  provided  with  an  additional  window 
(not  shown)  through  which  the  beam  enters  the 
chamber.  When  probe  beam  source  14  is  pro- 
vided  by  an  ion  gun,  the  source  14  may  be 
contained  in  an  adjacent  chamber  evacuated  by 
additional  vacuum  pumps  (not  shown)  and  con- 
nected  to  chamber  22  by  a  small  aperture  through 
which  the  ion  beam  enters. 

In  the  embodiment  of  Figure  1  evacuation 
chamber  22  is  provided  with  diametrically 
opposed  windows  24  and  25,  through  which  the 
ionizing  beam  of  radiation  is  projected.  The  ioniz- 
ing  beam  means  17  is  mounted  outside  evacua- 
tion  chamber  22,  and  the  ionizing  beam  is 
directed  through  window  24  to  the  ionization 
region  proximate  to  the  surface  12  under  investi- 
gation.  The  ionizing  beam  continues  through 
window  25,  passes  through  position-defining  iris 
26,  and  is  received  by  detector  27,  which  serves  to 
monitor  the  light  intensity.  For  convenience 
mounting  means  28  is  provided  within  evacuation 
chamber  22  for  mounting  a  plurality  of  speci- 
mens.  In  this  way  several  specimens  may  be 
investigated  without  having  to  break  the  vacuum 
within  chamber  22.  Mounting  means  28  is  con- 
nected  to  a  position  manipulator  (not  shown)  and 
is  accessible  through  an  associated  specimen 
introduction  system  (not  shown). 

Evacuation  chamber  22  also  includes  mass 
spectrometer  means,  indicated  generally  at  31, 
for  mass  analysis  of  the  sample  ionized  by  the 
ionizing  beam.  The  preferred  embodiment  utilizes 
a  time-of-f  light  mass  spectrometer.  Other  types  of 
mass  spectrometers,  for  example,  the  Mattauch- 
Herzog  focal  plane  mass  spectrometer,  may  be 
employed  as  well.  As  illustrated  in  Figures  1  and 
2,  evacuation  chamber  22  includes  gridded 
electrostatic  extraction  network  32,  electrostatic 
focusing  lens  33,  deflection  plates  34,  field-free 
region  36,  ion  reflection  means  37,  and  particle 
detector  38.  The  arrangement  of  Figures  1  and  2 
provides  for  two  alternative  placements  of  the 
ionizing  laser  beam.  When  the  specimen  under 
examination  has  an  electrically  conducting  sur- 
face,  the  beam  may  be  directed  close  to  the 
surface  at  the  position  indicated  at  39  in  Figure  2. 
In  this  arrangement  the  electrostatic  extraction 
network  32  is  not  energized.  Instead,  the  surface 
of  the  specimen  is  floated  at  a  high  potential  to 
repel  the  photo-ions  through  the  network  32  and 
into  the  time-of-flight  drift  region  36.  When  the 
surface  of  the  specimen  under  examination  is  not 
electrically  conducting,  the  ionizing  laser  beam  is 
directed  between  two  grids  of  the  electrostatic 
extraction  network  32,  as  illustrated  in  Figure  2  at 
40.  In  this  arrangement  it  is  the  network  32  which 
repels  the  photo-ions  into  drift  region  36.  Win- 
dows  24  and  25  are  large  enough  to  allow  the 
laser  beam  to  be  directed  to  either  of  the  positions 
39  or  40.  After  extraction  from  the  ionizing  region, 
the  photo-ions  are  focused  by  electrostatic  focus- 
ing  lens  33  and  aligned  by  deflection  plates  34.  In 

an  alternative  embodiment,  immersion  lens 
means  could  be  used  to  accelerate  and  direct  the 
photo-ions. 

In  a  typical  time-of-flight  mass  spectrometer  the 
5  ions  exiting  from  the  drift  region  would  be 

received  directly  by  a  detector.  In  the  preferred 
embodiment  of  the  invention  ions  leaving  the 
drift  region  are  reflected  by  ion  reflection  means 
37  and  traverse  the  field-free  drift  region  36  once 

w  again  to  enter  detector  38.  The  detector  is  a 
particle  multiplier,  for  example,  a  microchannel 
plate  which  is  apertured  so  that  only  ions  coming 
from  the  direction  of  reflecting  means  37  will  be 
detected.  As  illustrated  in  Figure  1,  the  ion  reflec- 

ts  tor  37  comprises  outer  reflector  grid  41  at  ground 
potential,  middle  reflector  grid  42,  providing  a 
decelerating  potential,  an  assembly  of  electro- 
static  guard  rings  43  connected  by  resistors  to 
insure  a  uniform  field  in  the  reflector  region,  and  a 

