Optimize the probability of single atom manipulation in scanning transmission electron
microscope
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Aberration-corrected scanning transmission electron microscopy (STEM) provides a powerful way of
identifying dopant atoms with atomic resolution imaging and electron energy-loss spectroscopy (EELS)
Single Si 3,4, N 4,5 and B 6,7 dopant atoms in graphene have already been imaged and their chemical
bonding distinguished from the EELS near-edge fine structure. Substitutional P atoms has also been
observed in STEM and identified by EELS, while in the meantime, it demonstrates a greater variety of
dynamic processes.
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In this work, we discusses the four distinct dynamical processes of dopant atom in graphene and
demonstrated the possibility of manipulating a single phosphorus dopant in the graphene lattice using
STEM. We have further explained the mechanisms of these dynamics using first-principles calculations,
revealing that most processes involve the interaction of the electron beam with a C atom neighboring the
dopant. Some other dynamic processes will be explained by climbing-image nudged elastic band method.
In addition to providing physical insight, we have proposed an architecture for optimizing the probability
of manipulating dopant atoms. Here, we introduce two important concepts: dynamic space and
manipulation decision tree. Dynamic space is a space partitioned into different areas to represent
dynamic processes. It is a convenient way of calculating the scattering cross section of these processes,
which lays the foundation of calculating the probability of each branch in the decision tree. This
architecture offers strategies for a more precise manipulation of dopants in graphene.
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