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Cubic NbN for Superconducting Quantum Circuits

All nitride semi-/super-conductor heterojunctions?! for Josephson Junction (superconducting quantum circuit)
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In thin-films, superconducting NbN stabilizes in the cubic (rock-salt) phase

1S. R. Bauers et al., PNAS 45, 116, 14829 (2019)
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NbN Cubic Phase is Modeled XRD patterns of known (ICSD) polymorphs of NbN
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Why is cubic phase stable in thin-film experiments?

Hypothesis:

 Does there exists other unknown low-energy polymorph(s) of NbN with an average cubic symmetry?
 Can off-stoichiometry or oxygen impurity doping energetically stabilize rock-salt over WC lattice?

 Does in-plane strain due to lattice mis-match with the substrate stabilizes the cubic phase?
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Cubic phase relaxes to lower energy monoclinic phase in DFT Calculations
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Monoclinic is still substantially higher in energy, ~0.195 eV/atom, above the ground state WC lattice NREL | 5



Search for NbN polymorphs using unconstrained structure prediction

Performed using Kinetically limited minimization (KLM)! Structures resulting from KLM sampling (N=4)
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Low energy (< 100 meV/atom) polymorphs from structure prediction
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Low energy (< 100 meV/atom) polymorphs from structure prediction
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None of the discovered low energy polymorphs has a cubic symmetry. Monoclinic still the best approximation 1 | s



Can off-stoichiometry or oxygen doping stabilize rock-salt over CW lattice?
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Energy ordering does NOT change for low off-stoichiometric or O impurity doping levels
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In-plane strain stabilizes the cubic NbN on sapphire (Al,O;) (001)
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Concluding Remarks

* Rock-salt NbN is energetically unstable and relaxes to a lower energy monoclinic phase
* Low off-stoichiometry or oxygen doping do NOT change the energy ordering

* On sapphire Al,O, (001), in-plane strain stabilizes the cubic NbN phase

e On MgO (001), other factors (energy barrier) could possibly trap the metastable monoclinic phase

Questions and feedback: anuj.goyal@nrel.gov NREL | 11
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