20  back  reflector  grid  44,  providing  a  reflecting 
potential.  The  embodiment  of  Figure  1  also 
includes  an  auxiliary  particle  detector  46  of  like 
construction  to  particle  detector  38  positioned  to 
detect  particles  passing  entirely  through  reflector 

25  means  37.  When  the  ionization  region  is  located 
at  position  39  near  the  surface  under  examina- 
tion,  ions  produced  directly  at  the  surface  by  the 
probe  beam  (the  so-called  secondary  ions)  will 
have  a  higher  energy  than  the  photo-ions  pro- 

30  duced  by  the  ionizing  laser.  These  ions  can  be 
separated  by  adjusting  the  relative  potential  of 
the  surface  of  specimen  10  and  the  back  reflecting 
grid  44  of  reflecting  means  37  so  that  the  higher- 
energy  secondary  ions  pass  through  the  back 

35  reflector  grid  44  and  are  detected  by  particle 
detector  46  while  the  lower-energy  photo-ions  are 
reflected  and  detected  by  detector  38.  When  the 
ionizing  beam  passes  between  the  plates  of  the 
electrostatic  extraction  network  32,  the  secondary 

40  ions  are  prevented  from  entering  spectrometer  31 
by  the  repelling  plate  potential  of  network  32. 

The  use  of  an  ion  reflector  in  time-of-flight  mass 
spectrometry  is  known  in  the  art.  The  construc- 
tion  of  such  an  ion  reflector  is  disclosed,  for 

45  example,  by  D.M.  Lubman  et  al..  Analytical 
Chemistry,  Vol.  55,  No.  8  (1983)  pp.  1437  —  40  and 
by  G.S.  Janes  in  U.S.  Patent  No.  3,727,047.  The 
ion  reflector  provides  for  high  resolution  over  a 
wide  range  of  charge-to-mass  ratios  by  compen- 

50  sating  for  the  spread  in  the  times  at  which  ions 
would  otherwise  arrive  at  detector  38  due  to  their 
initial  velocity  distribution.  The  ion  reflector  is 
especially  advantageous  in  the  present  invention 
to  provide  greater  resolution  of  the  many  com- 

55  ponents  which  may  be  non-selectively  ionized  by 
the  nonresonant  beam.  Afurther  advantage  of  the 
ion  reflector  in  the  present  invention  is  the  ability 
it  affords  for  distinguishing  metastable  molecular 
ions  that  dissociate  along  the  path  in  drift  region 

60  36  before  entering  the  reflector.  The  potential  of 
the  back  reflector  grid  44  can  be  adjusted  so  that 
the  parent  ions  pass  through  while  the  decay 
products  of  the  lower-energy  metastable  ions  are 
reflected  for  detection  by  detector  38.  Thus,  the 

65  use  of  the  ion  reflector  enables  the  instrument  to 
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ake  greater  advantage  of  the  nonresonant 
leam's  capacity  for  nonselective  ionization.  A 
jrther  advantage  of  the  ion  reflector  in  the 
iresent  invention,  which  has  not  been  appreci- 
ted  in  surface  analysis  techniques,  is  the  dis- 
rimination  between  photo-ions  and  secondary 
Dns  described  in  the  preceding  paragraph. 

