Four-Spin Qubit Array in SiMOS with Parallel Parity Readout
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To date, high fidelity single and two qubit gates have been routinely achieved in Silicon-MOS (SiMOS) devices. Demonstration of qubit entanglement with more than two quits in such devices has however remained elusive.  In this work we present a four-qubit device formed by a linear array of SiMOS quantum dots, each populated by an electron spin qubit, as seen in figure 1.a. An on-chip antenna allows for electron spin resonance for single qubit operations, and electrode gates between dots provide tuneable exchange coupling required for two-qubit operations. With this device, we demonstrate coherent single qubit operation of all four qubits, as well as pairwise exchange coupling between each nearest neighbour qubit pair. This allows for universal qubit control of the four-qubit processor. Additionally, we are able to achieve high fidelity initialisation of all qubits, and independent parity readout of the Q1-Q2 and Q3-Q4 pairs in a single measurement shot. Finally, we demonstrate the generation of a 3-qubit Greenberger–Horne–Zeilinger (GHZ) state. By performing quantum state tomography on the entangled state, we reconstruct the density matrix shown in figure 1.b. From these measurements, we calculate a Mermin witness value for the state that is greater than the classical limit of 2. This shows successful demonstration of 3 qubit entanglement in a SiMOS device, using two pairs of parity readout.
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