Integrating high quality factor 3D microwave resonators with nanodevices for global qubit control
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Spin-based quantum devices hold promise for scalable quantum computing, as they are compatible with current large-scale fabrication processes in the semiconducting industry and display much smaller footprints than other qubits platforms. However, one of the main challenges for spin-based quantum computing lies in the ability to individually control large numbers of spin qubits. Different approaches have been investigated in the literature, ranging from having an on-chip transmission line per qubit [1], to generating a global field spanning the whole device, an idea known as ‘global control’ which was first proposed in 1998 [2]. Global control offers a truly scalable solution to qubit control and recent work has demonstrated important aspects of the technique [3,4], where an off-chip 3D dielectric resonator (DR) was excited by a loop coupler to generate the magnetic field needed to control spin qubits.
The integration of DRs with quantum nanoelectronic devices, however, presents several challenges. The internal quality factor  of the DR ultimately determines how efficiently applied microwave power is converted into the magnetic fields used for qubit control [3]. To maximize  and therefore minimize the power needed for qubit control, careful material choice is required to reduce microwave losses present in the system. On the other hand, quantum devices are typically made from metallic gates and bond wires, essential for controlling the qubits inside the chip, which can induce substantial loss and degrade the DR quality factor. In this work we detail this trade-off, showing how the device affects the quality factor of the cavity, and possible avenues to overcome this challenge, retaining low losses and the original chip design simultaneously. 
We present reflection measurements conducted at 4 K, showing how the introduction of the device into the enclosure containing the DR affects the quality factor. We support the measurement results with 3D finite element simulations, which provide additional insight into the different pathways for resonator losses. These results shine new light on the interplay between an high quality dielectric resonator and a quantum nanoelectronic device, providing insight on how to integrate one with the other, and building the foundations to control spin qubits with a dielectric resonator.
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