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The two-dimensional (2D) materials and their multi-layered heterostructures are being actively 
explored as new materials for multiple applications in optoelectronics, energy storage, gas- and bio-
sensors, and photocatalysis and solar energy conversion, to mention a few. In particular, the transition 
metal dichalcogenides (TMDs), such as tungsten disulfide (WS2) and tungsten diselenide (WSe2), are 
promising materials for optoelectronic applications thanks to their unique optical, electrical and 
mechanical properties [1]. While these materials and their complex WS2-WSe2 heterostructures can 
be effectively grown by chemical vapour deposition, the resulting structures and their surface and 
interfacial defects may significantly affect the performance of resulting devices. 

We therefore studied the hidden subsurface features of the samples, such as dislocations and stacking 
faults. They have been identified by nanomechanical mapping via the well-known methods Ultrasonic 
Force Microscopy (UFM) and Heterodyne Force Microscopy (HFM). These techniques combine Atomic 
Force Microscopy (AFM) with ultrasonic excitation of the tip, sample or both, to probe changes in the 
sample stiffness due to different materials, buried defects, and crystal quality or layer thickness 
variations [2]. This work has been also completed by the cross-sectioning of the TMD heterostructures 
with Beam Exit Cross-sectional Polishing (BEXPTM), revealing the inner structure by cutting the material 
with Ar-ion beam resulting in near-atomically flat sections. This methodology creates an oblique 
damage-free section, with a very shallow angle from the surface, which allows easy access via SPM 
methods to the near-surface and deep subsurface regions [3]. 

The nanomechanical mapping of the UFM and HFM images shows clear contrast in areas that can be 
either linked or independent from the topographical features regions (Fig 1.a and 1.b), both for intact 
and BEXPTM sectioned heterostructures (Fig 1.c and 1.d). The obtained subsurface structures indicate 
that these are linked to dislocations and stacking faults, as well as misorientation of the 
crystallographic axis of the layers. 
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