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Résumé - Un processus d'érosion ionique contrôlée est décrit. Il permet des 
applications intéressantes telles que le "déplacement" d'un joint de grain en 
direction de la zone imagée à l'apex d'un échantillon de microscopie ionique 
de champ. 

Abstract - A controlled ion milling procedure is described which permits 
a feature of interest, such as a grain boundary to be brought towards the 
imaging region at the apex of a field ion specimen. 

1 - INTRODUCTION 

One of the main limitations on the practical use of field ion microscopy and atom 
probe microanalysis is the small volume of material which can be examined. As a 
result of this, the probability of finding a feature of interest in any one 
specimen is often very low. This is especially true for studies of grain 
boundaries, which in the case of coarse grain size materials are almost 
prohibitively difficult to find. Inspection of field ion specimens by 
transmission electron microscopy is a useful aid to finding boundaries, and this 
can be combined with back-polishing of specimens by chemical, electrolytic or ion 
milling techniques [l-3]. However, the electron-transparent volume of a field ion 
specimen is still very small, and the back—polishing procedures used so far are 
not always as controllable as might be desired. New possibilities for controlled 
specimen preparation have become available with the development of micro—focussed 
liquid metal ion sources (LMIS). These sources permit imaging with a resolution 
of 500A or better using reflected secondary electrons, and also allow ion milling 
to remove material from the specimen surface [4—6 J. In imaging mode, it is found 
that the contrast obtained across grain boundaries and other phase boundaries is 
exceptionally good, and therefore the progress of the ion milling reaction can be 
monitored very accurately [6]. This opens up the exciting prospect of 
controllably bringing towards the apex region of a field ion tip a feature of 
interest which may initially be situated at almost any distance down the specimen 
shank. We report here some initial experiments designed to prove the feasibility 
of this idea. 

2 - EXPERIMENTAL 

The liquid metal ion source used in this work was a VG Scientific MIG 300 
gallium ion gun. This was operated at 25keV,with a beam current of approximately 
50pA, and a focussed spot size of 500A. The gun was mounted in a high vacuum 
chamber, equipped with a tiltable stage for holding field ion specimens. Imaging 
was carried out by scanning the focussed ion beam across the specimen in a raster 
pattern, exactly as done in a scanning electron microscope. A secondary electron 
detector was used, biassed to collect secondaries of energy below lOOeV, and 
subtending a large solid angle at the specimen. 
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Figure  1 
X 3000 

Figure  2 
X 300 

Figure  3 
X 300 

Scanning micrographs of an Inconel  600 FIM specimen obtained using a 25keV gal l ium 
l i q u i d  metal ion source. For d e t a i l s  see  t e x t .  



3 - RESULTS 

The micrographs i l l u s t r a t e d  i n  Figs.1-3 were taken a t  var ious  s t ages  during 
t h e  mi l l ing  of a specimen of the  a l l o y  Inconel 600 (75% N i ,  15% Cr, 10% Fe). The 
mate r i a l  had been annealed f o r  1.6 hours a t  1110°C and then held f o r  1 hour at 
698OC before water quenching. 

Figure 1 shows the con t ras t  across  a twin boundary which i n t e r s e c t s  t h e  
specimen surface.  The f a c e t t e d  na tu re  of the  boundary can be c l e a r l y  seen, wi th  
coherent and incoherent  segments a l t e r n a t i n g  a long the  boundary. (The much 
smal ler  dark spo t s  a r e  due t o  e t c h  p i t s ,  a r i s i n g  during the  i n i t i a l  
e l ec t ropo l i sh ing  of t h e  specimen). 

Figure  2 shows a high angle g ra in  boundary running t r ansverse ly  across  the  
specimen, toge the r  with  a second, long i tud ina l  boundary (probably a twin),  which 
emerges c lose  t o  the  t i p  apex. I n  Figure  3, t h e  e f f e c t s  of a few minutes of ion  
m i l l i n g  t h i s  l a t t e r  boundary "end on" (i .e.  from the  d i r e c t i o n  of the  t i p  apex) 
a r e  i l l u s t r a t e d .  This has an undesirable  e f f e c t ,  i n  t h a t  a groove develops 
p r e f e r e n t i a l l y  a t  the  i n t e r f a c e .  It is evident ly  p re fe rab le  t o  ion  m i l l  from a 
"sideways on" pos i t ion ,  as  most of the  s p u t t e r i n g  is  then caused by ions  s t r i k i n g  
t h e  su r face  a t  r e l a t i v e l y  low angles of incidence,  and a smoother p r o f i l e  is  
obtained. Rotat ion of the  specimen is  a l s o  necessary, as  i n  conventional i o n  
mi l l ing  procedures f o r  t h i n  f o i l s .  

4 - DISCUSSION 

These prel iminary r e s u l t s  demonstrate t h e  f e a s i b i l i t y  of i n  s i t u  ion  mi l l ing  
of f i e l d  ion  t i p s ,  and open up new p o s s i b i l i t i e s  f o r  con t ro l l ed  specimen 
preparat ion,  not only f o r  f i e l d  ion  microscopy, but a l s o  f o r  t ransmission e l e c t r o n  
microscopy. The e f f e c t s  of the  gal l ium ion  beam on t h e  specimens w i l l  have t o  be 
s tud ied  i n  d e t a i l .  It may prove necessary t o  r e s t r i c t  the  acce le ra t ing  vol tage t o  
about lOkeV i n  order  t o  minimise beam damage and implantat ion e f f e c t s .  The 
combined use of argon ion beams ( f o r  mi l l ing)  and low i n t e n s i t y  metal ion  beams 
( f o r  imaging) a l s o  mer i t s  inves t iga t ion ,  and may provide t h e  bes t  o v e r a l l  s t r a t e g y  
f o r  the  p repara t ion  of specimens with  t h e  l e a s t  poss ib le  damage. 
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