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Direct probing of ultrafast hot-carrier injection and
photo-induced degradation at Au/WS, interfaces
using time-domain THz emission spectroscopy

Two-dimensional transition metal dichalcogenides (TMDCs) have emerged as model systems for
exploring new physics and enabling next-generation optoelectronic technologies. Their
atomically thin nature, sizable band gaps, and strong interlayer interactions in van der Waals
heterostructures make them promising candidates for valleytronics, quantum emitters,
photodetectors, transistors, light-emitting diodes, or photovoltaics. Yet, despite this promise,
practical device integration remains challenging. Key limitations include high contact resistance
arising from large Schottky barrier heights, uncontrollable Fermi-level pinning, and degradation of
the atomically thin layers in ambient environment. These bottlenecks encourage a better
understanding of interfacial charge injection and the underlying nature of instabilities at metal-
TMDC contacts, as these processes ultimately define device efficiency and reliability.

In this seminar talk, | want to uncover how the interface morphology between atomically-thin
materials and metals can determine charge transfer times, charge carrier injection efficiency and
stability of future optoelectronic devices. Using terahertz emission spectroscopy (TES), we
directly probe charge transfer between a single layer of tungsten disulfide (WS;) and a gold (Au)
substrate after laser excitation with an ultrashort pulse.

By capturing the temporal and polarization characteristics of the emitted electric fields, TES
offers a contact-free, quantitative method to determine the magnitude, direction, and temporal
evolution of the photocurrent. Our observations expose a surprisingly larger photoinduced net
current in samples with a rugged, discontinuous interface, making them the preferred candidates
for photodetectors. The smaller net photocurrent in WS;-Au contacts with a smooth, uniform
interface is attributed to balanced electron and hole transfer, effectively canceling the net
transient current. The study also reveals that WS, placed on an insulating SiO; substrate quickly
deteriorates under light exposure in ambient environment, whereas WS, on gold remains stable
because the metal rapidly removes excess charge that would otherwise trigger exciton-driven
chemical reactions. These findings shed light on how atomic-scale contact quality governs both
performance and durability, paving the way for more reliable and longer-lasting nanoscale
technologies.
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