In  many  applications  of  the  invention  it  is 
lesirable  to  operate  the  probe  beam  and  the 
anizing  beam  in  a  pulsed  mode.  A  block  schema- 
ic  diagram  of  electronic  circuitry  for  operation  of 
he  invention  is  shown  in  Figure  3.  Pulse 
lenerator  51  provides  a  master  repetition-rate 
Jgnal,  for  example,  a  ten  Hertz  signal  for  control- 
ing  the  pulse  repetition  rate  of  the  probe  and/or 
onizing  beams.  The  master  signal  from  pulse 
jenerator  51  is  applied  to  three-channel  delay 
jenerator  52.  Channel  1  of  delay  generator  52 
>rovides  a  trigger  signal  to  probe  beam  pulsing 
neans  53.  The  pulsing  means  53  is  operatively 
issociated  with  the  probe  beam  means  for  pro- 
iucing  a  probe  beam  pulse  having  a  desired 
vidth.  Channel  2  of  delay  generator  52  provides  a 
rigger  signal  to  ionizing  beam  pulsing  means  54, 
vhich  is  operatively  associated  with  the  ionizing 
jeam  source  to  provide  a  desired  pulse  delay. 
Suitable  pulsing  means  are  well  known  to  those 
skilled  in  the  art  from  their  use  in  other  pulsed  ion 
Deam  or  pulsed  electron  beam  applications  and 
julsed  laser  applications  and  will  not  be 
described  further.  Channel  3  of  delay  generator  52 
Drovides  a  trigger  signal  to  transient  recorder  56. 
rhe  trigger  signal  from  channel  3  sets  the  time 
josition  for  the  initial  channel  of  the  transient 
■ecorder  in  a  time-of-flight  measurement.  Block 
57  represents  the  signal-generating  portion  of  the 
Darticle  detector,  for  example,  the  anode  of  a 
nultichannel  plate  particle  multiplier.  The  signal 
From  block  57  is  passed  through  a  variable  high- 
Frequency  response  signal  attenuator  58,  which 
may  be  of  conventional  design,  and  is  amplified 
by  fast  linear  amplifier  59.  The  amplified  signal  is 
applied  to  transient  recorder  56,  which  may  be 
provided  by  a  fast  A/D  converter.  With  a  laser 
pulse  width  of  5-10  nanoseconds,  attenuator  58 
and  amplifier  59  should  have  bandwidths  greater 
than  150  megahertz  to  achieve  acceptable  resolu- 
tion.  The  time-of-flight  measurement  data  regis- 
tered  by  transient  recorder  56  are  entered  into 
computer  60  for  storage  and  analysis.  Methods  of 
analysis  of  time-of-flight  measurement  data  are 
well  known  to  those  skilled  in  the  art  and  do  not 
form  a  part  of  the  present  invention. 

Signal  attenuator  58  is  helpful  in  comparing 
different  components  present  in  greatly  differing 
concentrations.  For  a  sufficiently  large  signal 
associated  with  a  component  present  in  high 
concentration,  amplifier  59  will  tend  to  saturate, 
which  will  bias  the  ratio  of  components  present. 
Attenuator  58  reduces  large  signals  by  a  known 
factor  so  as  to  allow  the  normalization  of  small 
signals  to  large  ones. 

The  circuitry  of  Figure  3  is  presented  only  by 
way  of  illustration  and  numerous  alternative 
arrangements  could  be  used.  For  example,  the 

trigger  signal  inaicaxing  ine  urne  ^eru  iui  a  imic- 
of-flight  measurement  may  alternatively  be  pro- 
vided  by  a  pulse  suitably  delayed  after  initiation 
by  a  pulse  from  a  photo  diode  positioned  to 

;  detect  light  from  the  laser  beam.  Start  and  stop 
pulses  generated  by  the  photo  diode  and  by  the 
particle  detector,  respectively,  can  be  applied  with 
suitable  time  delay  of  the  start  pulse  to  a  time-to- 
digital  converter  for  time-of-flight  measurement 

o  in  an  alternative  approach  for  examining  mass 
ranges  where  the  ion  arrival  rate  is  low  (less  than 
1  ion  per  laser  pulse). 

The  apparatus  and  method  of  the  present 
invention  may  be  utilized  in  a  variety  of  surface 

5  and  diagnostic  applications.  In  addition  to  detect- 
ing  components  present  in  low  concentrations  on 
a  surface,  the  invention  provides  sufficient  resolu- 
tion  and  is  sufficiently  non-destructive  that  it  may 
be  used  to  monitor  chemical  reactions  taking 

o  place  on  the  surface.  The  invention  is  also  suited 
for  in  situ  diagnostics  of  integrated  circuit  com- 
ponents.  For  example,  the  method  .  described 
herein  may  be  combined  with  standard  ion  mill- 
ing  techniques  to  achieve  depth  profiling  of  IC 

