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Pseudo-symmetry in electron backscatter diffraction (EBSD) - diffraction patterns with an apparent
symmetry higher than the crystal symmetry - can significantly impact automated indexing algorithms
when present. Pseudo-symmetry may arise for a variety of reasons including:
1. Small deviations from a higher symmetry super-group
o small lattice constant deviations e.g. a tetragonal material with c/a ratio near 1 or a triclinic
material with o near 120°
o sub-lattice ordering (particularly of a higher Z element)
2. Special misorientations in some materials
o MacKenzie cell vertices i.e. 2n rotations about an n-fold axis
o low n Zn coincident site lattice misorientations

Pseudo-symmetry is present in a range of industrially relevant systems including steel, perovskites, and
y-TiAl [1,2]. Although the existence and scope of the problem is well established, resolving the correct
orientation with traditional Hough indexing techniques has limited success [3-6]. The recent development
of sophisticated dynamical EBSD simulations has shown new potential for predicting and resolving
pseudo-symmetry [7-10].

ZrO, is a promising material for dental implants that has monoclinic, cubic, and tetragonal phases with
only slight distortions [11]. The tetragonal phase is nearly cubic with the double cell having a c/a ratio of
1.017. Master patterns of the Kikuchi sphere were simulated for each phase using EMsoft as shown in
figure 1 [12]. Computing the normalized cross correlation between two master patterns for all rotations
provides an estimate of phase discrimination difficulty [9]; a pair of master patterns with a maximum
normalized cross correlation of O are trivial to distinguish while a maximum of 1 indicates the phases are
identical.

A confusion matrix of maximum cross correlation is shown in figure 1 with peaks corresponding to
symmetry operators removed for auto-correlation. The worst pseudo-symmetric misorientations for cubic,
tetragonal, and monoclinc are 60° @ [111], 90° @ [110], and 180° @ [110] respectively. The results
suggest the cubic and tetragonal phases of ZrO, are difficult to distinguish and the tetragonal phase has
significant potential pseudo-symmetry corresponding to a 45° rotation about (110). Experimental results
are consistent with the inability of Hough to discriminate cubic/tetragonal phases or resolve pseudo-
symmetry as shown in figure 2. Simulated and experimental results indicate distinguishing tetragonal
patterns from cubic is harder than resolving the tetragonal pseudo-symmetry — potentially since the strain
required to change the tetragonal c-axis is larger than to transform from tetragonal to cubic.
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tetragonal monoclinic

cubic tetragonal monoclinic| max psym

cubic 27.8% 87.3% 13.7% 60@[111]
tetragonal 78.2% 14.0% 90@[110]
monoclinic 36.7% 180@[110]

Figure 1. Unit cells (top) and master patterns (middle) are rendered for the cubic (left), tetragonal (center),
and monoclinic (right) phases of ZrO2. The table shows the confusion matrix of normalized cross
correlation between master pattern. Values from symmetry operators are excluded for auto-correlation
with the maximum correlation misorientation in the right column.
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Figure 2. Hough indexing cannot resolve pseudo-symmetry for tetragonal ZrO2 EBSD patterns (far left
column) resulting in a speckled IPF map (bottom right inset) yielding both the true (top half / light yellow)
or pseudo-symmetric (bottom half / orange) orientations. The patterns for the true orientation are boxed
with a black outline. Hough indexing also fails to distinguish the cubic result (far right column). Forward
model based indexing correctly differentiates all 3 - normalized dot product between the experimental and
simulated pattern is the green value in the top right of each pattern.
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