
Phase ID
EDS is an excellent tool for distinguishing phases in samples when
the different phases have different chemical composition. For
example, EDS is ideal for exposing cubic zirconium crystals
masquerading as diamonds. However, if two phases have the same
chemical composition but different crystallographic structure, EDS
is not capable of distinguishing between the two phases. In
contrast, EBSD can distinguish phases based on crystallographic
structure. Simply put, EDS has a tough time distinguishing a pencil
lead from a diamond whereas EBSD can easily make the
distinction (see Figure 1). The difference is in the crystallographic
structure – the graphite has a hexagonal crystal structure whereas
the diamond has a cubic structure.1

In a typical experiment, the first step is to place a sample in the
SEM and position the electron beam on a feature of interest. The
next step is to determine the chemical composition using an EDS
spectrum. The composition is used as a filter against a database of
phases. A set of phases with matching chemical  composition is
extracted from the database. The last step is to collect an EBSD
pattern and to find the best fit between the structural parameters 
associated with each of the candidate phases and the pattern. The
phase of the feature is then identified as the candidate phase 
producing the best fit to the EBSD pattern.

Orientation Analysis
Most people recognize "anisotropy" even if they do not know the
definition of the word – a property that varies with direction. For
example consider the two blocks of wood shown in Figure 2. It
should be obvious that the top block would be much easier to break
with a swift karate chop than the other one would be.

Introduction 
Electron Backscatter Diffraction (EBSD) is a Scanning Electron Microscope (SEM) technique for characterizing the crystallographic
structure of materials. Applications of EBSD can essentially be categorized into two types: Phase ID and Orientation Analysis.
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Why EBSD?

Figure 1 - Flow of Typical EDS/EBSD Identification

Figure 2 - Illustration of Anisotropy



Materials such as aluminum or steel will also exhibit anisotropy
to some degree depending on how the material was formed. At the
atomic level a material such as titanium, shown in Figure 3, would
have a crystal structure as shown below. If the crystal were
stretched along the vertical direction (red) as opposed to a direction
normal to the faces (green), the measured stiffness would be quite
different. This anisotropy inherent to the crystal at the atomic level
will affect the properties of the material at the macroscopic level.

A piece of steel is made up of millions of grains. The grains are
domains where the crystal lattice has a specific orientation. If the
grains all have a similar orientation as shown schematically in 
Figure 4 below, then the anisotropy of the steel piece would mimic
the anisotropy of the constituent grains. On the other hand, if the
grains were all randomly oriented as shown in Figure 5, then the
steel piece would not be anisotropic but would have properties that
would be the same in every direction (isotropic). This arrangement
of crystal orientations is termed texture. The role of texture has
been explored for a wide variety of material properties such as
elasticity, plasticity, superconductivity, stress corrosion cracking
and many others. EBSD is an ideal tool for characterizing texture
in polycrystalline materials as well as grain boundary character.
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Figure 4 - Grains with Anisotropic Structure

Figure 3 - Titanium Crystal Structure

Figure 5 - Isotropic Grain Structure
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Conclusion
EBSD provides unique insight into the crystallographic nature of material microstructure. The technique measures crystal orientation
distributions, constituent phase distributions, and local plastic deformation. It helps users to understand the relationship between materials
processing, properties, and microstructure in order to develop innovative new materials solutions.

1 In practice, EDS can distinguish a diamond from a pencil lead due to the presence of binders in the graphite. However, for pure samples of 
diamond and graphite, EDS will only see carbon – the distinguishing difference is the crystal structure. The Graphite pattern is courtesy of
A. Murugaiah, Drexel University.


