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•Superconductive Nanowire SPD
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➢ ultrathin, ~100-nm-wide superconducting strip on Si /SiN /SiC /sapphire/ 

diamond /  substrate

➢ Current biased at a few K, operated just below it’s transition point

➢ Single photon triggers brief  resistive state, high efficiency at telecom bands, 

picosecond-scale timing, and ultra-low dark counts

➢ Absorbed photon locally breaks Cooper pairs forming nonequilibrium 

quasiparticle

➢ Current crowds around hotspot, exceeding the despairing current, resistive belt
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Interaction 
Points

RF System

FCC Lepton detector (CLD) based on CLICdet

Luminometers

• ~100 km double ring collider

• 2 IPs with 30 mrad crossing angle

• 91 GeV (Z) – 365 GeV (ttbar)

• Luminosity: up to 500×1034 cm-2s-1

Current project:

• Develop NbN and NbTiN processing and 
transition towards MgB2

• Explore physical mechanisms integrating 
acustic (ballistic) phonon detection and 
lower effective detection threshold

• Test different widths of nano-wire to 
characterise high-rate capability and 
recovery time
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•Introduction and Scope

FCC e+e-
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•Introduction and Scope • 20 X 12” single wafers, 1 wafer per layer
• Sensors arranged in Tracks and sectors
• 60 X 1mm wide tracks spanning the perimeter of 

the wafer from 54 mm to 114 mm
• 1 X Alignment track at the outer edge, R = 115 mm
• 40 Sectors, each with 9o angular coverage
• Radial readout corridors between sectors, 1mm 

wide
• Readout region active as patterned in 

superconductive ring
• Sensor geometry: 50 % Fill Factor 
•  200 nm thick MgB2 Film, 2 μm wide



2025 period (August)

➢ First ever particle detection with NbTiN and MbB2 films

➢ 2.28 K operation within the AIDA telescope in H6B area

➢ 100 psec timing, 6 nsec rise times with 200 x 200 μm samples

➢ Very successful test period with article already submitted and under 
reviews, several Conference presentations (VERTEX 2025)

Samples & conditions

➢ Double loop geometry with 51 meandering branches

➢ 7 nm active layer thickness deposited on 400 μm Poly-Si substrate atop 
native SiO2 (1.9 nm)

➢ operated at 28 - 30 μA @ 9.3 V (5th metastable resistive state after Ic)

•2025 Test beam, 160 GeV π0,±

Run Configuration No. of Events Ibisas (SNSPD) Rate (Hz)

DUT Trigger 2933 30 μΑ 0.000439

Tracing & Efficiency 

Run, RoI Trigger

6061 30 μΑ 0.011477

6178 30 μΑ 0.011431

7261 30 μΑ 0.011578

7111 30 μΑ 0.010707

𝜂 =
𝑅𝐷𝑈𝑇 𝑡𝑟𝑖𝑔𝑔𝑒𝑟

𝑅𝑎𝑟𝑒𝑎 𝑡𝑟𝑖𝑔𝑔𝑒𝑟
≈ 𝟑. 𝟖𝟗 %
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https://indico.phy.ornl.gov/event/677/contributions/2766/


• End-to-end fully integrated simulation chain

• Propagation of  fabrication related defects to DFT approach

• GEANT4 integration for  energy deposition simulation

• Effective detection threshold extraction from TDGL approach

Energy Deposition
(GEANT 4) 

ΔΕ to Q(x,y,z,t)

Device Fabrication
(Sentaurus Process - Slitho) 

Parametrization of Jc, R, λL, D 
(diffusion)

Material Properties
(QuantumATK, full DFT) 

Electronics/ phonon 
properties, defect impact

Superconductivity Aware 
nanoscale simulation

(FEniCS)
• 2-temperature model
• quasiparticle diffusion / 

recombination
• time-dependent Ginzburg - 

Landau model for hotspot

Electronics 
(LTSpice) 
R(t, L(t))

•2025 Test beam, 160 GeV π0,±
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Pion beam simulation

Parameter Symbol Value

Beam composition π+ : π− 1 : 1

Mean momentum p0 160 GeV/c

Momentum spread (rms) σp / p0 1 %

Beam spot (rms) σx, σy 10.2 mm, 13.7 mm

Angular divergence p̂ (0, 0, 1) (parallel)

•Geant4 set-up

Parameter Value

Spill duration 4.2 s

Supercycle length 45 s

Spills per super-cycle 2

Particles per spill 1.8×10⁵
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• EM Physics:

• G4EmStandardPhysics_option4 (global)
• G4PAIModel (NbTiN film only)

• Hadronic Physics:

