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Recently, the need for a comprehensive characterization of grains and grain boundaries has led to the
extension of electron backscatter diffraction (EBSD) into three dimensions (3D). 3D EBSD can be
performed by serial sectioning the sample with robot assisted grinding and polishing [1], laser ablation
[2], or focused ion beam (FIB) milling [3] in automated processes.

In this note we report about an optimized experimental setup for 3D EBSD data acquisition in a
conventional FIB-SEM instrument. In contrast to other 3D EBSD experiments in a FIB-SEM, in our
setup the sample remains static during the entire experiment. The advantages in terms of data quality
and throughput are discussed and illustrated with measurements on a coarse-grained INCONEL 718
nickel-based superalloy as a model material.

Experimental Procedures:

The static 3D EBSD setup was realized on a customized ZEISS Auriga40 FIB-SEM instrument
equipped with a high resolution Bruker e-Flash EBSD detector. The original chamber of the ZEISS
Auriga 40 was redesigned to accommodate the EBSD camera at an azimuthal angle ¢ = -15.3° (see Fig.
1(a) ). The exact value of ¢ results from geometrical considerations, namely: a) FIB and SEM beam are
at an angle of 54° for the Auriga 40; b) the FIB beam is parallel to the FIB prepared surface, which is c)
tilted 70° from the horizontal [4]. The EBSD camera can be positioned as close as 15 mm to the FIB-
SEM coincidence point, which is at a working distance of 5 mm. Using the Application Programming
Interfaces (API) of FIB-SEM and EBSD systems the 3D EBSD acquisition workflow was fully
automated.

An INCONEL 718 sample, roughly (10x10x5) mm?3 in size, was used to characterize the experimental
setup and evaluate the resulting 3D-data quality. The nickel-based superalloy is well suited for this
purpose, because it yields high-quality EBSD patterns on 30 kV FIB polished surfaces even at a high
EBSD acquisition speed of 140 Hz. Moreover the recrystallized grains contain numerous coherent twins.
Their well known {111} boundary planes are used as a reference to quantify raw data alignment.

Main Results:
Usually, in a FIB-SEM the sample is moved iteratively between milling and EBSD positions during the
3D EBSD experiment. Such stage movements — and corresponding stage settling times — are eliminated

in the static setup. Additionally, no time is spent on image registration steps after each stage movement,
which are needed to reposition accurately FIB and SEM beams relative to the volume of interest (VOI)
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if the sample is moved. Thus, 3D EBSD acquisition is simpler and the analyzed volume rate increased
when performed under static conditions.

Figure 1(b) shows reconstructed 3D EBSD data using [5] for the INCONEL 718 sample. In the center of
the VOI a twinned grain is observed. The VOI has been sectioned to show a reconstructed plane
perpendicular to the original EBSD acquisition plane. This plane runs through the twinned grain. At this
point, it is important to stress that neither drift correction operations were performed during the 3D
EBSD run nor data post-processing after the 3D run to ensure alignment of the different sections to each
other. Nonetheless the twin boundaries in the rendered surface appear almost perfectly flat, which
demonstrates the impressive alignment quality of the raw 3D data. They correspond to a {111} plane.

In the static setup it is conceivable to increase throughput further by performing the EBSD measurement
while milling. Prerequisite is to be able to index the EBSD patterns despite the noise introduced by FIB.
To explore this possibility, EBSD patterns of a selected grain were measured while milling
simultaneously the sample with different FIB probe currents. Even for FIB currents up to 30 nA, the
patterns were good enough to be indexed with high confidence.
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Figure 1. (a) Top view CAD drawing of the customized FIB-SEM instrument. The EBSD camera is
positioned at an azimuthal angle ¢ = -15.3° to realize the optimal static 3D EBSD setup.
(b) Reconstructed 3D EBSD volume of an INCONEL 718 sample. The volume has been sectioned along
a plane perpendicular to the EBSD acquisition plane to show the alignment quality of the raw data.
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