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Abstract:
Focused ion beam (FIB) is a powerful technique for 

nano-level analysis on local structures of material sur-
faces, because it allows us to make a sample of the spe-
cifi c point on sample surfaces. In this paper, the results 
of cross-sectional analysis of steel surfaces using FIB 
are presented. It is revealed that the promotion in gal-
vannealing reaction on the thiourea treated P-added 
steel is due to the formation of fi ne grain structures in 
surface region caused by a pinning effect of (Mn, Fe)S 
particles formed during annealing. It is found that initial 
alloys formed in the galvanizing processes on Si-added 
steel have partly peculiar shape and phase. It is sug-
gested that these initial alloys prevent the following gal-
vannealing reaction.

1. Introduction

If the surfaces of steel materials appear homogenous 
in macroscopic level, inhomogeneties can frequently 
be seen in the microstructure, morphology, and sur-
face composition with observation at the order of sev-
eral microns or less. When discussing the relationship 
between the surface and related properties, an under-
standing of the actual condition of the surface, including 
these microscopic inhomogeneities, is necessary. More-
over, although the term “surface” is commonly used in 
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4. Methods of Using FIB

As described above, the greatest advantage of FIB is 
the fact that it is possible to perform sampling from any 
specifi c region of interest on the material surface. This 
is an indispensable function for analyses of surfaces 
with microscopic inhomogeneities, steel materials be 
a typical example. In this case, how to grasp the actual 
condition of the surface before processing and select the 
sampling position is important.

The authors have employed ultra-low voltage SEM 
in evaluating inhomogeneity of material surfaces5,6). 
SEM observation with the ultra-low accelerating voltage 
region makes it possible to determine the distribution of 
substances on the material surface and the microscopic 
structure of the surface at the order of several 10 nm 
or less, which is impossible with ordinary accelerat-
ing voltages (�10 kV). In particular, ultra-low voltage 
SEM is effective when the intention is to perform cross-
sectional TEM observation of the top-most surface 
layer is performed, as the surface morphology cannot be 
grasped adequately with ordinary SEM, making accurate 
selection of the sampling position diffi cult. With ultra-
low voltage SEM, it is possible to obtain suffi ciently 
detailed information for discussion having a correspon-
dence with high spatial resolution cross-sectional obser-

vation by TEM, and as a result, gain a continuous, unin-
terrupted understanding of the material surface, from an 
overall sense to its nano-level structure.

Apparatus in which an electron gun for SEM obser-
vation is incorporated in an FIB apparatus (and appara-
tus in which the FIB column is incorporated in an SEM) 
are released by sevelal makers. The authors believe that 
apparatus of this type will enable more effi cient analy-
sis of the surface regions of the materials introduced in 
this paper, and these techniques can also be expanded to 
3-dimensional analysis.

As discussed above, maximum use of the functions 
of FIB is possible with methods which closely combine 
FIB with other observation techniques. From this view-
point, FIB should be considered not simply as a process-
ing method, but as an integral part of material observa-
tion.

5. Conclusion

This report has presented an outline of methods of 
using the FIB technique in analyses of the surface of 
steel. The fi ndings in the following two cases were pre-
sented as examples of application of FIB to actual mate-
rial analysis.
(1) In P-added high strength steel, the galvannealing 

reaction is accelerated by thiourea treatment of the 
substrate. Cross-sectional observation utilizing FIB 
revealed that a fi ne grain structure formed due to the 
pinning effect of (Mn, Fe)S promote galvannealing 
reaction.

(2) With an Si-added steel, a pinpoint analysis by the 
micro-sampling method found that initial alloys with 
a partly peculiar phase of Zn-Fe alloy formed during 
hot-dip Zn coating. It was suggested that the pres-
ence of these phases, which are high-melting point 
alloy, prevent the following galvannealing reaction of 
Si-added steel.
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Photo 6  (a) SEM image of initial alloy (White line shows 
the region for micro-sampling with FIB for TEM 
observation.) and (b) Cross-sectional TEM image 
of initial alloys