!5  chips.  With  a  focused  probe  beam  the  method 
and  apparatus  can  also  be  used  as  a  microscope 
to  reveal  the  composition  of  topographical 
features.  Adsorbed  molecules,  including  radical 
species,  can  be  detected  in  circumstances  as 

w  diverse  as  heterogeneous  catalysis,  chemical 
agents  monitoring,  and  analysis  of  biological 
molecules.  In  this  regard,  the  ionizing  laser  power 
density  may  be  varied  over  a  range  to  examine 
fragmentation  patterns  of  biological  or  other 

is  complex  molecules.  Angular  distributions  of 
atoms  and  molecules  removed  from  the  surface 
by  the  probe  beam  may  be  monitored  by  control- 
ling  the  position  at  which  the  probe  beam  strikes 
the  surface  and  its  relation  to  the  location  of  the 

io  ionization  volume.  In  addition,  the  pulsed  mode 
of  operation  may  be  used  to  monitor  kinetic 
energy  distributions  of  desorbing  or  sputtered 
species  by  varying  the  time  delay  between 
channel  1  and  2  of  delay  generator  52  in  Figure  3. 

K  In  this  circumstance,  the  velocity  of  a  particle 
removed  from  the  surface  and  traveling  toward 
the  ionization  region  will  be  inversely  pro- 
portional  to  the  time  of  flight  from  the  localized 
region  under  examination  to  the  ionization 

so  region.  With  the  present  invention  the  probe 
beam  pulse  width  and  the  width  of  the  ionization 
region  may  be  made  sufficiently  small  to  achieve 
good  resolution  of  the  kinetic  energy  distribution. 

While  the  above  provides  a  full  and  complete 
55  disclosure  of  the  preferred  embodiments  of  the 

invention,  various  modifications,  alternate  con- 
structions,  and  equivalents  may  be  employed 
without  departing  from  the  scope  of  the  invention 
as  claimed.  Therefore,  the  above  description  and 

60  illustration  should  not  be  construed  as  limiting 
the  scope  of  the  invention,  which  is  defined  by  the 
appended  claims. 

00 
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Claims 

1.  A  method  of  analyzing  a  surface  (1  2)  wherein  a 
probe  beam  (13)  is  directed  at  the  surface  to  cause 
a  sample  of  material  to  be  removed  therefrom,  an 
ionizing  beam  of  radiation  is  directed  at  the 
removed  sample  proximate  the  surface  to  ionize 
the  sample,  and  the  ionized  sample  is  subjected  to 
mass  spectrometric  analysis,  characterized  in  that: 

said  ionizing  beam  is  a  non-resonant  beam 
having  an  intensity  sufficient  to  induce  non- 
resonant  photo-ionization  of  said  sample, 
whereby  unknown  species  of  matter  included  in 
said  sample  will  be  non-selectively  ionized  and  the 
nature  of  said  unknown  species  of  matter  will  be 
determined  by  said  mass-spectrometric  analysis. 

2.  The  method  according  to  claim  1,  further 
characterized  in  that  said  ionizing  beam  has  an 
intensity  sufficient  to  induce  non-resonant  multi- 
photon  ionization  of  said  sample. 

3.  The  method  according  to  claims  1  or  2  further 
characterized  in  that  said  ionizing  beam  has  an 
intensity  sufficient  to  induce  saturated  non- 
resonant  ionization  of  said  sample. 

4.  The  method  according  to  any  of  claims  1  ,  2  or 
3  further  characterized  in  that  said  ionized  sample 
is  subjected  to  time-of-flight  mass  spectrometric 
analysis  and  said  analysis  includes  the  step  of  time 
focusing  said  ionized  sample  so  as  to  compensate 
for  a  spread  in  velocities  of  ions  in  said  sample, 
thereby  enhancing  the  resolution  of  said  analysis. 

5.  The  method  according  to  claim  4,  wherein 
said  time  focusing  step  comprises  the  step  of 
electrostatically  reflecting  said  ionized  sample. 

6.  The  method  according  to  any  of  claims  1,  2  or 
3,  further  characterized  in  that  said  ionized  sample 
is  subjected  to  time-of-flight  mass  spectrometric 
analysis  and  said  analysis  includes  the  step  of 
energetically  discriminating  against  secondary 
ions  from  the  surface,  thereby  reducing  unwanted 
background. 

7.  The  method  according  to  any  one  of  claims 
1  —  6,  further  characterized  in  that  the  intensity  of 
said  probe  beam  is  adjusted  so  as  to  remove  only 
minute  amounts  of  material  from  said  surface, 
whereby  minimal  damage  is  done  to  said  surface. 

