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Quasiparticle Tunneling in Normal-Superconducting Junctions

Normal Superconducting
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Z defined as barrier height

or resistivity in the normal state

Possible quasiparticle tunneling events:

Andreev Reflection q - —q + k"
Ordinary reflection q - —q
Ordinary Transmission q+ k"
Transmission across Fermi surface qJr - -k

Blonder, Tinkham, Klapwijk. "Transition from metallic to tunneling regimes in superconducting microconstrictions:

Excess current, charge imbalance, and supercurrent conversion." Physical Review B 25.7 (1982): 4515.

IEEE-CSC, ESAS and CSS] SUPERCONDUCTIVITY NEWS FORUM (global edition), Issue No. 63,
Mar. 2026. Presentation given at 1SS 2025, Nagasaki, Japan, Dec. 2025.



Quasiparticle Tunneling in Normal-Superconducting Junctions

Superconducting

Andreev Reflection
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Blonder, Tinkham, Klapwijk. "Transition from metallic to tunneling regimes in superconducting microconstrictions:
Excess current, charge imbalance, and supercurrent conversion." Physical Review B 25.7 (1982): 4515.
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Quasiparticle Tunneling in Superconducting Junctions
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Josephson Tunneling

Josephson Equations:
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Y ttrium Barium Copper Oxide (YBCO)

* Orthorhombic perovskite unit cell
Ceramic material
Anisotropic resistivity:
* Py ~2 Pp

* Pe > 10 Py
Anisotr%pic critical current density:
oa .
Anisotropic Penetration Depth:
* 7\'az > }\'b




Ton Irradiation Eftect on YBCO

1 MeV Ne* Ions, 35 keV He" Ions,
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Valles Jr, J. M., et al. “Ion-beam-induced metal-insulator transition
in Y Ba,Cu;0;_;: A mobility edge.” Physical Review B 39, no. 16
(1989): 11599.

IEEE-CSC, ESAS and CSS] SUPERCONDUCTIVITY NEWS FORUM (global edition), Issue No. 63,
Mar. 2026. Presentation given at ISS 2025, Nagasaki, Japan, Dec. 2025.




Focused Helium Ion Microscope

Atomically sharp Displacements/cm? Tons/cm?
tip at high voltage T >2:10% 0 , , , - >3000
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Metal to Insulator Transition 1n Josephson Junctions

S-Metal-S S-Tunneling-S S-Insulating-S
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Direct-inject Washer NanoSlit SQUID
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Cho, Ethan Y., et al. "Direct-coupled micro-magnetometer with Y-Ba-Cu-O
nano-slit SQUID fabricated with a focused helium ion beam." Applied
physics letters 113.16 (2018): 162602.
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Order Parameter Measurement
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— -- Indicates irradiated lines
-- Gold | -- YBCO | -- Substrate
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Angular Dependence Measurement

1 pm Union Jack Polar Energy Gap G =A/(KgTo)
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DeViCe Geometry . - Insulating Dose - Junction Dose
= -vBCo l
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Angular Dependence Measurement

. - Insulating Dose - Junction Dose

oo Average A:14.7+29 mV (19.5%)
G=2.3
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Summary

Direct write interfaceless junctions with in-plane in cuprate superconductors
Junction parameters can be tuned with 1on fluence

Measured an in plane superconducting order parameter in YBCO
* Roughly factor of 2 difference in magnitude with node-like symmetry

Can use this focused He 1on beam fabricated junctions for superconducting tunnel
analysis
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