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Diffraction streak and spot extraction from a RHEED pattern with a UNet neural network
trained on diffraction images. The direct beam (red box in the original image) is not con-
fused with diffraction spots.
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Thin film synthesis of new materials requires the optimization of many
synthesis control parameters, such as pressure, temperature, growth rate,
etc. For Pulsed Laser Deposition, the parameter space has 6 or more
dimensions. To accelerate the process of finding the optimal point in
this parameter space, we monitor the crystal growth by RHEED, which
detects thin film surface morphology and structure changes. Several
forms of machine learning are used to autonomously choose crystal
growth conditions that optimize for the desired diffraction features, such
as a crystal phase with a specific lattice parameter or the best surface
flatness.

Semantic segmentation of the diffraction images is used to extract
similar diffraction features (left figure), followed by periodicity analysis
and parameter clustering, which gives the phase composition of the film
and a quality factor for the surface structure. The phase information
can be used to build a phase stability map (right figure). Bayesian
optimization is used to obtain autonomous synthesis control to select the
best growth conditions and to rapidly obtain the desired crystal phase
in a multidimensional parameter space. This autonomous feedback
operation is more than an order of magnitude faster than traditional
manual parameter optimization.
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Automated thin film growth phase mapping of hematite (Fe,O3) and magnetite (Fe304)
on Al>O3 as a function of temperature and oxygen pressure.
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