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a NEW DETECTION SYSTEM FOR RN ATOM PROBE FIM 

D. BLAVETTE, A.BOSTEL and J.M. SARRAU 

Laboratoire de Microscopie Ionique, UR CNRS 808, UER Sciences 
de Rouen, BP 67, F-76130 Mont-Saint-Rignan, France 

Résumé - Un nouveau système de détection permettant de discriminer les ions 
de même temps de vol dans une sonde atomique est décrit. Quelques résultats 
préliminaires sont donnés et montrent les performances de la multidétection 
spatiale. 

Abstract - A new detection technique for an atom-probe FIM is described. Uith 
such a system, ions having the same time of flight can be discriminated. Some 
preliminary results are given and show the performances of the spatial multi-
detection. 

I - INTRODUCTION 

It is well known that the field evaporation rate has a strong influence on the 
quantitative micro-analysis of materials by atom-probe techniques. When two or 
several ions of the same mass to charge ratio are field evaporated on a single 
pulse, they may strike simultaneously the detector. As no amplitude measurement of 
the detection signal is avalaible for deriving the number of ions striking the 
channel plate, measured compositions become erroneous. 

These rate dependent effects are particulary pronounced when energy deficits are 
compensated or in case a high resolution pulse laser system is used /1/. Tsong /2/ 
was the first to propose a method of correction by assuming that the number of ions 
per pulse follows a Poisson distribution. However, the approximation used is no 
longer valid when analyses are taken on a low-index pole. Moreover, the dead time 
of the detection system as well as the distribution of ion energy deficits were not 
taken into account in the author's approach. 

Of course, corrections based on the isotopic distribution of atoms can be applied 
to concentrations to partially compensate for these detection artifacts. However, 
this confines the performances of real atom-probes. Indeed, preferential evaporation 
effects are frequently rate dependent specially when the evaporation of surface 
atoms is promoted by adsorption of reactive gas /3/. Higher analysis rates are 
therefore desirable. This paper is aimed at describing a new detection system which 
allows to get higher analysis rates with reduced effects of "pile-up". 

II - EXPERIMENTAL 

The principle of the new system we developped is based on a spatial detection of 
ions. The detector is divided in four independant sectors with equal areas (fig. 1). 
With such a system, analyses can be performed four times faster with the same 
systematic error rate. For the sake of simplicity and compatibility the basic 
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digital  timer structure was preserved. A special electronic device has been designed 
fo r  coding the ion position on the four sectors and supplying a classical  detection 
signal. The l a t t e r  i s  bui l t  from the logical sum (1) of signals supplied by the 
four elementary detectors. Up to  four times of f l igh t  can be recorded fo r  each 
evaporation pulse in th i s  preliminary version of the system. For each time event, 
the position of ions str iking simultaneously the detectors i s  stored in four 4-bit 
s h i f t  registers.  
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Fig. 1 - Principle of the four-sector detection system 
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Fig. 2 - Detection signals and dead time in the multidetection system 



When no i o n  i s  received i n  a  given sector  a  low l o g i c  l e v e l  (0)  i s  s tored i n  the  
corresponding r e g i s t e r  and vice-versa. For each novel t ime event the  r e g i s t e r  i s  
s h i f t e d .  This asynchronous system i s  rese t  when i o n  a r r i v a l  i s  no longer  expected. 

This four-sector  system has an important p a r t i c u l a r i t y  ( f i g .  2 ) .  While s tandar t  
de tec t ion  systems are s e n s i t i v e  again a f t e r  a  c e r t a i n  dead t ime (5 ns) a f t e r  the 
f i r s t  ion, on the  contrary ,  the  m u l t i d e t e c t i o n  remains operat ive dur ing few nanose- 
conds (7  ns)  a f t e r  the f i r s t  t ime event then i s  i n s e n s i t i v e  dur ing  a  given t ime 
( <  5 ns) .  Ions received dur ing the opening t ime are considered as having the same 
t ime o f  f l i g h t .  This means t h a t  the shape o f  mass spectra i s  a  l i t t l e  b i t  d i f f e r e n t  
of t h a t  u s u a l l y  observed w i t h  s tandard de tec t ion  systems. I n  case a  h igh  r e s o l u t i o n  
atom-probe i s  used, t h i s  opening t ime should be reduced t o  a  value corresponding 
t o  the  mass reso lu t ion .  By choosing p roper l y  the  opening time, t h i s  de tec t ion  method 
i s  more e f f i c i e n t  because most o f  ions are detected w i t h  apparent mass very c lose 
t o  the  peak maximum i n  the  spectra. I n  s tandardcond i t i ons ,  a  simple c a l c u l a t i o n  
based on the  observed exponential  decay o f  spectra obtained w i t h  conventionnal 
atom-probes shows t h a t  near l y  80 % o f  ions are detected w i t h i n  10 ns ( M  = 30, 
V = 10 kV, L = 1 m). With h igh  r e s o l u t i o n  atom-probes, t h i s  e f f e c t  i s  much more 
pronounced so t h a t  the  e f f e c t i v e  e f f i c i e n c y  should be much b e t t e r  i n  t h i s  case. 

