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Routine defect characterization is a critical capability for understanding defect-property
correlations and optimizing growth of two-dimensional (2D) materials. High throughput
optical methods for defect characterization, such as Raman spectroscopy, are useful
for graphene, but are insufficiently sensitive to defects in some other 2D materials,
such as transition metal dichalcogenides (TMDs), particularly for defect densities of
about 102> cm or less. Typical methods for directly detecting defects at the atomic
scale, such as scanning transmission electron microscopy (STEM) and scanning
tunneling microscopy (STM), are effective, but they are slow and often require arduous
sample preparation. There is a need for 2D material defect characterization techniques
that are routine, fast, and reliable. Here, we demonstrate two atomic force microscopy
(AFM)-based techniques for locating and quantifying atomic-scale defects in 2D
materials. First, we show that conductive AFM can locate and differentiate the same
defects as STM by comparing conductive AFM and STM on the same region of a TMD
crystal’. Our work establishes conductive AFM as a higher-throughput alternative to
STM for defect quantification. Second, we show that lateral force microscopy (LFM)
can locate atomic-scale defects through a direct comparison of LFM with conductive
AFM on a TMD crystal®. Importantly, we show that LFM can also identify atomic-scale
defects in insulators, such as hexagonal boron nitride, because LFM is a purely
mechanical technique. The AFM-based methods presented here enable routine defect
characterization, which will facilitate rapid investigations of defect-property
relationships and speed up the development of new growth processes.
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