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Focused ion beam (FIB) imaging of metals reveals a remarkable degree of grain orientation contrast
[1,2 and incorporated references]. Applications of FIB imaging to the direct observation of
deformation in metals are less well reported [3-6], but the effectiveness of the FIB technique as a
tool to directly image the degree or extent of deformation is becoming accepted in industrial
research and development.

Particularly for FCC metals, FIB secondary electron (and to a lesser extent secondary ion) images
are sensitive to increased dislocation density and the presence of subgrain boundaries, revealing a
“mottled” and less uniform contrast as the degree of deformation within a grain increases. This
makes FIB imaging a useful and efficient means of evaluating large areas that would be impractical
to observe by transmission electron microscopy (TEM).

Figure 1 is a FIB secondary electron image mosaic of a cross-section from a “U-bend” test specimen
of AA5754 aluminum alloy sheet. The mosaic covers an area approximately 1.25 mm x 1.25 mm,
and reveals a considerable amount of information regarding the degree of deformation and sub grain
formation throughout the sheet thickness after deformation. Inset image 3 shows the relatively
undisturbed material along the neutral axis of the sheet, whereas inset images 1 and 5 show the
extremes of compressive and tensile deformation, respectively. The contrast inside the grains in
inset image 3 is uniform but the grains in inset images 1, 2, 4 and 5 shows a mottled contrast
characteristic of dislocation accumulation. The gradient in grain size and contrast differentials can be
correlated with macroscopic deformation gradient in the bent sample.

Comparison of results obtained by this technique with TEM results for subsurface deformation
during wear in aluminum and steel automotive alloys will also be presented to demonstrate the
power of FIB imaging to map deformation distribution over large areas.
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Figure 1: FIB secondary electron image mosaic of a cross-section from a “U-bend” test specimen of AA5754 aluminum
alloy sheet. Note the relatively uniform grain orientation contrast visible in inset image 3 on the neutral axis of the sheet,
versus the mottled contrast and grain deformation that increases as one moves towards the sheet surfaces.
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