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Shrinking electronic circuits down to nanometer scale may enable atomic scale electronics and 
photonics powering quantum processors and nanoscale robots. We describe here recent theoretical 
and experimental work aiming at design of atomically precise nanostructures in graphene and 
transition metal dichalcogenites (TMDCs) capable of realizing the three functionalities of a quantum 
circuit: electronics, photonics and spintronics. The design tools include combination of materials, 
number of atomic layers, lateral size, shape, type of edge, sublattice symmetry, topology and carrier 
density in graphene and TMDC quantum dots. In graphene, sublattice engineering allows design of 
magnetic moments tunable with voltage and light and size engineering leads to optical gaps from THz 
to UV[1-4]. Electrostatically defined quantum dots bypass the need to control the edges of finite 
structures. We describe the role of gates, K and Q valleys, SO, topology, number of electrons  and 
electron-electron interactions on the electronic properties of electrostatically gated quantum dots in 
bilayer graphene and MoS2 [5-7]. The existence of valley polarized broken symmetry many-body 
states will be discussed. 
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