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We examined nanometer scale structure in Zr-based bulk metallic glass (BMG) using coherent 
electron nanodiffraction [1]. Spatial fluctuations in the diffracted intensity, measured in 
fluctuation electron microscopy (FEM), show that there is a structural heterogeneity at the 1-2nm 
scale [1].  Each nanodiffraction pattern, such as Figure 1(a), shows Bragg diffraction speckles 
from local medium range order (MRO), so the rotational symmetry of the speckles as a function 
of scattering vector magnitude, k, should reveal the internal structure of the MRO. However, 
identifying the important symmetry in nanodiffraction is a difficult task, because the TEM 
sample may contain several ordered regions through the thickness whose speckles may overlap, 
and the important speckles may be hidden by scattering from statistically insignificant structures. 

The angular correlation function, Ck( ), can reveal this structural information [2, 3]. 
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where I(k, ) is the diffracted intensity in polar coordinates. Ck( ) shows the correlations 
between two intensities at the same k, separated by angle , averaged over the entire angle .  
Figure 1(b) shows the unwrapped I(k, ) at k=3.93 nm-1 from the diffraction pattern in Figure 
1(a).  Figure 1(c) is the corresponding C( ) which shows strong 6 fold symmetry. We further 
performed power spectrum (Pn) analysis to quantitatively extract the symmetry in Ck( ).  The Pn 
of Ck( ), shown in Figure 1(d), has even greater sensitivity to the rotational symmetry.  In this 
case, it has a single strong peak at n = 6. 

We calculated the average of Pn(k) over 2,077 nanodiffraction patterns from as-quenched 
Zr50Cu45Al5 BMG ribbons. Figure 2(a) shows the average Pn(k) for n = 2 to 10. Near the 1st

diffraction ring (k~4.0 nm-1), n = 2 (Figure 2(b)) is higher than any other n, so Friedel symmetry 
is the dominant feature. n = 4 and 6, which are signatures of crystalline order, are also relatively 
strong at similar k, but have several peaks in k, especially n = 6. This suggests that there may be 
different types of crystalline-like MRO with different interatomic spacings, which is consistent 
to our findings using FEM [1]. The shape of Pn(k) is different for n = 2, 4, and 6, so the n = 4 
and 6 data are not simple results of random combinations of n = 2. 

We also observe a peak for n = 10 in Figure 2(b). n = 10 fold is a 5-fold symmetry doubled by 
Friedel conjugates, so it may arise from icosahedral-like atomic clusters often identified in 
molecular dynamics simulations [5]. However, nanodiffraction simulations from those widely-
accepted models do not agree with crystalline-like MRO.  Additional modeling results will be 
discussed [6]. 
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Figure 1. (a) Example of a nanodiffraction acquired with 2nm diameter probe. (b) I( ), (c) C
and (d) Pn at k=3.93nm-1of the pattern in (a).  
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Figure 2. (a) Average Pn(k), and (b) line profiles at n = 2, 4, 6, and 10. 
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