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Atomically thin two-dimensional (2D) transition metal dichalcogenides (TMD) exhibit
extraordinary physical properties similar to graphene with the distinctive feature of having an
intrinsic bandgap, enabling their vast potential applications in ultrafast photonic devices and
optoelectronics as semiconductors. The characterization of these materials is essential for
developing such technologies and the emerging terahertz (THz) microscopy proves to be an ideal
technique allowing contactless probing that reveal electrical properties of microscale structures.
While the optical properties of 2D TMDs have been studied extensively, their properties with
respect to near-field terahertz response are not yet as well-understood. The far-field, millimeter
scale nature of standard terahertz techniques is suitable for measuring the response of bulk
standard semiconductors, but a terahertz microscope further reveals the carrier dynamics of
TMDs. In this study, we employ a unique, optical-pump terahertz-probe microscope to measure
the response of both monolayer and bulk samples of TMD MoS; and WSe; deposited on LiNbO3
crystal substrate. The thin-layer TMDs were fabricated using mechanical exfoliation, resulting in
pure, high-quality single crystal samples that cannot be obtained with chemical vapor deposition
methods. Using optical-pump THz-probe microscopy, we measure the decay lifetime of MoS>
electron carriers with a temporal resolution of approximately five hundred femtoseconds in the 1
THz range to be 8.74 picoseconds and show the THz electric field response of these thin TMDs.
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Near-Field Terahertz Microscopy

Spatially-Resolved Optical-Pump Terahertz-Probe Spectroscopy Atomic Force Microscopy (AFM)
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Conclusions and Next Steps

* Performed near-field optical-pump terahertz-probe imaging with
clear evidence of TMD sample observed.

 Demonstrated THz microscopic imaging potential for non-invasive
characterization of bulk and few-layer TMDs.

* Relaxation rate of carriers may be attributed to the edge state and

Mechanical Exfoliation
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