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We have developed a simple method to enrich silicon in which the 29Si non-zero nuclear spin isotope (, natural abundance 4.67%) is depleted in favour of the zero nuclear spin 28Si isotope (, 92.2%). We employ high fluence 28Si ion implantation, from either a standard ion implantation system found in university laboratories and semiconductor foundries or a highly focused ion beam system.  We seek to configure robust, long-lived coherent donor atom spin states in the highly enriched material by depletion of the 29Si nuclear magnetic moments.  Guided by ion-solid computer simulations that predict one-for-one sputtering with 45 keV 28Si ion beams, for broad beam fluences above 1E18 28Si/cm2 29Si depletion is below 150 ppm and an unprecedented 2.3 ppm for fluences above1E19 28Si/cm2 in the focused beam samples [1], both of which are free from isobar contamination (CO, N2) to the limit of detection.  Post-irradiation annealing restores the crystallinity of the samples resulting in a ~200 nm layer of high purity 28Si on both bulk and 220 nm silicon-on-insulator substrates.  We employ high sensitivity Electrically Detected Magnetic Resonance to show narrowing implanted 31P ensemble hyperfine linewidths as 29Si is depleted in our localised enriched volumes. Independently, we have demonstrated deterministic 31PF2 single molecule implants with 99.99% conﬁdence for near surface qubits [2].  Similar conﬁdence is retained for single 123Sb and 209Bi donors [3] which represent high-dimensional qudits for quantum information processing. We demonstrate the construction of regular arrays of donor atoms with 300 nm spacing using step-and-repeat implantation through an AFM nanostencil. Integration of these techniques provide the requirements for the construction of large-scale, donor-based quantum computer in silicon.
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Figure 1 (L-R)) EDMR of P implanted 700 ppm 29Si, PF2 and Sb single implants, 300 nm pitch.
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