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We review and present simulations of our complete (large-signal, small-signal, and noise) electrothermal
model of Kinetic Inductance Detectors [1]. Our geometry-independent model includes both the behaviour
of the microwave resonator as well as the heat capacities of and thermal conductances between the super-
conductor quasiparticles, superconductor phonons, substrate phonons, and thermal bath. Using our previous
results on microwave readout power heating, we quantify the electrothermal feedback due to the dependence
of readout power absorbed on quasiparticle effective temperature.

With this model we calculate the large-signal, small-signal, and noise dynamical behaviour of KIDs, in par-
ticular the changes in mixer I and Q output due to signal power, for a range of device operating parameters
including varying thermal isolation from the bath. We use this to find optimal operating points for detection
of signal power as measured by responsivity and NEP, including combinations of I and Q channel readout, for
both symmetric and highly asymmetric resonance curves. We also discuss how the electrothermal feedback
affects responsivity and NEP, and how changes to the thermal configuration are related to the response time
of the detector and noise measured in the detector output. We briefly comment on how the model can be use
to analyse the behaviour of KIDs operating in a phonon detection mode.

[1] Thomas, C. N., Withington, S. & Goldie, D. J. Electrothermal model of kinetic inductance detectors. Super-
cond. Sci. Technol. 28, 045012 (2015).
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