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Classical vs. Quantum Info Systems
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A cavity resonator

4

Gallium Nitride Laser
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A superconducting qubit
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Gallium Nitride Laser
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Superconducting qubits
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Gallium Nitride Laser
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NbN/AlN/NbN JJs and Qubits
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Gallium Nitride Laser
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NbN/AlN/NbN JJs and Qubits
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Gallium Nitride Laser
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Why epitaxial qubits?
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Gallium Nitride Laser
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Gallium Nitride Laser
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Gallium Nitride Laser
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Epitaxial sapphire - 21st century challenge
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Epitaxial sapphire - 21st century challenge
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Homoepitaxial sapphire on c-plane 
has recently been achieved above 
1300oC using laser substrate heater

Majer et al., APL Mater. 12, 091112 (2024)

c-sapphire

c-sapphire

Epitaxial sapphire
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Superconductor on epitaxial sapphire

19

Growth and characterization of TiN on epitaxial sapphire 



Epitaxial superconductors - Niobium nitride

Increasing growth temperature

Tc ~ 13 K Tc < 0.1 K Tc ~ 10 K Tc ~ 0.4 K



~43 nm

~10 nm

10 nm

Note: 0.5 degree miscut NbN on Sapphire

NbN and TiN share similar columnar, porous structure
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Epitaxial nitride superconducting qubits
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Epitaxial nitride Josephson Junctions
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Increasing growth temperature



JJ IV temperature sweep (PPMS)


