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Total fluence

Irradiation Step vs Total Fluence

Abstract - siPM (Silicon Photomultipliers) are a very promising technology for

aerospace missions. However, under a significant amount of radiation fluence or
dose a deterioration of the detector performances is observed[1]. It is of general
interest to study the effect of the radiation on the main parameters of the SiPMs
[2]. Here, we report the effect of the irradiation with protons with 4 step fluencies
up to 1x10*! p/cm?on SPADs and SiPMs NUV-HD-lowCT, with different cell sizes
(40pum and 15um).

SiPM NUV-HD-lowCrossTalk

An array of SPADs connected in parallel. The pulse amplitude is normalized to
the height of the single-cell signal.

tot dose tot dose

* | [p/em?] | [neg/cm?]

6,39E+08 9,59E+08
1,98E+10 2,97E+10
3,56E+09 5,34E+09
1,23E+11 1,85E+11

Irradiation step

Steps of the total doses of protons at wich SiPM and SPADs under test have
been exposed (up to 1x10'! p/cm?).

X-Ray/ electrons

* Surface damage due to lonizing Energy Loss (IEL): E < 300 keV
accumulation of charge in the oxide (SiO2)
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It is estimated a maximum fluence achieved | _protons/neutrons
during the tests of 6.4x10"" n,,/ cm?[3]

Scatter plot of the pulse amplitude as a function of its distance from the preceding
event at 6V over-voltage.

Photo-Detection Efficiency (PDE) s - Gain and dark count rate results

The Photo-Detection Efficiency is defined as the Increment of primary DCR with a fluence and excluded

probability that a SiPM detects an incoming photon.
 PDE=FFXQE XTp
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(primary noise) with dose. Small
change in leakage current

Leakage current

DCR increases with dose and it is slightly
dependent on single cell size. For 15 um
SPADs the SIPMs DCR value increases of

up to 10% when the doses increases from c“)’;e;f;\';e:Dr:‘l':;ze‘:’:’trl:elnstuvrzltcaﬁfs‘:::::
0 to 1.23e*! p/ cm?, due to the increase different proton irradiation fluences.

of the DCR of every single SPAD, which
composes the SiPM.
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PDE - Results

6V overvoltage

Gain = amount of charge flowing
per each avalanche, small
changes in gain observed.
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PDE measured on NUV-HD SiPMs with 15 um and 40um cell size at
420nm(a), 435nm(b), 450nm(c) at T amb (~20°C) for different proton
doses and no irradiated with and without coating.

PDE of irradiated SiPMs does not change with dose.
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Conclusion

We performed functional tests on the irradiated samples (SPADs), which confirmed primary
DCR increment, and excluded significant variation in breakdown voltage and gain with

absorbed doses. These results are in good agreement with the evaluation of the effects of NIEL
and IEL damage on Silicon photomultipliers reported in literature for space application [4].
New solutions, for mitigating the SiPMs and SPADs performance degradation, will be
investigated.
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