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ABSTRACT: Excitons in nanoscale materials can exhibit �uorescence
�uctuations. Intermittency is pervasive in zero-dimensional emitters such as
single molecules and quantum dots. In contrast, two-dimensional semiconductors
are generally regarded as stable light sources. Noise contains, however, valuable
information about a material. Here, we demonstrate �uorescence �uctuations in a
monolayer semiconductor due to sensitivity to its nanoscopic environment
focusing on the case of a metal �lm. The �uctuations are spatially correlated over
tens of micrometers and follow power-law statistics, with simultaneous changes
in emission intensity and lifetime. At low temperatures, an additional spectral
contribution from interface trap states emerges with �uctuations that are
correlated with neutral excitons and anticorrelated with trions. Mastering exciton
�uctuations has implications for light-emitting devices such as single-photon
sources and could lead to novel excitonic sensors. The quanti�cation of
�uorescence �uctuations, including imaging, unlocks a set of promising tools to characterize and exploit two-dimensional
semiconductors and their interfaces.
KEYWORDS: tungsten disul�de, �uorescence intermittency, noise, surface traps, trions, charge transfer

Zero-dimensional (0D) systems like semiconductor nano-
crystals1,2 and �uorescent dye molecules3 exhibit random

jumps between emitting and nonemitting states. As a result,
the �uorescence of such quantum emitters �uctuates over time
with a telegraphic or �ickering signal.4 Such noise in
�uorescence is often undesired, as applications include
single-photon sources and biological imaging. Extensive e�orts
in 0D systems have aimed at understanding,5,6 manipulating,4
and suppressing �uctuations.7 Noise contains, however,
valuable information about material properties and the
interaction with the environment.8 Analyzing noise in
�uorescence thus o�ers an approach for probing local e�ects
such as intrinsic defects, adsorbed molecules, trap states
localized near the emitter, the quality of heterostructure
interfaces, or changes in the environment. Toward higher
dimensionality, although larger semiconductors are expected to
be less sensitive to their surroundings, blinking has been
reported in perovskites9 and quantum wires.10

In two-dimensional (2D) semiconductors, excitons are
con�ned in the vertical direction, while extending and di�using
along the atomically thin plane.11 Monolayer transition metal
dichalcogenides such as MoS2 and WS2 are direct band gap
semiconductors.12 As there are no surface dangling bonds,
these monolayer semiconductors are generally considered
stable light emitters.13 Their integration in devices requires,
however, depositing them on metals, insulators, or other

semiconductors, where the e�ects of heterojunctions, strain, or
interface imperfections can play a critical role.14 Indeed, the
interactions between two monolayers15�17 or between a
monolayer and a substrate18 are starting to be exploited to
tailor excitons at the nanoscale with unprecedented control.
For example, substrates can be used to create localized
quantum emitters hosted by the 2D material19�22 or its
defects.23 Such 0D-in-2D emitters su�er from �uorescence
intermittency.19,23 In stacked bilayer heterostructures, the
interlayer charge transfer can result in random oscillations
between the emission spectra of two monolayer semi-
conductors.24 More generally, excitons in a single semi-
conductor monolayer could be subject to �uctuations
reporting on its quality or interfacial disorder, among others.

Here, we demonstrate correlated �uorescence �uctuations
over a semiconductor monolayer in�uenced by its environ-
ment. We report strong emission blinking and �ickering by
placing an atomically thin semiconductor on a metal �lm, with
�uctuations reaching an intensity ratio of 5 between bright and
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