I n  s p i t e  of i t s  apparent s i m p l i c i t y ,  good operat ing cond i t i ons  o f  t h i s  system 
are some what f a s t i d i o u s  t o  adjust .  For instance, the  number o f  ions c o l l e c t e d  ( i .e .  
the de tec t ion  e f f i c i e n c y )  must be equal f o r  each sector .  A  c a r r e f u l  adjustement 
o f  the  f o u r  HF de tec t ion  a m p l i f i e r  threshold i s  the re fo re  necessary. On the  other  
hand, propagation times must be equal f o r  each channel. The connection lengths 
between each sector  and the  m u l t i d e t e c t i o n  system have there fo re  t o  be c a r r e f u l l y  
s e t t l e d .  

I n  order t o  s i m p l i f y  the connect ion s t r u c t u r e  a t  the  de tec to r  prox imi ty ,  the 
f o u r  e l e c t r o n  c o l l e c t o r s  o f  the channel p l a t e  have been grounded w h i l e e t h e  f r o n t  
panel has been biased t o  a  negative h igh  vo l tage.  With such a  con f igu ra t ion ,  the 
shape of de tec to r  pulses i s  very weakly a l te ra ted .  I n  a d d i t i o n  t h i n  tantalum f o i l s  
have been used i n  order  t o  prevent c ross - ta lk  from i n t e r f e r i n g  between adjacent 
sectors. New wide band p reampl i f i e rs  ( >  600 MHz) w i t h  very l i t t l e  back ground noise 
and h i g h t  dynamic s e n s i t i v i t y  (> 40 dB) have been developped. Because o f  t h e i r  very 
l i t t l e  s ize,  i t  has been poss ib le  t o  place the  ampli f ier/comparators c lose by the 
f o u r  sectors i n  order t o  increase the  noise immunity as we l l  as t o  preserve the  
pulse shape. The h a l f  maximum width o f  the  c a l i b r a t e d  s igna ls  suppl ied by the  
comparators ( E C L )  i s  1.5 ns. 

Accelerat ion o f  ions near the  f r o n t  panel o f  t h e  channel p l a t e  was observed. This 
e f f e c t  can however be compensated by c a l c u l a t i n g  t h e  apparent t ime o f  f l i g h t  o f  
ions as a  f u n c t i o n  o f  the  f r o n t  panel p o l a r i s a t i o n .  

RESULTS 

Pre l iminary experiments have been c a r r i e d  out  on a  Ni, Fe A1 a l l o y  i n  order  t o  
ad jus t  the a m p l i f i e r  s e n s i b i l i t y ,  c o n t r o l  the cross- ta lk  r a t i o ,  check the  data 
r e l i a b i l i t y .  F igure 3  shows four  mass spectra b u i l t  from ions detected on each 
sector .  Before very t h i n  e lec t ron  c o l l e c t o r s  have been used a  l o t  o f  m u l t i p l e  ions 
were erroneously detected because o f  capac i to r  e f f e c t s  between adjacent sectors. 
As mass spectra show, the number o f  c o l l e c t e d  ions i s  near l y  the  same f o r  each 
elementary detector .  Compositions and de tec t ion  ra tes  are l i s t e d  i n  Table 1. 

