
CNR-SPIN (Genova, Italy)

HYBRID JOSEPHSON JUNCTIONS

BASED ON InSb NANOFLAGS

Dr. Matteo Carrega



Outline

▶ InSb nanoflags for advanced devices

▶ InSb nanoflag Josephson junctions

▶ Superconducting diode in a single Josephson junction

▶ SQUID based on InSb nanoflags



Quantum Technologies

Low temperature superconducting electronics



InSb semiconductor

Why InSb?

▶ narrow bandgap 0.23eV → mid-IR optoelectronics
▶ high bulk mobility 7.7 · 104cm2/(Vs) → high-speed electronic

devices
▶ small effective mass m = 0.018me → low power electronic

devices
▶ strong spin orbit interactions ESOI ∼ 200µeV g ∼ 50 →

spintronics and topological devices



InSb nanoflags

InSb: challenging to grow 2D quantum wells
→ novel approach: 2D nanoflags

Tapered nanowires are used as stems
▶ length ∼ 2µm

▶ width ∼ 700nm

▶ tickness ∼ 100nm

▶ defect-free structure

▶ mobility ∼ 29500cm2/(Vs)

▶ mean free path le ∼ 500nm

Verma et al. ACS Appl. Nano Mater. 2021



InSb Josephson junctions

InSb nanoflag SNS devices

• Nb superconducting contacts ∆ ∼ 1.3meV → ∆∗ ∼ 250µeV
• length ∼ 200nm and width ∼ 700nm
• ballistic regime l ≪ le
• high transparency τ ∼ 0.9

Salimian APL 2021, Turini NanoLetters 2022



Diodes

The pn junction is at the basis of conventional electronics

Is it possible to obtain an analog for superconducting circuits?

Breaking of both time-reversal and inversion symmetry!



SDE experiments



SDE in a single Josephson junction

InSb nanoflag planar Josephson junction

need for a planar B field

Turini et al NanoLetters 2022



Josephson diode effect

Supercurrent at 30mK
I±SW switching current in opposite bias directions

JDE is driven by magnetic field!

Turini et al, Nanoletters 2022



Supercurrent asymmetry

∆ISW = I+SW − |I−SW |

in-plane Bip field dependence

▶ anti-symmetric in B
▶ linear behaviour around B = 0
▶ rounded maxima
▶ suppression above ∼ 20mT

Turini et al, NanoLetters 2022



Angle dependence

JDE depends on the planar angle θ → Rashba SOI

η =
∆ISW

I+SW + |I−SW |
= mBip

linear coefficient m ∝ sin(θ)
Turini et al, NanoLetters 2022



Extrinsic parameters

JDE temperature dependence JDE gate-voltage dependence

Turini et al, NanoLetters 2022



JDE interpretation

• ballistic and short junction regime
• dominant Rashba SOI
• finite momentum pairing q = gµBB/vF
• high transparency τ → skewed CPR

I = I0
∑
n

cn sin(nϕ)

Turini NanoLetters 2022, Iorio PRR 2023, Turini PSS 2024



SQUID based on InSb nanoflags

How to inspect the CPR content?

SQUID with different geometries

Asym
geo = 13.6µm2 Aasym

geo = 118µm2

Chieppa et al, ArXiv 2025



SQUID response

IC, SQUID = Maxφ
[
I1(φ) + I2(φ− 2π

Φ

Φ0
)
]

Interference patterns in the symmetric geometry

High transparency τ at high Vbg

Chieppa et al, ArXiv (2025)



Numerical simulations

Effective two band model for InSb

H(k⃗) =

(
ℏ2k⃗2

2m∗ − µ

)
σ0 − αRkyσx + αRkxσy +

gµB

2
Bσz

• Bogoliubov-de Gennes formalism with ∆ induced SC gap

• Tight-binding simulation
• SQUID geometry with two parallel Josephson junctions
• Recursive Green function method

Chieppa et al, ArXiv (2025)



Skewed CPR

CPR of a single junction with different Vbg

Major skewness at high back-gate

JJ transparency modulated with Vbg

τ =
1

1 + z2(Vbg)

Chieppa et al, ArXiv (2025)



Conclusions

▶ InSb nanoflag based Josephson junction
▶ Josephson diode effect
▶ SQUID based on InSb nanoflags
▶ High harmonic contents and skewed CPRs

B. Turini et al, NanoLetters 22, 8502 (2022)

A. Chieppa et al., ArXiv:2504.**** (2025)
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