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Pulsed-laser deposition (PLD) is a powerful technique to grow complex oxides with controlled stoichiometry. To understand growth dynamics, it is common to leverage in situ spectroscopies such as reflection high energy electron diffraction (RHEED) 
to monitor surface crystallinity. Most commercial systems rely on video-rate cameras operating at 60-120 Hz that lack sufficient temporal resolution to capture growth dynamics at practical deposition frequencies. Here, we implement a high-speed 
platform to record in situ dynamics via RHEED at >500 Hz. We design an open-source analysis package to fit diffraction spots to 2D Gaussian, allowing single-pulse surface reconstruction kinetics extraction. Using homoepitaxially deposited 
(001)-oriented SrTiO3 as a model system, we demonstrate how high-speed RHEED can provide real time insight into growth processes obscured by slower acquisition systems. By fitting the single-pulse intensity to a set of exponential functions, 
we observe changes in the characteristic decay time and mechanism correlated to the substrate step width and surface termination. Specifically, we observe exponential decay in per pulse intensity when depositing on lower energy TiO2-terminated 
surfaces. Conversely, exponential stabilization is observed when surfaces are SrO or mixed terminated. Similarly, the extracted characteristic time decreases with an increase in the density of bonding sites associated with mixed termination and 
narrower step widths. Ultimately, this work shows how increasing RHEED temporal resolution can uncover new insight into growth processes. This experimental platform provides new capabilities to enable data-driven machine learning analysis 
and autonomous control systems to enhance the complexity and fecundity of PLD.
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We collect RHEED spot intensity data with time for three samples: treated_213nm, treated_81nm and 
untreated_162nm. Collected data are for different growth frequencies. Growth mechanism is analyzed 
by fitting with Frank-Van der Merwe or layer-by-layer growth model; and characteristic time of deposition 
are calculated by fitting into two exponential functions: y=(ax+b)(1-e(-t/τ)) and y=(ax+b)e(-t/τ). 

Future Work

This work will serve as a analysis tool or a pipeline for future RHEED intensity data with 
various growth technique and experimental condition. To provide a better understand-
ing of growth process and surface kinetics, Deep Learning model with low latency could 
be developed to extract features from data and provide real-time guidance for growth of 
thin-film in Pulsed Laser Deposition or other growth technique such as Molecular Beam 
Epitaxy.
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