
206
doi:10.1017/S1431927618001526

Microsc. Microanal. 24 (Suppl 1), 2018
© Microscopy Society of America 2018

In situ Nanobeam Electron Diffraction of Bulk Metallic Glasses 
 
Thomas C. Pekin1,2,3, Colin Ophus2, Christoph Gammer4, Burak Ozdol2, R.O. Ritchie1,3 and Andrew M. 
Minor1,2,3 

 
1. Department of Materials Science & Engineering, University of California, Berkeley, CA 94720, USA. 
2. National Center for Electron Microscopy, Molecular Foundry, Lawrence Berkeley National 
Laboratory, Berkeley, CA 94720, USA. 
3. Materials Science Division, Lawrence Berkeley National Laboratory, Berkeley, CA 94720, USA. 
4. Erich Schmid Institute of Materials Science, Jahnstraße 12, Leoben, Austria, 8700. 
 
Nanobeam electron diffraction (NBED) is a relatively new, versatile and powerful technique that has 
been used recently in the study of crystalline materials to measure strain, polarization and orientation [1-
5]. These advances have been made possible through the development of high-speed direct electron 
detectors, which allow for the acquisition of hundreds of thousands of diffraction patterns that can be 
analyzed to extract a rich set of information. Previously, diffraction-based electron microscopy 
characterization techniques such as fluctuation electron microscopy (FEM) have been widely-utilized to 
analyze the structure of bulk metallic glasses [6-8]. In typical FEM studies hundreds of diffraction 
patterns are aggregated in order to make a measure of global medium range order. However, as this is a 
global rather than a local measurement, traditional electron microscopy techniques have not yielded 
information relevant to features on the nanometer scale. Here, we show through the application of fast 
detectors and new analysis techniques an extension to FEM in which NBED is used to map variance as 
well as local order spatially with nanometer resolution. Our results show that it is possible to map the 
spatial distribution of medium range order in an amorphous material in addition to the traditional global 
measure of amount of medium range order.  
 
In addition to measuring local order, the acquisition of thousands of spatially resolved diffraction 
patterns allows for the determination of local strain in amorphous materials [9]. By calculating the first 
diffraction ring’s elliptical deviation from a circle, accurate strain measurements can be made [10]. 
When used in combination with in situ deformation, this technique allows to measure the time-resolved 
evolution of the strain field and therefore to image local deformation events. 
 
In this study, an annealed Cu46Zr46Al8 bulk metallic glass was scanned and NBED patterns were 
acquired. Using an analysis technique similar to [11], the order and degree of rotational symmetry in the 
diffraction patterns were measured. Representative diffraction patterns corresponding to high degrees of 
two-, three-, four-, and five-fold symmetry are shown in Figure 1. These diffraction patterns correspond 
to regions of local order in the sample, and are indicative of nanoscale structural inhomogeneities. The 
degree of rotational symmetry could then be used to map regions containing local order, with nanometer 
resolution. This research was only possibly due to high speed NBED and direct electron detectors with 
sensitivity for single electron counting, which enables new methods of materials characterization in 
metallic glasses.  
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Figure 1. a) High angle annular dark field (HAADF) image of the region of interest scanned with 
NBED. b, c, e, f) Representative diffraction patterns exhibiting two-, three-, four-, and five-fold 
symmetry, respectively. d) Low magnification HAADF image showing lack of visible damage to the 
sample. 
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