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Gate tunable spin-singlet/-triplet charged interlayer excitons in atomically thin 
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Abstract: Strong Coulomb interactions across the atomically separated electrons and holes can create 
neutral and charged excitons with long lifetimes in van der Waals (vdW) heterostructures [1]. Large spin-
orbit coupling in transition metal dichalcogenides (TMD) provide helical coupling of photons and excitons 
with different spin states. Here, we fabricate a dual-gated MoSe2/WSe2 vdW heterostructure optoelectronic 
device and demonstrate electrically tunable optical helicity using spin-singlet and spin-triplet charged 
interlayer excitons. We use electrostatic gate doping to reach the spin-split conduction band, accessing the 
spin-triplet exciton state in TMDs (Fig. 1a) and show they still have lifetimes significantly longer than 
intralayer excitons (Fig. 1b). By applying a magnetic field, we measure the g-factors for the two states and 
show that they have opposite signs (Fig. 1c). Due to a non-trivial phase introduced in rotation by the in-
plane displacement of the layers, the singlet and triplet interlayer excitons have opposite valley 
characteristics when emitting the same circular polarization. Electrically controlled and optically addressed 
singlet/triplet charged excitons provide a route for optoelectronic valleytronic devices that can dynamically 
switch between the two valley states without changing the helicity of incoming light. 

 

Fig. 1. (a) Electrostatic doping dependence of the photoluminescence spectra that shows spin-singlet and 
spin-triplet charged interlayer excitons at high n-doping. (b) Single spectra at Vtg = 25 V and lifetimes of the 
two peaks. (c) Energy splitting (∆𝐸 = 𝐸𝜎+ − 𝐸𝜎−) of the photoluminescent energy for the triplet and singlet 

with calculated g-factors. 
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