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Controlled functionalisation of nano- and low-dimensional materials will open possibilities for fabrication 

of innovative devices, e.g., long aspired single photon sources and devices for quantum metrology based 

on these materials. Achievement of these is very likely, if nanoscale localised electronic doping 

compatible with large-scale integrated semiconductor technologies can be achieved. Targeted doping, of 

nano-tubes and 2-D materials, e.g., graphene and monolayer BN as well as transition metal 

dichalcogenides (TMDs), has been attempted here via ultra-low energy ion implantation in order to tailor 

bandstructure and thus opto-electronic properties [1, 2, 3, 4]. TMDs are particularly promising for 

quantum device purposes, as they possess many unique properties, such as large direct bandgaps, optically 

addressable spin and valley pseudospin degrees of freedom and large magnetic moments. 

By using atomic resolution high angle annular dark field (HAADF) scanning transmission electron 

microscopy (STEM) supported by structure modelling and image simulation, as well as atomic-scale 

electron energy loss spectroscopy (EELS), we show that precise sites (e.g., substitutional, interstitial, ad-

atom, vacancy), nature and dynamics (e.g., mobility) of individual implants/dopants/point defects in 2-Ds 

can uniquely and directly be identified. Custom software, based on Atomap [5], is employed to 

automatically identify atomic sites in experimental HAADF STEM images. Atomic positions and 

intensities are used, to create accurate image simulations. Agreement between experimental and simulated 

images then provides proof of individual implant positions. Ab initio band structure calculations are 

furthermore used to analyse the suitability of 2-Ds, especially TMDCs, for electronic tailoring via ion 

implantation. Evidence of highly localized bandstructure modification as well as of plasmon tailoring due 

to foreign atoms in graphene and TMDCs will be presented. The examples shown of implants into 

TMDCs, e.g., Se and Cr in MoSe2, WS2 and WSe2, are part of a broad study into the creation of single 

photon emitters in TMDs. Low loss EELS, as well as Photoluminescence and Raman spectroscopy were 

employed to study exciton behavior in these implanted TMDs, supported by Hanbury Brown and Twiss 

experiments to verify single photon emission from implantation sites [6].  
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