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Introduction
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1e photodiodes — G-APDs (also known as SiPMs, SSPMs, MRS APDs, AMPDs,
MPPCs) are very promising candidates for many high energy physics (HEP) applications. They have many advantages over conventional

‘G—APDs and their parameters before irradiation (T=22 C)‘

photodetectors (such as photomultiplier tubes (PMTs), APDs and PIN photodiodes) because of their compact size, low power GAPDS Producer's reference | substrate | me | #ofpixels | Uop (vl | (Gaengons) | poEisamyps | vl
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count rate. Many of these defects are electrically active and can change doping concentration in silicon as well as causing charge trapping
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effects. As a result, parameters of G-APDs such as leakage current, dark count rate, gain, and photon detection efficiency may change
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G-APDs spectral responses - measured at T=22 °C
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Photon detection efficiency vs. bias voltage dependence (before and after 810° positrons/cm?) measured at T=22 °C
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‘ Gain vs. bias voltage dependence (before and after 810 positrons/cm?) measured at T=22 °C
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‘ Dark current vs. bias voltage dependence (before and after 8100 positrons/cm?2) measured at T=22 °C
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Dark count vs. bias voltage dependence (before and after 810 positrons/cm?2) measured at T=22 °C
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Dark count damage constant (DCDC) evaluation: ‘ Dark Count Increase/PDE/Area Summary.

G-APDs studied have different area, geometric factor, depletion
volume, etc. To compare the dark count increase produced by
irradiation for each G-APD we calculated the ratio:

(Dark Count(after)- Dark Count(before))/PDE(515nm)/Area
and plotted it as a function of PDE(515nm).
This ratio was found to be in the range of 70+110 kHz/%/mm? for 5
G-APDs out of 8 (see figure). For these G-APDs at T=22C:
DCDC(28 MeV positrons)~0.9+1.4*10-¢ Hz/%/mm?2/positron.
NIEL factor for 28 MeV positrons is ~30 times smaller than for 1 MeV
neutrons (this was verified by irradiating S8148 Hamamatsu APD with
28 MeV positrons and 1 MeV neutrons). One can calculate:
DCDC(1 MeV neutrons)~2.7+4.2*10° Hz/%/mm?neutron

Dark Count Increase/PDE/Area
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Eight G-APDs (produced by CPTA, Mikron/Dubna and Hamamatsu) were irradiated with a 28
MeV positron beam at PSI. The G-APD's gain, photon detection efficiency, dark current, noise
and dark count rate were measured before and after irradiation. A significant increase in leakage
current and dark count rate was measured even after a relatively low positron fluence of 8x10°
positrons/cm? for all the devices. The change of the voltage dependence of the gain and of the
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) Le " Dbt photon detection efficiency was found to be small (less than 15%).
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