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Exciton Bohr Radii in the Bulk Ternary Alloy MoxW1-xSe2 
Tongay, S. (Arizona State University); Stier, A.V.; Crooker, S.A. (NHMFL Los Alamos) and Marie, X. (INSA-Toulouse) 

Introduction & Background 

Transition metal dichalcogenides (TMDs) such as monolayer MoS2 and WSe2 share common properties such as a direct optical bandgap, strong light-matter interaction dominated by robust excitons and coupled spin-valley physics as well as spin-orbit splittings of hundreds of meV. The main difference in the tungsten vs. the molybdenum materials is however a different energetic sequence of spin-split conduction band states, which results in the possibility of long lived dark excitons in tungsten-based monolayer TMDs. To this end, it has been shown in a sequence of monolayer ternary alloys, MoxW1-xSe2, that it is possible to engineer the spin-orbit coupling and therefore influence the bandstructure of the monolayer material [1]. 

While binary TMDs have been studied extensively since the 1960s, little is known about ternary TMD alloys. One material property, the exciton Bohr radius, is a fundamental material property which can be utilized to quantify the exciton binding energy. As exciton masses and binding energies are considerably larger than in typical bulk semiconductors such as GaAs, large magnetic fields are necessary in order to access this quantity through the diamagnetic shift of the exciton transition energy in a magnetic field.        
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Experimental 

Here we show that the exciton Bohr radius of ternary TMDs MoxW1-xSe2, varies systematically across the range of materials. We perform polarized low-temperature magneto-reflection studies to 65T and record a systematic decrease of the diamagnetic shift of the A exciton from tungsten to molybdenum alloys (Fig. 1 b-d).  
Results 

These results demonstrate how exciton properties can be tuned in 3D ternary TMD alloys and are a step towards understanding and tuning the electronic properties of future 2D optoelectronic devices.
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Fig.1 (a) Exciton diamagnetic shift of bulk binary TMDs. The Bohr radii are calculated from literature values of the exciton binding energy assuming a 3D hydrogenic model. (b)&(c) Diamagnetic shift of various ternary alloys of MoxW1-xSe2. A continuous decrease of the diamagnetic shift from WSe2 to MoSe2 is observed indicating a decreasing exciton size with increasing Mo content. (d) Calculated exciton Bohr radius and binding energy of MoxW1-xSe2 utilizing the data in Fig. 1(b) and assuming a 3D hydrogenic model as well as a continuously varying exciton reduced mass.









