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Trapped ions have proved to be a promising way of realising a large-scale quantum computer, due to their
long coherence times and reproducibility, while also allowing for modular architectures which is key for a scal-
able, universal quantum computer. A blueprint for a trapped-ion based quantum computer outlines operating
with global microwave fields to dress the ground-state hyperfine manifold of 171Yb+ ions, and demonstrates
a maximally entangled state using a Mølmer-Sørensen type gate with fidelity 0.985(12) [1].
Building on that work, we present novel approaches to performing entanglement gates, which feature mi-
crofabricated ion traps with current-carrying wires (CCWs) embedded in the chips to provide a controllable
magnetic field gradient [2]. A great obstacle for high-fidelity gates is voltage noise, current noise from the
CCWs and anomalous heating, which couple to the qubits and lead to spin and motional decoherence.
We simulate and analyse these various noise sources, and use our models to optimise the experiment param-
eters for maximising fidelity, which in turn will allow for logic operations within the fault-tolerant regime.
Current estimates of the threshold are around 1% for surface code [3], a quantum error correction scheme,
thus guiding us towards the aim of achieving at least 99% fidelity on these new chips.
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