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Aberration-corrected scanning transmission electron microscopy (STEM) operated at low accelerating voltage can now provide real space 

imaging and spectroscopy analysis at the atomic scale with single atom sensitivity. We have demonstrated that via quantitative STEM 

imaging analysis, chemical nature of each atom can be directly identified in two dimensional (2D) materials, and chemical bonding of 

single dopants can be measured experimentally via analysis of the fine structure in electron energy-loss spectra[1]. This opens new 

opportunities for quantitative study of the structure and chemistry at the interface of 2D heterostructures. Such studies, especially when 

combined with first-principles calculations, serve as an important step to correlate the interface structure with their local properties, unveil 

the atomic growth mechanism for new quantum-structures, and help to create new functionalities in these 2D materials via controlled 

growth.   

Using low-voltage aberration corrected STEM imaging, we presented a systematic study of lateral 2D semiconductor heterostructures with 

and without lattice mismatch, where quantitative STEM imaging can be applied to perform atom-by-atom chemical mapping and strain 

analysis at the interfaces. We show that for 2D lateral heterostructures where the two monolayer components have similar crystal structure 

and negligible lattice mismatch, such as WS2/MoS2 or WSe2/MoSe2, lateral epitaxial growth can lead to atomically abrupt interface [2]. In 

contrast, strain relaxation at lateral interfaces with lattice mismatch often lead to misfit dislocation arrays. We demonstrate that such misfit 

dislocations can induce the formation and growth of sub-2-nm quantum-well arrays in semiconductor monolayers, driven by dislocation 

climb [3]. Such misfit-dislocation-driven growth can be applied to different combinations of 2D monolayers with lattice mismatch, paving 

the way to a wide range of 2D quantum-well superlattices with controllable band alignment and nanoscale width. 
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