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Quasiparticle Tunneling in Normal-Superconducting Junctions

Normal Superconducting Z defined as barrier height
 or resistivity in the normal state

Possible quasiparticle tunneling events:
Tunneling Type Example

A Andreev Reflection 𝑞𝑞+ → −𝑞𝑞 + 𝑘𝑘 +

B Ordinary reflection 𝑞𝑞+ → −𝑞𝑞 +

C Ordinary Transmission 𝑞𝑞+ → 𝑘𝑘 +

D Transmission across Fermi surface 𝑞𝑞+ → −𝑘𝑘 −
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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 Normal-Superconducting Junctions

Normal Superconducting

Electron volt
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For T=0
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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Density of States

Quasiparticle Tunneling in Superconducting Junctions
-- Occupied State
-- Unoccupied State
-- Barrier

Superconductor – Barrier – Superconductor
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Josephson Tunneling

Superconductor – Barrier – Superconductor
𝐼𝐼 = 𝐼𝐼𝐶𝐶𝑠𝑠𝑠𝑠𝑠𝑠𝜑𝜑

Josephson Equations:

𝑉𝑉
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𝜑𝜑 ≡  𝜗𝜗1  − 𝜗𝜗2
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Yttrium Barium Copper Oxide (YBCO)
• Orthorhombic perovskite unit cell
• Ceramic material
• Anisotropic resistivity:

• ρa ≈ 2ρb
• ρc > 10 ρb

• Anisotropic critical current density:
• j

C

a
> j

C

b

• Anisotropic Penetration Depth:
• λa > λb
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Ion Irradiation Effect on YBCO
1 MeV Ne+ Ions, 

(0.0, 0.1, 2.5, 4.0, 10, 15, 20, 22 x 1013 ions/cm2)

Valles Jr, J. M., et al. “Ion-beam-induced metal-insulator transition 
in Y Ba2Cu3O7− δ: A mobility edge.” Physical Review B 39, no. 16 
(1989): 11599.

35 keV He+ Ions, 
(0.0, 2.0, 8.0, 16, 40, 60, 100 x 1014 ions/cm2)
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Superconductor – Ion Irradiated – Superconductor

Focused Helium Ion Microscope
Displacements/cm3 Ions/cm3
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S-Metal-S

Metal to Insulator Transition in Josephson Junctions

S-Tunneling-S S-Insulating-S

-64% change in R
over 25 K 

6.7% change in R 
over 25 K 

50% change in R 
over 20 K 

50 K

75 K
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Direct-inject washer NanoSlit SQUID

65 μA

11 Ω

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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25 μm 

-- Indicates irradiated lines
-- Gold -- YBCO -- Substrate
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Angular Dependence Measurement 
G ≡ Δ/(KBTC)
GBCS = 1.8
4 μm: 

Δavg = 24.5 ± 2.3 mV
G4 μm = 3.5

Avg1 μm = 13 ± 4.2 mV
G1 μm = 2.2

1 μm: 
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Device Geometry
- YBCO

- Insulating Dose - Junction Dose
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Angular Dependence Measurement 

1 μm

G = 2.3

- Insulating Dose - Junction Dose
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Summary

• Direct write interfaceless junctions with in-plane in cuprate superconductors
• Junction parameters can be tuned with ion 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 ion beam fabricated junctions for superconducting tunnel
analysis
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