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WHAT IS SPAD AND HOW IT WORKS?

» 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 ms) high sensitivity and excellent timing resolution.

» Quenching circuits are required to turn off the avalanche and get the device ready for the next detection.
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DCR INCREASE AFTER NEUTRON RADIATION

» 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

» Non-ionizing irradiation can introduce stable defects,
such as divacancies or multivacancy, within the
depletion region.

Neutron Fluence

[1 MeV neq/cmZ]
> These stable defects create energy levels within the v pre-rad
bandgap, leading to an increase in the DCR. 12 04x10®
-2
1.12x10°
——3.91x10°
Neutron-induced Creation of a \Vacancy and Interstitial in the Lattice. -V 0
Interstitial 100, Median DCRincreasesby |~ ~"1.20x10
. three orders of magnitude | 10
10 54,1510
2 1 -G
—— Vacancy 10
-3 ) ) . ‘ 1
1
! 20% 40% 60% 80% 100%

% devices

Impurity <

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




NIELHYPOTHESIS

» According to NIEL hypothesis, DCR increases linearly by Non-lonizing Energy Loss (NIEL) released in the SPAD
active volume:
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» Avalanche breakdown probability (P+o7) is anticipated using TCAD
simulations.
» Ep is due to the coupled effect of Poole-Frenkel and Phonon- 10>
Assisted Tunneling (PAT). o
9]
am cmjz| S 3 4 2m")2(kyT)2 AE;(6) 5 i
Ep =J0 d(pjo Li;(ﬁ) exp(z—zZ(§ ghF ) —( 2k, T )3)dz| sin6d0
10"

10° 10°
Electric field (V/cm)

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




INTERACTION PROBABILITY MASS FUNCTION

» To estimate NIEL, interaction probability mass and released energy distribution for a single neutron should be
calculated.
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NON-IONIZING ENERGY BY SINGLE NEUTRON

» The energy (T) transferred from a neutron to a PKA > Lindhard partition function is used to estimate

through an interaction is proportional to, normalized PDF for the non-ionizing energy dissipated
by a single neutron, considering the energy spectrum of the
source:
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» To determine the probability density function (PDF) of
T, first fu is computed using Legendre polynomials.
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COMPARISON WITH MEASUREMENTS
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