8.  Apparatus  for  use  in  analyzing  a  surface  (12) 
including  probe  beam  means  (13)  providing  a 
probe  beam  directed  at  the  surface  (12)  under 
examination  to  cause  a  sample  of  material  to  be 
removed  therefrom,  ionizing  beam  means  (13) 
providing  an  ionizing  beam  of  radiation  directed  at 
a  spatial  region  proximate  said  surface  (12)  to 
ionize  the  sample,  and  a  mass  spectrometer  (31) 
disposed  to  analyze  the  ionized  sample,  charac- 
terized  in  that  said  ionizing  beam  means  provides 
a  non-resonant  ionizing  beam  having  an  intensity 
sufficient  to  induce  non-resonant  photo-ionization 
of  said  sample  in  said  spatial  region,  whereby 
unknown  species  of  matter  included  in  said 
sample  will  be  non-selectively  ionized  .and  the 
nature  of  said  unknown  species  of  matter  will  be 
determined  by  said  mass  spectrometer. 

9.  Apparatus  according  to  claim  8,  further 
characterized  in  that  said  ionizing  beam  means 

provides  a  non-resonant  ionizing  beam  of  radi- 
ation  having  an  intensity  sufficient  to  induce  non- 
resonant  multi-photon  ionization  of  said  sample. 

10.  Apparatus  according  to  claim  8  or  9  further 
5  characterized  in  that  said  mass  spectrometer  is 

provided  by  a  time-of-flight  mass  spectrometer 
and  further  includes  means  for  discriminating 
against  secondary  ions  from  the  surface  under 
examination. 

10  11.  Apparatus  according  to  claim  10  further 
characterized  in  that  said  means  for  discriminating 
compromises  ion  reflector  means. 

12.  Apparatus  according  to  claim  8  or  9  further 
characterized  in  that  said  mass  spectrometer  is 

is  provided  by  a  time-of-flight  mass  spectrometer 
and  further  includes  means  for  time  focusing  said 
ionized  sample  so  as  to  compensate  for  a  spread  in 
initial  velocities  of  ions  in  said  sample,  thereby 
enhancing  the  resolution  of  said  analysis. 

20  13.  Apparatus  of  claim  12  further  characterized 
in  that  said  means  fortime  focusing  comprises  ion 
reflector  means. 

14.  Apparatus  according  to  any  one  of  claims  8 
to  13,  further  including  means  for  pulsing  said 

25  probe  beam,  thereby  reducing  damage  to  said 
surface. 

15.  Apparatus  according  to  claim  14,  further 
including  means  for  pulsing  said  ionizing  beam  in 
time  correlation  with  said  probe  beam. 

30 
Patentanspruche 

1.  Verfahren  zum  Analysieren  einer  Oberflache 
(12),  bei  dem  ein  Sondenstrahl  (13)  auf  dieOberfia- 

35  che  gerichtet  wird,  um  zu  bewirken,  dalS  von  dieser 
einer  Materialprobe  abgelostwird,  bei  dem  weiter- 
hin  ein  ionisierendes  Strahlungsbundel  auf  die 
abgeloste  Probe  in  der  Nahe  der  Oberflache 
gerichtet  wird,  um  die  Probe  zu  ionisieren,  und  bei 

40  dem  schlieSlich  die  ionisierte  Probe  einer  massen- 
spektrometrischen  Analyse  unterworfen  wird, 
dadurch  gekennzeichnet,  da  (5  das  ionisierende 
Bundel  ein  aulSer  Resonanz  befindliches  Bundel 
ist,  das  eine  ausreichende  Intensitat  besitzt,  um 

45  eine  nicht-resonante  Photo-lonisation  der  Probe 
zu  induzieren,  wodurch  unbekannte  in  der  Probe 
enthaltene  Materialarten  in  nicht-selektiver  Weise 
ionisiert  werden  und  die  Beschaffenheit  der  unbe- 
kannten  Materialarten  durch  die  massenspektro- 

50  metrische  Analyse  bestimmt  wird. 
2.  Verfahren  nach  Anspruch  1,  dadurch  gekenn- 

zeichnet,  dafS  das  zu  ionisierende  Bundel  eine 
ausreichende  Intensitat  aufweist,  um  eine  nicht- 
resonante  Mehrphotonen-lonisation  der  Probe  zu 

