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WHAT IS SPAD AND HOW IT WORKS?

VBias = VBD + VExcess

MquenchVquench

➢ Single Photon Avalanche Diodes (SPADs) are p-n junctions biased above breakdown voltage (known as Geiger 

mode operation).

➢ Thanks to high impact ionization rate in depletion region, even a single carrier can generate a large current pulse at 

the output within some picoseconds         high sensitivity and excellent timing resolution.

➢ Quenching circuits are required to turn off the avalanche and get the device ready for the next detection.



INFN Workshop on Future Detectors, 17-19 March, 2025
2

DCR INCREASE AFTER NEUTRON RADIATION

Neutron

Neutron-induced Creation of a Vacancy and Interstitial in the Lattice.

Interstitial

Vacancy

Impurity

➢ Non-ionizing irradiation can introduce stable defects, 

such as divacancies or multivacancy, within the 

depletion region.

➢ These stable defects create energy levels within the 

bandgap, leading to an increase in the DCR.
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DCR INCREASE AFTER NEUTRON RADIATION
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Neutron-induced Creation of a Vacancy and Interstitial in the Lattice.
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➢ Non-ionizing irradiation can introduce stable defects, 

such as divacancies or multivacancy, within the 

depletion region.

➢ These stable defects create energy levels within the 

bandgap, leading to an increase in the DCR.

Median DCR increases by 

three orders of magnitude 
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NIEL HYPOTHESIS

➢ According to NIEL hypothesis, DCR increases linearly by Non-Ionizing Energy Loss (NIEL) released in the SPAD 

active volume: 

       ∆DCR = 𝑲𝑫 × 𝑬𝑭 × 𝑷𝑻𝑶𝑻 × 𝑽𝒅𝒆𝒑  × 𝑵𝑰𝑬𝑳 ×  𝝋 

damage factor

Enhancement factor Avalanche breakdown 

probability

depletion volume

fluence

➢ Avalanche breakdown probability (PTOT) is anticipated using TCAD 

simulations.

➢ 𝑬𝑭 is due to the coupled effect of Poole-Frenkel and Phonon-

Assisted Tunneling (PAT).
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INTERACTION PROBABILITY MASS FUNCTION

➢ To estimate NIEL, interaction probability mass and released energy distribution for a single neutron should be 

calculated.

➢ By employing the scattering probability within the depletion 

region,

                                            𝑷𝒅 ≈ Ʃ 𝑬𝒊𝒏𝒑  . ∆𝒛, 

and Monte Carlo simulations, number of  interactions 

probability mass function at varying neutron fluences is 

estimated.  

Macroscopic cross section Neutron energy

Depletion width
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NON-IONIZING ENERGY BY SINGLE NEUTRON

➢ Lindhard partition function is used to estimate 

normalized PDF for the non-ionizing energy dissipated 

by a single neutron, considering the energy spectrum of the 

source:

➢ The energy (T) transferred from a neutron to a PKA 

through an interaction is proportional to, 

𝑇 = 𝑔 𝜇 =
𝛾

2
 𝐸𝑖𝑛𝑝 1 − 𝜇

Cosine of the scattering angle
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𝑑𝜇

ȁ𝜇 = 𝑔−1 𝑇

PDF of the cosine of the scattering angle

➢ To determine the probability density function (PDF) of 

T, first 𝑓µ is computed using Legendre polynomials. 

Once 𝑓μ is determined, the PDF of T, denoted as 𝑓_𝑇, is 

given by,
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COMPARISON WITH MEASUREMENTS

F2/A1 S2/A1

KD = 1.61±0.06 × 105 𝐻𝑧/(𝑀𝑒𝑉. 𝑔−1)/𝑐𝑚3 KD = 8.65 ± 1 × 104 𝐻𝑧/(𝑀𝑒𝑉. 𝑔−1)/𝑐𝑚3

KD = 1.9±0.6 × 105 𝐻𝑧/(𝑀𝑒𝑉. 𝑔−1)/𝑐𝑚3Universal damage factor
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