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Tungsten disulfide (WS2) 

multilayer is a semiconductor 

with an indirect band-gap. We 

found that the efficiency of light 

emission for the twist-controlled 

WS2 multilayers is higher than 

that for a WS2 monolayer with a 

direct band-gap. We try to 

develop light emitting diodes 

with ultra-low power 

consumption by utilizing the 

twist-controlled WS2 multilayers. 

Light emission 

Optical properties of TMD depend strongly on 

the structural parameters such as the layer 

number and  surrounding materials. We 

investigate fundamental optical properties for 

various TMD monolayers encapsulated by h-BN. 

We demonstrated that the photoluminescence 

peak intensity based on exciton emission was 

very large even under strong photoexcitation. 

M : Transition metal atom 

X : Chalcogen atom 
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