55  induzieren. 
3.  Verfahren  nach  Anspruch  1  oder  2,  dadurch 

gekennzeichnet,  daft  das  ionisierende  Bundel  eine 
ausreichende  Intensitat  aufweist,  um  eine  gesat- 
tigte  nicht-resonante  lonisation  der  Probe  zu  indu- 

es  zieren. 
4.  Verfahren  nach  einem  der  Anspruche  1  ,  2  oder 

3,  dadurch  gekennzeichnet,  dalS  die  ionisierte 
Probe  einer  flugzeitrmassenspektrometrischen 
Analyse  unterworfen  wird,  und  dalS  diese  Analyse 

65  den  Schritt  umfalSt,  die  ionisierte  Probe  zeitlich  so 
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zu  fokussieren,  daB  eine  Streuung  der  lonenge- 
schwindigkeiten  in  der  Probe  kompensiert  wird, 
wodurch  die  Auflosung  der  Analyse  erhoht  wird. 

5.  Verfahren  nach  Anspruch  4,  dadurch 
gekennzeichnet,  daB  der  Schritt  der  Zeitfokussie- 
rung  den  Schritt  einer  elektostatischen  Reflexion 
der  ionisierten  Probe  umfaBt. 

6.  Verfahren  nach  einem  der  Anspruche  1,  2 
oder  3,  dadurch  gekennzeichnet,  daB  die  ioni- 
sierte  Probe  einer  flugzeit-massenspektrometri- 
schen  Analyse  unterworfen  wird,  und  daB  diese 
Analyse  den  Schritt  einer  energetischen  Diskrimi- 
nierung  gegeniiber  von  der  Oberflache  stam- 
menden  Sekundarionen  umfaBt,  wodurch  uner- 
wunschtes  Hintergrundrauschen  reduziert  wird. 

7.  Verfahren  nach  einem  der  Anspruche  1  bis 
6,  dadurch  gekennzeichnet,  daB  die  Intensitat  des 
Sondenstrahls  so  eingestellt  wird,  daB  nur  win- 
zige  Materialmengen  von  der  Oberflache  abge- 
lost  werden,  wodurch  diese  Oberflache  nur  eine 
minimale  Beschadigung  erfahrt. 

8.  Vorrichtung  zur  Verwendung  bei  der  Ana- 
lyse  einer  Oberflache  (12),  mit  einer  Sonden- 
strahleinrichtung  (13),  die  einen  auf  die  zu  prti- 
fende  Oberflache  (12)  gerichteten  Sondenstrahl 
liefert,  um  die  Ablosung  einer  Materialprobe  von 
dieser  zu  bewirken,  mit  einer  lonisierungsbundel- 
Einrichtung  (13),  die  ein  ionisierendes  Strah- 
lungsbundel  liefert,  das  auf  einen  Raumbereich 
in  der  Nahe  der  Oberflache  (12)  gerichtet  ist,  um 
die  Probe  zu  ionisieren,  und  mit  einem  Massen- 
spektrometer  (31),  das  zum  Analysieren  der  ioni- 
sierten  Probe  vorgesehen  ist,  dadurch  gekenn- 
zeichnet,  dalS  die  lonisierungsbundel-Einrichtung 
ein  nicht-resonantes  lonisierungsbundel  liefert, 
das  eine  ausreichende  Intensitat  besitzt,  um  eine 
nicht-resonante  Photo-lonisation  der  Probe  in 
dem  Raumbereich  zu  induzieren,  wodurch  unbe- 
kannte,  in  der  Probe  enthaltene  Materialarten 
nicht-selektiv  ionisiert  werden  und  die  Beschaf- 
fenheit  dieser  unbekannten  Materialarten  durch 
das  Massenspektrometer  bestimmbar  ist. 

9.  Vorrichtung  nach  Anspruch  8,  dadurch 
gekennzeichnet,  daB  die  lonisierungsbundel-Ein- 
richtung  ein  nicht-resonantes  ionisierendes 
Strahlungsbiindel  liefert,  das  eine  ausreichende 
Intensitat  besitzt,  um  eine  nicht-resonante  Multi- 
photonen-lonisation  der  Probe  zu  induzieren. 

10.  Vorrichtung  nach  Anspruch  8  oder  9, 
dadurch  gekennzeichnet,  daB  das  Massenspek- 
trometer  von  einem  Flugzeit-Massenspektro- 
meter  gebildet  wird  und  weiterhin  eine  Einrich- 
tung  zur  Diskriminierung  gegeniiber  Sekundario- 
nen  umfaBt,  die  von  der  zu  priifenden  Oberflache 
stammen. 

