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The focused ion beam (FIB) allows for the machining of mechanical test specimens in a variety of 
geometries from numerous different materials.  Samples range in size from nanometers to microns, 
and enable the study of mechanical properties in limited volumes.  In particular, the last six years 
has seen experiments probing the effects of size on strength through flat-punch compression [1, 2].  
Further compressions performed in situ in a transmission electron microscope (TEM) have shed 
light on the role of microstructural defects during deformation, yielding information about hardening 
mechanisms such as dislocation starvation [3]. 
 
Recent work, however, has called into doubt the role of damage induced by the focused ion beam[4].  
Surface defects induced by ion bombardment with Ga+, such as dislocations, Ga implantation, and 
amorphization, significantly alter the mechanical properties of metals. Here we show that through in 
situ annealing in a TEM, it is possible to at least partially remove ion bombardment damage from 
molybdenum nanopillars.  Starting with a well-annealed, decarburized piece of single crystal 
molybdenum, pillars are milled by focused ion beam along a single slip [2¯  9 20] orientation, as seen 
in Figure 1.  The pillars are then annealed in situ, allowing for the observation of damage removal 
and any associated shape changes to the pillar.  Moreover, there is a reduction in the defect density 
that can significantly improve the visualization of the deformation behavior during in situ 
compressions.  Figures 2a and 2b are bright-field and dark-field TEM images of a pillar pre-
annealing, in which it is difficult to observe individual defect behavior.  By mitigating ion 
bombardment damage, the utility of the focused ion beam can be recovered, thereby allowing for the 
production of limited volumes for quantitative mechanical testing with dramatically improved TEM 
visualization [5]. 
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FIG. 1.  (a) A row of pillars FIB machined from single crystal molybdenum.  The electron 
transparent TEM sample is milled from the tip of the larger pillar, as seen in (b).  The TEM sample 
is approximately 100nm in diameter and 300nm tall. 
 
 

 
FIG. 2.  (a) and (b) Bright-field and dark-field TEM images of a FIB machined single crystal 
molybdenum pillar, respectively.  The pervasive damage from the milling process is evident in the 
form of dislocations, making observations during mechanical testing difficult. 
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