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                    Abstract
Since the very first experimental realization of a Josephson flux-flow oscillator (FFO), its theoretical description has been limited by the phenomenological perturbed sine-Gordon equation (PSGE). While PSGE can qualitatively describe the topological excitations in Josephson junctions that are sine-Gordon solitons or fluxons, it is unable to capture essential physical phenomena of a realistic system such as the coupling between tunnel currents and electromagnetic radiation. Furthermore, PSGE neglects any dependence on energy gaps of superconductors and makes no distinction between symmetric and asymmetric junctions: those made of two identical or two different superconducting materials. It was not until recently when it became possible to calculate properties of FFO by taking into account information about energy gaps of superconductors (Gulevich et al. in Phys Rev B 96:024215, 2017). Such approach is based on the microscopic tunneling theory and has been shown to describe essential features of symmetric Nb–AlO\(_\mathrm{x}\)–Nb junctions. Here, we extend this approach to asymmetric Nb–AlN–NbN junctions and compare the calculated current–voltage characteristics to our experimental results.
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                    Notes
	By “large” magnetic fields, we mean the fields significantly larger than the characteristic magnetic field in the junction, that is, \(j_c\lambda _J\sim 3 \times 10^{-4}\mathrm \;Tesla\) for our experimental samples. This is significantly smaller than the critical field \(H_{c1}\approx 0.14\mathrm \;Tesla\) for bulk Nb at \(T=4.2\mathrm \;K\) [65]. Given this, we assume that properties of the superconductors such as their energy gaps as well as smearing mechanisms responsible for the Riedel peak smoothing are unaffected by application of the external magnetic field.


	Note that because \(j_c\lambda _J \ll H_{c1}\) the Josephson can only be suppressed integrally in the junction but not locally. That is, the pair currents are still present in full in any particular point of the Josephson but affect weakly the global dynamics of the junction.
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