11.  Vorrichtung  nach  Anspruch  10,  dadurch 
gekennzeichnet,  daB  die  Einrichtung  zur  Diskri- 
minierung  eine  lonen-Reflektor-Einrichtung 
umfaBt. 

12.  Vorrichtung  nach  Anspruch  8  oder  9, 
dadurch  gekennzeichnet,  daB  das  Massenspek- 
trometer  von  einem  Flugzeit-Massenspektrome- 
ter  gebildet  wird  und  weiterhin  eine  Einrichtung 
zur  zeitlichen  Fokussierung  der  ionisierten  Probe 
umfaBt,  um  so  eine  Streuung  in  der  Anfangsge- 

schwmdigkeit  der  lonen  in  aer  rroDe  zu  Kompen- 
sieren,  wodurch  die  Auflosung  der  Analyse 
erhoht  wird. 

13.  Vorrichtung  nach  Anspruch  12,  dadurch 
5  gekennzeichnet,  daB  die  Einrichtung  zur  zeitli- 

chen  Fokussierung  eine  lonen-Reflektor-Einrich- 
tung  umfaBt. 

14.  Vorrichtung  nach  einem  der  Anspruche  8 
bis  13,  die  weiterhin  Mittel  zum  Pulsen  des  Son- 

m  denstrahls  umfaBt,  wodurch  die  Beschadigung 
der  Oberflache  herabgesetzt  wird. 

15.  Vorrichtung  nach  Anspruch  14,  die  weiter- 
hin  Mittel  zum  Pulsen  des  lonisierungsbiindels  in 
zeitlicher  Korrelation  mit  dem  Sondenstrahl 

15  umfaBt. 

Revendications 

1.  Procede  d'analyse  d'une  surface  (12),  dans 
w  lequel  un  faisceau  (13)  de  sonde  est  dirige  sur  la 

surface  de  facon  a  provoquer  I'enlevement  de 
celle-ci  d'un  echantillon  de  matiere,  un  faisceau 
de  rayonnement  ionisant  est  dirige  sur  I'echantil- 
lon  enleve  a  proximite  de  la  surface  pour  ioniser 

25  I'echantillon,  et  I'echantillon  ionise  est  soumis  a 
une  analyse  par  spectrometrie  de  masse, 
caracterise  en  ce  que: 

ledit  faisceau  ionisant  est  un  faisceau  non 
resonnant  ayant  une  intensite  suffisante  pour 

so  induire  une  photo-ionisation  non  resonnante 
dudit  echantillon,  de  maniere  que  des  especes 
inconnues  de  matiere  incluses  dans  ledit  echan- 
tillon  soient  ionisees  non  selectivement  et  que  la 
nature  desdites  especes  inconnues  de  matiere 

35  soit  determinee  par  ladite  analyse  par  spectro- 
metrie  de  masse. 

2.  Procede  selon  la  revendication  1,  caracterise  ■ 
en  outre  en  ce  que  ledit  faisceau  ionisant  pos- 
sede  une  intensite  suffisante  pour  induire  une 

40  ionisation  multiphotonique  non  resonnante  dudit 
echantillon. 

3.  Procede  selon  la  revendication  1  ou  2, 
caracterise  en  outre  en  ce  que  ledit  faisceau 
ionisant  possede  une  intensite  suffisante  pour 

45  induire  une  ionisation  non  resonnante  saturee 
dudit  echantillon. 

4.  Procede  selon  I'une  quelconque  des  revendi- 
cations  1,  2  ou  3,  caracterise  en  outre  en  ce  que 
ledit  echantillon  ionise  est  soumis  a  une  analyse 

so  par  spectrometrie  de  masse  a  temps  de  parcours 
et  ladite  analyse  comprend  I'etape  consistant  a 
concentrer  dans  le  temps  ledit  echantillon  ionise 
afin  de  compenser  une  dispersion  des  vitesses 
des  ions  dans  ledit  echantillon,  ameliorant  ainsi 

55  la  resolution  de  ladite  analyse. 
5.  Procede  selon  la  revendication  4,  dans 

lequel  ladite  etape  de  concentration  dans  le 
temps  comprend  I'etape  d'une  reflexion  electro- 
statique  dudit  echantillon  ionise. 

