
 

Electronic Structure of Ultra-Dense, Two-Dimensional 

Dopant δ-Layers in Silicon 
 

 

Procopios Constantinou1,2,5,a), Taylor Stock1, Eleanor Crane1,2, Alexander Kölker1,2, 

Marcel van Loon1,2, Juerong Li3, Sarah Fearn1,4, Henric Bornemann1,2, 

Nicolò D’Anna5, Andrew Fisher1,2, Vladimir N. Strocov5, Gabriel Aeppli5,6,7, 

Neil Curson1,8 and Steven Schofield1,2 
 

 

 
1 London Centre for Nanotechnology, University College London, WC1H 0AH, London, UK 

2 Department of Physics and Astronomy, University College London, WC1E 6BT, London, UK 
3 Advanced Technology Institute, University of Surrey, Guildford GU2 7XH, UK 
4 Department of Materials, Imperial College of London, London SW7 2AZ, UK 

5 Paul Scherrer Institute, 5232 Villigen, Switzerland 
6 Institute of Physics, Ecole Polytechnique Fédérale de Lausanne (EPFL), 1015 Lausanne 

7 Department of Physics, ETH Zürich, 8093 Zürich 
8 Department of Electronic and Electrical Engineering, University College London, London WC1H 0AH, UK 

 
a)Corresponding author: procopios.constantinou@psi.ch 

  
Abstract. Probing the electronic properties of two-dimensional (2D) dopant layers (δ-layers) in silicon is crucial to establish 

the quasi-2D characteristics of functional quantum-electronic devices. Here, we present the first soft x-ray angle-resolved 

photoemission spectroscopy (SX-ARPES) measurements of silicon δ-layers. The SX regime allows us to directly probe 

through the native surface oxide, where we demonstrate that nearly ideal 2D electron states exist in these technological 

silicon samples. We quantify the morphology of the δ-layer conduction valleys and deconvolve the spatial confinement of 

the δ-layer directly from the SX-ARPES 𝑘𝑘𝑧𝑧-response. We use this to demonstrate that arsenic δ-layers yield the thinnest 

(< 1 nm) 2D electron liquids ever fabricated in silicon.  


