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Abstract

Size-dependent control of material properties in semiconductors is an important feature exploited for
numerous fundamental and technological applications. In semiconductor quantum dots (QDs), the full
three-dimensional confinement of carrier wavefunctions affords a high degree of optical and electronic
tunability. In 2D semiconductors such as transition metal dichalcogenides (TMDs), out-of-plane vertical
confinement arises naturally from the layered structure, but because of the small exciton Bohr radius of
~1 nm [1], size-dependent control using lateral confinement is challenging. Despite the observation of
lateral confinement effects in monolayer nanoflakes [2] and non-classical light emission from localized
TMD defects [3], systematic size-dependent control of optical and electronic properties of TMD
monolayers is not well established. Here, we present measurements of the optical properties of
laterally-confined monolayer semiconductor quantum dots created through controlled nanopatterning of
single TMD layers into nearly circular nanoflakes. Size-dependent exciton energies are observed from
lateral confinement in monolayers of MoS2 and WSez. Our measurements show that the weak
confinement regime of monolayer TMD QDs shares the valley polarization properties familiar from
unprocessed monolayer TMDs [4,5].
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(a) AFM scan of a 1 um x 1 pm region of patterned QDs with dot pitch of 150 nm.
(b) Photoluminescence spectra from a flake of WSe2 from the QD (on dots) and
unpatterned region (off dots). The QD blue shift of energy is evident.
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