Understanding the in-plane thermal conductivity of MoSe-2 from bulk
down to the monolayer
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Understanding thermal fransport in layered materials is crucial for enabling applications in
fields like thermal management and thermoelectricity. Furthermore, this understanding is
required for properly designing, for example, electronic and optoelectronic devices based
on fransition metal dichalcogenides (TMDs). However, despite extensive research on the
thermal properties of TMDs, there is a lack of studies that systematically vary the flake
thickness in the few-layer regime [1, 2, 3] and no consensus exists on how thermal transport
changes for different layer thickness.

Recently [4], we have used Raman thermometry to measure the in-plane thermal
conductivity of a large batch of suspended MoSe:z flakes with thicknesses ranging from
monolayer to bulk. With this technique, we use the calibrated shift of the Aig Raman mode
in MoSe2 as a function of temperature, in order to convert power-induced shifts intfo a local
temperature rise per unit absorbed power, which is inversely related to the thermal
conductivity of the suspended flake. Besides varying the flake thickness, we study the
influence of the environment, heat sinking material, and hole size, in order to identify and
eliminate potential experimental artefacts. We obtain thermal conductivity values for few-
layer MoSe2to be in range 15 - 25 W/m/K, weakly influenced by the thickness of the
suspended flake. We also find that monolayer flakes are strongly affected by the
environment, while thicker flakes are more dependent on proper heat sinking properties.

We complement our experimental findings with state-of-the-art ab-initio simulations that are
valid at non-zero temperature. Our simulations show that there are significant changes in
the modes that are the main responsible for thermal tfransport, although these effects subtly
cancel each other out, leading to a small thickness effect on the in-plane thermal
conductivity. These results may have implications for designing and engineering novel
heat-dissipation and related devices.
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