
Amorphous Aluminium 
Tunnel junctions



AlOx tunnel junctions
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Superconducting devices:  
• Josephson junctions→ SQUIDS, 

Transmon Qubits,..

Single-electronics :
• Single-Electron Transistors
• Coulomb blockade thermometers



Junction Fabrication:









~1*1um^2



Problem: Amorphous 

• Structural inhomogeneities
• Defects like TLS

Problem for SC qubits:
• Affect coherence and 

reproducibility, limiting 
scalability.

Problem in CBTs:
• Temperature dependent 

charging energy? 
DOI: 10.1038/s43246-024-00596-z





Top View

Side View

Oxidation

30 oxygen atoms

16 × 16      on Al(100) surface



Top View

Side View

Oxidation

90 oxygen atoms



Top View

Side View

Oxidation

150 oxygen atoms



Metallization



Metallization



Metallization



Metallization



Diminishing Crystallinity

a single O atom can diminish the Crytal structure



Diminishing Crystallinity

a single O atom can diminish the Crytal structure



Structural properties during the oxidation simulation

• AlOx/vacuum interface is oxygen rich 
compared with the Al/AlOx interface

• Oxide growth is limited in crystal phase?



Effect of Temperature on Oxidation



Top electrode



Partial charges in the structure at various stages





Samples

• 20-30 nm thick oxide- repetitive E&O

•EBPlas: Electron-beam deposition with dynamic oxidation.

•EBPlas-UV: Same as EBPlas, but with UV illumination during 
oxidation.

•EBLes: Electron-beam deposition using Al₂O₃ pellets.
in PVD 75, Kurt J. Lesker Company, Hastings, UK

•SPUT: Sputter deposition with an Ar/O plasma mixture 
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EELS spectra



Chemical composition of different regions



Capacitance measurements

DOI: 10.1038/srep23786

10.1007/BF02548143



Capacitance measurements

In SPUT:
loosely bound O₂ at grain boundaries in γ-Al₂O₃ layer →weakly 
coupled TLS to phonons, increasing 𝜖.





Cabrera-Mott Model:

•Aluminum/oxygen kinetics driven by intrinsic electric field.

•Self-limiting oxide growth.

Oxide Formation:

Driven by strong electric field (~1 GV/m).

Mott Voltage:

For Al₂O₃: V_Mott ≈ 0.5–1 V.



ABAA method



ABAA method



ABAA method



Effect of Temperature



Still Amorphous



Tunability of Qubit frequency



Thanks for your attention



Yazdanmehr et al. Nanoscale Research Letters 2012, 7:488
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