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One challenge of any microscopic technique is that the data generated is generally a two-dimensional slice
or projection of a three-dimensional object. Typically, that two-dimensional image still provides a wealth
of information about a materials’ or organism’s microstructure, but there are always limitations when
trying to understand a specimen’s true three-dimensional nature. This motivates the need for many of the
3D materials characterization techniques and tools available today. A number of techniques are available
that span decades in both voxel size/resolution and analyzed material volume [1]. | will discuss the use of
electron microscopes for analyzing materials in three dimensions. In particular, | will show how electron
tomography in the transmission electron microscope (TEM) is useful for analyzing the size and
distribution of nanoscale He bubbles (~2 - 4 nm in diameter) in Pd that formed by tritium decay [2]. Figure
1 shows an example of 2D and 3D data collected on these nanoscale bubbles. In addition, I will show
examples of serial sectioning in the FIB/SEM instrument and its use for simultaneously obtaining three-
dimensional morphological, compositional, and crystallographic orientation information with imaging,
EDS, and EBSD. Examples in fuel cell device stacks [3] and laser-deposited stainless steel [4] will be
presented that demonstrate the use of three-dimensional analysis.

As with any technique that utilizes a FIB for sample preparation and/or analysis, it is necessary to
understand artifacts that could appear in the sample as a result of the ion species-sample interaction. It is
known that the FIB can implant the ion into the specimen, but this can also cause changes in phase and
crystallographic orientation of a sample [5-7]. Therefore, the use of the FIB for analyzing large volumes
requires consideration of preparation-induced artifacts in the analysis. Figure 2 shows an example of a Ga
FIB causing a phase change in austenitic stainless steels. The challenges associated with these types of
artifacts as they apply to nanoscale He bubbles, fuel cell stacks, and stainless steels will also be discussed
in the context of 3D materials analysis. With proper application of the FIB for either serial sectioning or
TEM sample preparation, artifact-free 3D materials analysis at a range of length scales is accessible to
answer guestions when two-dimensional images are insufficient. [8]
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Figure 1. a) HAADF STEM image of He bubbles in a PdNi alloy that result from tritium decay after 3.7
years. The bubbles are approximately 2 — 4 nm in diameter. It is difficult to determine their distribution in
space with a two-dimensional image, but electron tomography can be used to generate a 3D volume
reconstruction of the bubble distribution as shown in b). Quantification of their size and nearest neighbor
distance in only possible with volumetric data.
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Figure 2. (a) The top image is a band contrast image where Ga implantation parameters are shown in the
image for small squares patterned with a FIB/SEM. The bottom image shows how at some Ga doses,
stainless steel can transform from the austenitic fcc phase, to the ferritic bcc phase. The image in b) is a
single slice from a 3D EBSD serial sectioning experiment on this stainless steel. The slice is almost
completely transformed to the bcc phase as a result of the ion-beam polishing. These artifacts must be
minimized to obtain 3D data that truly represents the materials microstructure.
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