Entangling electrons and nuclei in a four-qubit, two-atom device in silicon
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Nuclear spins of donor atoms are candidate qubits that show very long coherence times but
remain challenging to couple. Here we present a four-qubit system consisting of two
phosphorus donor atoms in silicon, both with a coupled electron with spin degree of
freedom. The atoms couple over a distance of 15-22 nm through the exchange interaction of
the electrons. We use phase reversal tomography to show this coupling can be used to
entangle the electrons and nuclei. Benchmarking on the electrons has shown single qubit
fidelity of 99.9% and a Bell state fidelity of 93%[1]. The entangling gate for the nuclei is a
controlled-Z gate imposed by a geometric phase of one of the electrons. Comparing the
results to simulation, it seems the fidelity is severely limited by the electron initialization.
Where the procedure expects to load spin-down electrons onto the donor, spin-up electrons
are loaded an estimated 14% of the time. Efforts to reduce this error through a Maxwell’s
demon loading technique have been shown to be quite successful in earlier work[2].
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