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SEMICONDUCTOR AND GRAPHENE QUANTUM DOTS 

P. Hawrylak 

Emerging Technologies 
National Research Council (NRC) of Canada, Ottawa, Canada K1A 0R6 

We describe progress in theory and experiments on semiconductor and graphene 

quantum dots with potential applications in nanoelectronics, nanospintronics, nano-

photonics and quantum information processing. The lateral quantum dots defined 

using metallic gates in GaAs/GaAlAs field effect transistor are one of the most ad-

vanced artificial quantum systems in solid state. We will describe a stability diagram 

and spin blockade in triple quantum dot molecule with controlled electron numbers 

in each dot[1], discuss potential use of such a molecule in entanglement and Berry’s 

phase generation[2], chirality based qubits[3] and as building block of a FET with a 

macroscopic quantum groundstate[4]. We next turn to hybrid systems of self-

assembled semiconductor CdTe quantum dots containing single magnetic impuri-

ties. Such impurities can be thought of as an atomic limit of quantum memory di-

rectly integrated into a semiconductor host. We show that the optical detection and 

manipulation of impurity spins is governed by the quantum interference between the 

electron, hole and impurity spin[5,6]. Finally, we discuss one atom thick semicon-

ductor quantum dots made of graphene[7-10] or MoS2[11] . We show that their 

electronic, optical and magnetic properties can be engineered by the size, shape, 

type of edge and number of layers[7-10]. We focus on their optical and magnetic 

properties, and their control with external gate, electric field and photons. Possibility 

of realizing a fully integrated carbon-only quantum circuit will be discussed. 
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