I Number o f  c o l -  Sector number lected ions Detect ion ra tes  % a t  % A1 a t  % Fe a t  % N i  i l l 1  

Table 1 - Detect ion ra tes  f o r  each de tec t ion  sector  
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In s p i t e  of  ca re fu l  adjustments, a l i t t l e  d i f fe rence  remains between t h e  f i r s t  
s e c t o r  e f f ic iency  and t h e  o t h e r  sec t ion  ones. We think t h a t  t h i s  weak d i f fe rence  
i s  caused by some assymetry i n  t h e  four  s e c t o r  geometry. Compositions l i s t e d  in 
table 1 show t h a t  atom-probe data  a r e  s imi la r  f o r  each s e c t o r  and a r e  c l o s e  t o  t h e  
a l l o y  stoichiometry. 

F i g .  3 - Atom-probe mass spec t ra  obtained from each detect ion sec tor  

In order  t o  t e s t  the  system a b i l i t y  t o  de tec t  mult iple  events ,  we have performed 
analyses near t h e  cen t ra l  portion of a low-index plane of  the  N i ,  Fe A1 a l loy .  
Table 2 summarizes t h e  r e s u l t s  we obtained. Numbers of co l lec ted  ions of each 
species  (Al, Fe, Ni) a r e  given respect ively i n  t h e  standarrt detect ion and multi- 
detect ion modes. In t h e  former case ,  ions detected with the  same time of f l i g h t  
a r e  considered a s  one atom while i n  the l a t t e r  mode t h e  number of exci ted s e c t o r s  
i s  taken i n t o  account. As expected, a l a rge  amount of l o s t  ions having t h e  same 
apparent mass a r e  re t r i eved  when posi t ion data  of ions a r e  used. The r e s u l t s  
demonstrate t h a t  more than 10 % of received ions a r e  l o s t .  



Compositions a re  o f  course s t r o n g l y  a f fec ted  i n  the  s tandard de tec t ion  mode because 
o f  the  h igh  evaporat ion r a t e .  The Fe/Ni r a t i o  i s  3 3  % i n  t h i s  l a t t e r  mode wh i le  
i t  i s  30 % when us ing the mu l t idec t ion .  Concentrations are however a b i t  d i f f e r e n t  
from the a l l o y  composition because o f  occurence o f  few p r e f e r e n t i a l  evapo- 
r a t i o n  e f f e c t s .  As p o s i t i o n  data o f  the  m u l t i d e t e c t i o n  system were no t  y e t  "on 
l i n e "  connected t o  the  computer, experiments were c a r r i e d  ou t  w i t h  a low pulse 
r e p e t i t i o n  ra te .  As a r e s u l t ,  a  small p ropor t ion  o f  n i cke l  atoms was 
p r e f e r e n t i a l l y  evaporated a t  the D.C vo l tage between evaporat ion pulses. 

Table 2 - Comparison between the two de tec t ion  modes 

Ions c o l l e c t e d  w i t h  t h e  
mu1 t i d e t e c t i o n  
Nt = 1132 

Ions c o l l e c t e d  w i t h  the 
standard de tec t ion  
Nt = 1023 

CONCLUSION - 
The p re l im inary  r e s u l t s  we obtained c l e a r l y  demonstrate t h a t  a  n o t  n e g l i g i b l e  
p ropor t ion  o f  ions, which should n o t  have been detected otherwise w i t h  s tandard 
de tec t ion  systems, a re  r e t r i e v e d  w i t h  the  new mu l t ide tec to r .  The system described 
i n  t h i s  paper i s  a  very p re l im inary  vers ion o f  a  more v e r s a t i l e  prototype we plane 
t o  develop. We t h i n k  t h a t  t h i s  m u l t i d e t e c t i o n  system w i l l  lead t o  dec is i ve  improve- 
ments i n  q u a n t i t a t i v e  composit ional analyses o f  mate r ia l s  by atom probe techniques 
s p e c i a l l y  i n  case plane by plane inves t iga t ions  a re  achieved. 

A1 

65 
(5 .7  %) 

64 
(6 .2  %) 

An i n d i r e c t  consequence o f  the s p a t i a l  de tec t ion  i s  t h a t  in format ions can be drawn 
from composition p r o f i l e s  suppl ied by each de tec t ion  sector .  This f a c i l i t y  can be 
o f  great  i n t e r e s t  fo r ins tance  when phase o r  g r a i n  boundaries are crossed by the 
analys is  c y l i n d e r .  
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