• G4HadronPhysicsFTFP_BERT        -- inelastic

• G4HadronElasticPhysicsXS        -- elastic

• G4IonPhysics & G4StoppingPhysics -- Bragg Peak 

• Decays:

• G4DecayPhysics: 

• Pion and secondaries decay (negligible)

• Other Settings:

• G4StepLimiterPhysics          -- discretization limiter

• G4Region

•Geant4 set-up
Geometry, Materials, Physics Lists

Component Material Thickness

Al window Aluminum (G4_Al) 40um

NbTiN Film 𝑁𝑏0.8𝑇𝑖0.2 alloy[1] 7 nm

SiO2 layer SiO2 (G4_SILICON_DIOXIDE) 2 μm

Poly-Si substrate Si (G4_Si) 500 μm

AlN support AlN (custom) [2] 750 μm

D
U

T

[1] SpringerMaterials, NbTiN data (Inorganic Solid Phases), Springer Nature, 2025.
[2] Slack, G. A.: J. Phys. Chem. Solids 34 (1973) 321.

NbTiN+
SiO2

Poly-Si AlN
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•Geant4 Simulation 
Ionization: Em_option4 vs PAI Model

100% particles deposit energy, with same value.

Verbose output:
G4WT0 > ----- PRIMARY TRACK: pi+  (E = 158.763 GeV) -----
G4WT0 > Film Edep = 0.677272 eV  Proc = StepLimiter
G4WT0 > Film Edep = 0.677272 eV  Proc = StepLimiter
G4WT0 > Film Edep = 0.677272 eV  Proc = StepLimiter
G4WT0 > Film Edep = 0.677272 eV  Proc = StepLimiter
……

3.4% particles deposit energy, with all different values

Verbose output:
G4WT1 >  is now defined in terms Momentum: 160.456GeV/c
G4WT1 > Film Edep = 11.0641 eV  Proc = StepLimiter
G4WT1 > Film Edep = 40.2854 eV  Proc = StepLimiter
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Total 10^6 events:
~ 3.5% pions deposit energy. 
~35,000 hits on each DUT
~9.5 days exposure test

Primary vs Secondary

•Geant4 Simulation 
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Pirmaries/total: 93.4%
Secondaries/total: 6.6%

Pirmaries/total: 93.3%
Secondaries/total: 6.7%

Pirmaries/total.: 93.3%
Secondaries/total: 6.7%
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Model, Process & Provenance

•Geant4 Simulation 

Physics Model

Moller - Bhabha 0.1 %

PAI Model 99.9 %

Ionisation Breakdown

Process DUT1 DUT2 DUT3

e-/+ 6.34% 6.32 % 6.160%

Hadrons 93.62% 93.57 % 93.760%

Ions 0.04% 0.01 % 0.002%
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Understanding the spectrum

•Geant4 Simulation 

• A cut-off at ~1keV in Energy deposition by pions

• A transition cut between soft ionization and 

delta electron production.

• Peaks in spectrum

• Shell details in materials

• G4 use SandiaMix to mix the coefficients, the peaks 

in spectrum are sum of individual atom spectrums

Element K 1s L1 2s L2 2p1/2 L3 2p3/2 M1 3s M2 3p1/2 M3 3p3/2 M4 3d3/2 M5 3d5/2 N1 4s N2 4p1/2 N3 4p3/2
22Ti 4966 560.9 460.2 453.8 58.7 32.6 32.6

41Nb 18986 2698 2465 2371 466.6 376.1 360.6 205.0 202.3 56.4 32.6 30.8

41Nb: M4 3d3/2 
              M5 3d5/2

Nb: M4 3d3/2 
         M5 3d5/2

47Ti: L1 2s 
         L2 2p1/2 
         L3 2p3/2
41Nb: M1 3s
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Model and Solver Consideration

•TDGL Simulation 

• TDGL equations:

Γ
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Time evolution Kinetic (vortex) Local potential

1. B. Li and Z. Zhang, arXiv:1410.3746 (2014)

2. A. I. Blair and D. P. Hampshire, IEEE Trans. Appl. Supercond. 28, 8000205 (2018)

3. Harbick & Transtrum, Phys. Rev. B, (2025), doi:10.1103/q9h5-83fy

4. Gao, Sun, SIAM J. Sci. Comput (2016), doi:10.1137/15M1022744

Normal Current Super Current Total current

3D challenging

pyTDGL Hodge decomposition method Blair & Hampshire Model 3D Model used in superconductive 

