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Circuit quantum electrodynamics (cQED) systems in the strong coupling regime provide a long-range qubit coupling scheme, given the prerequisite of a small resonator photon leakage rate 𝜅 [1]. Low-pass on-chip filters are inserted in each electrode to mitigate 𝜅 [2].
Several filters have been proposed, but there is no detailed discussion covering all the following filter requirements: large microwave attenuation, small footprint, low crosstalk, low waveform distortion and compatibility with cQED fabrication processes [2-5].  
We propose a design guideline for on-chip filters in cQED systems. We theoretically investigate the correlation between filter microwave attenuation and resonator photon leakage rate, identifying a threshold of 30 dB microwave attenuation. We compare different filter types and choose a low-pass lumped Chebyshev filter design. The Chebyshev filter parameters are determined through simulation and theoretical analysis, then the influence of crosstalk and waveform distortion induced by filters are considered. Finally, through sample fabrication and filter performance characterization, we demonstrate that our filter design meets the criteria mentioned above.
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