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Compounds consisting of transition metals and rare earth elements often exhibit desirable magnetic
properties for application in memory devices. For example, sputtered amorphous TbxCoi-x (a-Tb-Co) thin
films are magnetically anisotropic under certain growth conditions, with the easy axis perpendicular to the
plane of the film [1]. This magnetic anisotropy depends on growth conditions, composition, and post-
growth heat treatment. Although it is thought that the origin of the magnetic anisotropy is the single ion
anisotropy of Tb together with an anisotropic local structure induced by the growth process, how the
magnetic properties of this material depend on structure, and why it depends on both growth temperature
and evolves with annealing, are unknown [2, 3]. Due to the lack of long-range order in a-Tb-Co and other
disordered materials, it is difficult to relate the changes in magnetic properties to changes in structure.
Although X-ray diffraction has not shown significant changes in short-range order in a-Tb-Co, EXAFS
studies have measured structural changes in a similar system with strong out-of-plane anisotropy, a-Tb-
Fe [4,5]. The enhanced Tb-Fe correlations, as well as changes in interatomic spacing in the in-plane vs.
out-of-plane directions, observed in [4] and [5] indicate that structural features are indeed correlated to
the magnetic anisotropy in these systems. To better understand the relationship between structure, sample
growth and treatment, and magnetic properties in these systems, it is desirable to measure the local
ordering and symmetry in the 2-4 nm range in structurally and magnetically anisotropic systems.

Fluctuation electron microscopy (FEM) is a focused-probe, scanning nanodiffraction technique that is
sensitive to medium range order in disordered materials (Fig. 1). By measuring a series of diffraction
patterns and calculating the variance in intensity as a function of spatial frequency, FEM has been used to
determine the relative amount of medium range on the size scale of the probe used [6]. Typically, this
method is used to detect changes between samples, relating differences in variance and average bond
length to changes in MRO arising from processing or sample compositions. Additionally, the FEM
variance data can be used as a constraint in reverse Monte Carlo calculations [7] to solve for atomic
coordinates. This method has been successfully applied to understand structural evolution of a variety of
amorphous systems. However, a drawback of FEM is that it typically assumes an isotropic sample.
Therefore, we have extended FEM to probe directionally-dependent properties of anisotropic materials by
tilting the sample during sequential data scans. Since diffracted intensity depends most strongly on in-
plane periodicities (i.e., periodic structures that lie in the plane perpendicular to the beam direction), this
method probes in-plane and out-of-plane structures as the sample’s tilt is changed. This allows for
comparison to in-plane and out-of-plane variance as a way to determine differences in medium range order
in these directions.

We have performed tilted FEM experiments on a-Tb-Co samples with low and high out-of-plane magnetic
anisotropy. To calculate precise variance values, a fitting protocol was developed to remove ellipticity
resulting from imperfect microscope alignments. Fitted and corrected diffraction patterns were analyzed
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to determine differences in variance as a function not just of spatial frequency, but also with respect to
scattering angle. Ultimately, angle-dependent variance values can be used to determine the structural
changes that are correlated to changes in magnetic anisotropy in this system. By relating changes in MRO
to changes in short range order, the atomic-scale structural origins of magnetic anisotropy in these
amorphous metal films can be understood [8].
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Figure 1. Comparison of (a) nanodiffraction and (b) parallel beam diffraction. In (a), confining the
probe to a small region (2 nm) gives sensitivity to small regions of ordering. In (b) such features are
averaged over.
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