RF Cavities simulation

• 2D Finite Element Method

• Triangular meshing

• Well defined functions

• Gauge invariant meshing

• 2D Finite Element Method

• Backward Euler time stepping

• Semi-implicit update

• Lorentz Gauge

• 2D finite difference Crank-

Nicolson algorithm

• Semi-implicit update

• Temporal Gauge

• Fully 3D Finite Element Method

• Gmesh for meshing, FEniCS 3D 

FEM simulation[3]

• Temporal Gauge, but degeneracy 

removed, curl curl stable in 3D[4]

Not extendable to 3D Probably overkill for simple smooth 

rectangles

Rectangular grid (unflexible)

Degeneracy in A solve

Numerical expensive

Source code sample specific
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FEniCS TDGL Simulation: 2D run E-field Drive

• Geometry and meshing (2𝜉 triangular mesh):

• Event simulation

•TDGL Simulation 

Meshing

Superconducting Region 2 𝜉
Periodic boundary condition in x

No symmetry settings (for voltage)

Split-step simulation

Remove hotspot, converge to initial 

state

Current Drive

• Phase vector drive

• Electric field drive

• Source-drain drive

View Results

Save xdmf file and view in Paraview
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Full wafer layout (BETTY)

•Fabrication Run
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The UZH Standard Mask

•Fabrication Run
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Simplified Process flow

•Fabrication Run



The workflow of any fabrication process is defined in the 
Sentaurus workbench (SWB) 

Each step of the process flow can be defined with the different 
tools; this simulation will use:
▪ SProcess and SDE for wafer manipulation
▪ STopography for  wafer and material topography changes
▪ SLitho for lithographic steps 
▪ SnMesh for mesh corrections
▪ SVisual for pictures and SEM simulation

Example simulation in SWB

Still under 
construction

Example of a silicon wafer made with SProcess

Synposys, lithography and topo 

•Process Simulations
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Marker creation in SLitho

Step 
No.

Process Description

1 Resist coating Resist AZ 10xT

2 Photoresist softbake 110°C for 120s 

3 Photolithography 375nm, 130mJ/cm2

4 Development AZ400K:Water 1:3.5 ratio, 50s

5 DRIE 2 um depth

6 Resist removal Tepla + wet remover

Sy
no

ps
ys

Pr
oc

es
s 

flo
w

“Alignment marker”
SNSPD “wires”

Currently, lift-off cannot be done in Synopsys 
because of the way the physics model is implemented

Synopsys is a very in-depth simulation package that 
allows the modification of every parameter for every 
procedure

Pros and cons:

Current state:

Marker creation in the Process flow

Lithographic steps

•Process Simulations
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▪ dR/dT fit done with an asymmetric Gauss + Gumbel distribution. 

▪ Gumbel used to describe the high temperature tail. 

▪ Mathematically, a Gumbel distribution models the distribution of maxima 

events in a series of distributions. 

▪ Physically, the influence of local non uniformities lead to out of order local 

superconducting breakdown, which the Gumbel distribution captures 

correctly. 

The values we need for afterwards are the 

Critical temperature and FWHM:

Sample number Tc ΔT

1 7.73 K 0.23 K

2 7.81 K 0.3 K

Electrical Characterization – R(T)

•Sample Characterization
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▪ Each point on the graph corresponds to the critical current 

defined from the IV curve at that temperature point (combination 

of positive and negative Ic). 

▪ Ic is extracted using a Gumbel to the normalized differential 

resistivity

▪ IVs measured in PPMS with a 120 s wait time between branches to 

allow for temperature stabilization

▪ Hysteresis current not determined due to sample self-heating 

positive feedback and insufficient cooling power

IV curve

Electrical Characterization – Ic(T)

•Sample Characterization
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• Use of discrete High Electron Mobility Transistor 
(HEMT) for cryogenic applications (2.2K)

• Based on Indium Phosphate transitors 
• Simulations under way for appropriate packaging 

choice implementation
• Bare die packaging, good high frequency (> 6 GhZ) 

performance
• SiGe sin-crystallization options under consideration

• 2-stage voltage amplifier
• 2.2 K operation
• Integrated bias Tee 

(SNSPD current biasing)
• AlN substrate PCB with SMP connectors
• 16 readout channels
• < 10 mV heat dissipation total 

(~ 0.6 mV / channel)

Target

•Electronics

E. L. Gkougkousis8 / 7 / 2026 22



•Conclusions & Outlook

➢First Test of  NbTiN and Nb N samplers in test beam 

proved operating principal

➢Efficiency understood with GEANT4 simulations

➢First in-house production run design completed

➢Synopsys simulations on-going for process optimization

➢Electronics design based on High Electron Mobility 

Transistors

➢Time Dependent Ginzburg Landau Simulations for 

optimization of  effective detection threshold

➢Test beam foreseen for this year at end of  July 2026 

testing in-house runs
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