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Abstract 

  We review the recent theoretical development in valley-orbit interaction based 

quantum devices in graphene, with emphasis on the principles underlying the devices. 

The unique physical mechanism of valley-orbit interaction in gapped graphene is 

discussed. Being strong and valley-conserving, this mechanism is well suited to 

electrical manipulation of the valley degree of freedom in electrons. We discuss two 

important applications based on this mechanism, namely, 1) valley pair qubits in 

coupled graphene quantum dots, to build quantum networks consisting primarily of 

graphene and photons, and 2) valley FETs consisting of graphene quantum wires 

(channels) and armchair graphene nanoribbons (sources and drains), to build 

graphene-based, low-power FET circuits. 
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