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Advances in fundamental chemistry and physics at surfaces have opened new horizons for the 
atomic-scale fabrication of quantum electronic devices. Individual donor atoms can be deterministically 
positioned into silicon using scanning tunnelling microscope (STM) based hydrogen desorption lithography. 
This technique has enabled the creation of devices including one- and two-qubit gates and small-scale 
quantum simulators. Despite more than 20 years of remarkable progress in this field, there are not yet any 
demonstrations of large-scale ordered dopant arrays necessary for technological applications like a solid-state 
quantum computer. In this talk, I will present a brief introduction to this field and an overview of recent 
progress we have made at UCL in expanding the material systems, characterisation techniques, and 
fabrication tools for atomic-scale quantum device fabrication in semiconductors [1-4]. Our research employs 
ultrahigh vacuum STM, angle-resolved photoelectron spectroscopy (ARPES) and other synchrotron-based 
methods, and density functional theory. Notable results include fabricating and characterising the thinnest 
technological electron liquid in silicon (0.45 ± 0.04 nm), developing arsine as a precursor for atomic-scale 
fabrication on both Si(001) and Ge(001), and establishing the foundations for the extreme ultraviolet (EUV) 
patterning of hydrogen-terminated Si(001). I will also highlight some our other work identifying defect states in 
2D materials [5,6].
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