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Structural phase transitions are an important aspect of functional materials due to the strong coupling between the functional
properties and crystal structure. Transmission electron microscopy (TEM) is a powerful technique used to examine materials
all the way down to single atomic columns. Studying the structure of materials at temperatures from room temperature to above
1000 degrees Celsius with TEM is today routine, thanks to improvements in chip-based in-situ TEM-holders. Studying the struc-
tural changes can be done in several ways, from conventional TEM (cTEM), electron diffraction (ED) or atomic resolution STEM.
Due to advances in fast pixelated electron detectors it is now possible to acquire a STEM diffraction pattern for each probe pos-
ition in the scan, yielding a 4-dimensional dataset (4D-STEM). This gives highly detailed information about the crystal structure
at the nanoscale, but also gives very large and complex data.
In this work, we utilize higher order Laue zones (HOLZ) [1] to study nanoscale structural phase transitions using 4D-STEM.

The studied material is VO2 films deposited on in-situ heating chips [2]. At room temperature, the diffraction pattern has an “ex-
tra” HOLZ ring (Fig. 1a) compared to the high temperature diffraction pattern (Fig. 1b). The appearance and disappearance of
the HOLZ ring is a signature of a transition from one crystal structure to another, as the HOLZ is sensitive to the periodicity
parallel to the electron beam.
The presentation will focus on the data processing steps for ascertaining if the material is in the low or high temperature struc-

tural phase. This is made difficult by the textured nature of the film, meaning the film is arranged in grains with different crystal
orientations, resulting in the HOLZ “ring” becoming non-circular. This necessitates a combination of template matching, peak
finding and clustering as shown in Fig. 2. This is implemented using the open source Python libraries HyperSpy and pyXem to
handle the very large data sizes [3].

Fig. 1. 4D-STEMdiffraction image from the a) low temperature and b) high temperature phase, showing the “extra” higher order Laue zone (HOLZ) ring in
the low temperature phase.

Fig. 2. Data processing steps for finding the presence of the “extra”HOLZ ring, which ismade difficult by large changes in intensity andmovement of the
HOLZ ring: a) template matching with a binary disk, b) peak finding of the “template matched” image.
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