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This paper describes the application of a Dual Beam Focused Ion Beam-Scanning Electron 
Microscope to characterize the microstructure and crystallography of aerospace materials in three 
dimensions (3D).  The Dual Beam microscope is capable of in-situ, high-fidelity serial sectioning, 
where the serial sectioning slice thickness can be less than 100 nanometers, and the interrogated 
volume can be on the order of 50 x 50 x 50 micrometers in dimension.  Another benefit is the 
potential availability of electron-beam characterization methods such as Energy Dispersive 
Spectroscopy (EDS) and Electron Backscatter Diffraction (EBSD), which can be integrated with the 
3D-characterization experiment.  
 
In order to take advantage of all of the analytical capabilities of DB 235, control scripts have been 
developed to automate the collection of serial sectioning data [1,2].  Automation of this application 
is essential, as it ensures that the serial-section slice thickness is consistent, and allows for 
examination of much larger volumes of material than if performed manually.  Specifically, the 
software control scripts incorporate the use of built-in image recognition capabilities of the DB 235 
to automatically move a sample to various spatial positions between serial sectioning events, and 
realign the sample prior to each serial-sectioning cut.  At present, two fiducial marks are used to 
ensure that sample position is correct prior to cutting, imaging, or performing some other analysis, 
which allows the software to correct for both translational and rotational errors.  The application of 
the image recognition methodology eliminates problems associated with stopping and re-starting an 
experiment, and also enables high-fidelity sectioning over the course of long-duration experiments 
(over multiple days). 
 
With this control script, one can now perform fully-automated serial-sectioning experiments that 
acquire much more data types than just SEM images.  For example, after cutting the sample can be 
moved and imaged using the ion beam (at a lower beam current than is used for cutting), to obtain an 
image exhibiting strong channeling contrast, as shown in Fig. 1a.  One can also reposition the 
sample to acquire an EBSD or EDS maps, as shown in Fig. 1b.  Of note, TSL Inc. has recently 
modified their acquisition software to allow for the collection of EBSD maps using a remote trigger, 
thus enabling the automated acquisition of EBSD maps during the serial sectioning experiment [3].  
In the associated presentation, we will discuss the collection and post-processing of the serial 
sectioning data, segmentation routines for semi-automated identification of selected 
microconstituents, 3D reconstruction results, and preliminary analysis of selected microconstituents 
in 2D and 3D. 
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Figure 1.  Two ion images from a serial-sectioning experiment.  The material is a polycrystalline Ni-
base superalloy, and the change in depth between the two images is 500 nm.   
 

 
 
Figure 2.  Two EBSD Inverse Pole Figure Maps that correspond to the images shown in Fig. 1.  The 
data was obtained without user intervention during the serial sectioning experiment using the 
remote-trigger-capable TSL software.  
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