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Van der Waals (vdW) heterostructures of transitional-metal dichalcogenides (TMDs) have 

attracted significant attention owing to their superior electronic and optoelectronic properties, 

opening up pathways to generate novel materials via a bottom-up approach [1,2]. The 

properties of heterostructures can arise from their interfacial structure. Recent research has 

demonstrated that free-standing TMD/graphene heterostructures have a significant 

photoluminscence quenching response compared to monolayer crystals [3], strongly 

suggesting effective transport of the charge carriers at the interface in free-standing 

heterostructures. 

 

Hexagonal boron nitride (hBN) is an ideal substrate to maintain the intrinsic electronic and 

optoelectronic properties of TMDs[4,5]. In addition, due to its insulating nature, hBN is 

considered to be an ideal substrate for the growth of vdW heterostructures and fabrication of 

electronic devices. In this study, we determine the nucleation and growth of vdW 

heterostructures and the role of substrate defects in the epitaxial growth of TMDs on hBN. 

This study uses atomic resolution aberration-corrected Scanning/Transmission Electron 

Microscopy (AC-S/TEM) imaging and spectroscopy to investigate the atomic, chemical, and 

electronic structure of the TMDs/hBN heterostructures and their epitaxy as a function of 

substrate defects. 

 

Monolayer and few layer Molybdenum Disulphide (MoS2) triangles are grown on 

Mechanically-exfoliated (ME) hBN using atmosphere pressure chemical vapor deposition 

(CVD) technique. Figure 1a shows an SEM image of the MoS2/hBN heterostucture, while 

figure 1b shows an annular dark field (ADF)-STEM image of the same heterostructure.  

MoS2 triangles (100~400 nm) are epitaxially grown and orientated at 180
o
 with respect to 

each other on top of ME-hBN. In this study we observe higher density of MoS2 triangles 

grown at the step edges due to the presence of dangling bonds [3,6]. The strict 

crystallographic relationship between MoS2 and ME-hBN, is confirmed by electron 

diffraction analysis shown in Figure1c. Figures 1b and 1d show ADF-STEM images of the 

heterostructure and the presence of energetically preferred zigzag edge in MoS2 grown on 

ME-hBN. In this study we will further explore the role of substrate defects on the nucleation 

of TMDs and the resulting epitaxy, orientation relationship, and the layer thickness of 

TMDs/hBN heterostructure. 
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Figure.1 (a) SEM image and (b) Annular dark field (ADF)-STEM image of trianglar-shaped 

MoS2 grown on a ME-hBN flake. (c) the diffraction pattern from the red-circled MoS2/hBN, 

yellow shows hBN pattern, blue shows MoS2 pattern, there is an exact 0 degree orientation 

relationship between the interface of epitaxial MoS2 and underlying ME-hBN templates), (d) 

High resolution ADF-STEM image of a trianglar-shaped MoS2 edge on top of a hBN flake. 
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