
Narrative Highlight Text: Reflection High Energy Electron Diffraction (RHEED) is a mainstay of film 
growth chambers worldwide, allowing in-situ monitoring of films grown by molecular beam epitaxy 
(MBE) or pulsed laser deposition (PLD). Researchers have used the intensity oscillations of the 
specular RHEED reflection to determine the layer coverage and thus provide control over thickness. 
However, there is a wealth of other static and dynamic information contained in the RHEED images, 
such as spatial extent of ordering (step density), the presence of surface reconstructions, and 
transitions from two-dimensional to three-dimensional growth. However, due to the large data size 
of a RHEED image sequence, much of this information is discarded due to lack of appropriate 
computational tools. Here, we apply multivariate statistical approaches to analyze an entire RHEED 
movie of La3/8Ca5/8MnO3 growing ion (001) SrTiO3 substrate. The analyses used include Principal 
Component analysis, which greatly reduces data size and highlights the relevant behaviors in the 
film, and Fourier analysis, which isolates the transmission spots arising from non-ideal layer by layer 
growth of the front. K-means clustering reveals the presence of clusters that are largely streaky, but 
transition to a more spot-like pattern towards the latter stages of the growth, suggesting a 
transition to a more ordered growth. These results are confirmed through in-situ atomically 
resolved real-space images of LCMO films of varying thicknesses. Overall this study details an 
effective method to analyze RHEED data in a systematic fashion without information loss, and 
further could potentially be applied in-operando using forward-prediction algorithms to increase 
epitaxial film quality over current levels.

Reference
“Big-data Reflection High Energy Electron Diffraction Analysis for Understanding Epitaxial 
Film Growth Processes”
Rama K. Vasudevan,1,2 Alexander Tselev,1,2 Arthur P. Baddorf,1,2 Sergei V. Kalinin1,2

1Center for Nanophase Materials Sciences  
2ORNL Institute for Functional Imaging of Materials, 
Oak Ridge National Laboratory, Oak Ridge TN 37831, USA  

1



ACS Nano (2014) DOI: 10.1021/nn504730n

Acknowledgment of Support
Research supported by the U.S. Department of Energy (DOE), Office of Science, Basic 
Energy Sciences (BES), Materials Sciences and Engineering Division and performed at 
the Center for Nanophase Materials Sciences, which is sponsored at Oak Ridge 
National Laboratory by DOE-BES.

1