60  6.  Procede  selon  I'une  quelconque  des  revendi- 
cations  1,  2  ou  3,  caracterise  en  outre  en  ce  que 
ledit  echantillon  ionise  est  soumis  a  une  analyse 
par  spectrometrie  de  masse  a  temps  de  parcours 
et  ladite  analyse  comprend  I'etape  consistant  a 

65  evincer  de  fagon  energetique  des  ions 
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secondaires  provenant  de  la  surface,  reduisant 
ainsi  le  bruit  de  fond  indesire. 

7.  Procede  selon  I'une  quelconque  des  revendi- 
cations  1  —  6,  caracterise  en  outre  en  ce  que 
I'intensite  dudit  faisceau  de  sonde  est  reglee  de 
facon  a  enlever  seulement  de  tres  petites  quan- 
tites  de  matiere  de  ladite  surface,  de  maniere 
qu'une  deterioration  minimale  soit  occasionnee  a 
ladite  surface. 

8.  Appareil  a  utiliser  dans  I'analyse  d'une  sur- 
face  (12)  comprenant  un  moyen  (13)  a  faisceau  de 
sonde  produisant  un  faisceau  de  sonde  dirige  sur 
la  surface  (12)  en  cours  d'examen  pour  amener  un 
echantillon  de  matiere  a,  en  etre  enleve,  un 
moyen  (13)  a  faisceau  ionisant  produisant  un 
faisceau  de  rayonnement  ionisant  dirige  dans  une 
zone  spatiale  proche  de  ladite  surface  (12)  pour 
ioniser  I'echantillon,  et  un  spectrometre  de  masse 
(31)  dispose  de  fagon  a  analyser  I'echantillon 
ionise,  caracterise  en  ce  que  ledit  moyen  a  fais- 
ceau  ionisant  produit  un  faisceau  ionisant  non 
resonnant  ayant  une  intensite  suffisante  pour 
induire  une  photo-ionisation  non  resonnante 
dudit  echantillon  dans  ladite  zone  spatiale,  afin 
que  des  especes  inconnues  de  matiere  incluses 
dans  ledit  echantillon  soient  ionisees  de  fagon 
non  selective  et  que  la  nature  desdites  especes 
inconnues  de  matiere  soit  determinee  par  ledit 
spectrometre  de  masse. 

9.  Appareil  selon  la  revendication  8,  caracterise 
en  outre  en  ce  que  ledit  moyen  a  faisceau  ionisant 
produit  un  faisceau  de  rayonnement  ionisant  non 
resonnant  ayant  une  intensite  suffisante  pour 

induire  une  ionisation  multiphotonique  non 
resonnante  dudit  echantillon. 

10.  Appareil  selon  la  revendication  8  ou  9, 
caracterise  en  outre  en  ce  que  ledit  spectrometre 

5  de  masse  est  constitue  d'un  spectrometre  de 
masse  a  temps  de  parcours  et  comprend  en  outre 
un  moyen  pour  evincer  des  ions  secondaires 
provenant  de  la  surface  en  cours  d'examen. 

11.  Appareil  selon  la  revendication  10,  caracte- 
w  rise  en  outre  en  ce  que  lesdits  moyens  pour 

evincer  comprennent  un  moyen  reflecteur  d'ions. 
12.  Appareil  selon  la  revendication  8  ou  9, 

caracterise  en  outre  en  ce  que  ledit  spectrometre 
de  masse  est  constitue  par  un  spectrometre  de 

15  masse  a  temps  de  parcours  et  comprend  en  outre 
un  moyen  pour  concentrer  dans  le  temps  ledit 
echantillon  ionise  afin  de  compenser  une  disper- 
sion  des  vitesses  initiales  d'ions  dans  ledit  echan- 
tillon,  ameliorant  ainsi  la  resolution  de  ladite 

20  analyse. 
13.  Appareir  selon  la  revendication  12,  caracte- 

rise  en  outre  en  ce  que  ledit  moyen  de  concentra- 
tion  dans  le  temps  comprend  un  moyen  reflecteur 
d'ions. 

25  14.  Appareil  selon  I'une  quelconque  des  reven- 
dications  8  a  13,  comprenant  en  outre  des 
moyens  destines  a  rendre  pulsatoire  ledit  fais- 
ceau  de  sonde,  afin  de  reduire  la  deterioration  de 
ladite  surface. 

30  15.  Appareil  selon  la  revendication  14,  compre- 
nant  en  outre  des  moyens  destines  a  rendre 
pulsatoire  ledit  faisceau  ionisant,  en  correlation 
dans  le  temps  avec  ledit  faisceau  de  sonde. 
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