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Despite having characteristics that make them ideal for optoelectronics, monolayer
fransition metal dichalcogenides (TMDCs) have shown low luminescence quantum vyield,
primarily due defect-mediated nonradiative recombination. Several treatments have been
used to passivate defects and improve the photoluminescence (PL) characteristics of MoS,
monolayers [1]. Most studies have exclusively focused on mechanically exfoliated (ME) and
CVD MOoS;. In this study, we focus on MoS, grown via Two-Step ALD Process (ALD), a wafer-
scale technique capable of growing homogeneous monolayer and few layers (up to 300
mm) [2]. The ALD MoS; is known to have smaller crystallite size (~ few tens of nm) and a
relatively higher density of defects compared to ME MoS.. In this study, we examine how the
combination of continuous and different laser power irradiation in presence of specific
environment (denoted hereafter as X) in a sealed-cell can passivate defect sites and strongly
enhance the PL properties of ME and ALD-grown MoS, monolayers. ME MoS, showed strong
site-selective PL enhancement on the laser irradiated part associated with large blueshift and
narrowing of A-exciton peak, while ALD-grown MoS, showed uniform and slight
enhancement across the entire sample with no significant shift. This can be explained by the
ability of this environment to selectively passivate particular defect types, which may be
more widespread in exfoliated MoS, monolayers than in ALD-grown ones. To further assess
any properties modifications, Raman, XPS and AFM analyses are performed on both ME and
ALD MoS2 samples before and after treatment. Our study introduces a new methodology for
the easier treatment and reveals the defect-dependent nature of chemical passivation on
ME and ALD MoSa.
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Figure 1: a) Passivation schematic. b) PL Enhancement of MoS2 ML under X environment, up:
exfoliated ML, down: ALD ML .The inset shows normalized spectra.
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