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Proton radiation tests Proton radiation tests results
The main characterization of the SPAD!", which is expected to be changed after the radi- -
ation, which is not larger then 10krad, is the effective dark count rate increase. Another SPAD 100um, proton damage test, IUCF - Bloomington, 14th July 2010
parameters such as quantum efficiency, break down voltage, speed were not expected to 10 —————

change!?. The silicon Single Photon Counting Diodes have been tested with 54 MeV protons
at Indiana University Cyclotron Facility (IUCF) at Bloomington, Indiana®® and with ®°Co at
Nuclear Research Institute in Rez, Czech Republic. The SPAD diodes have diameter of
100um and were fabricated at Czech Technical University (CTU).
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the resulting voltage is measured. Effective dark count rate of SPAD#1 irradiated with 53 MeV protons,

pulsed biased 1.3 V above the break down voltage and the effective dark
count rate was measured during the radiation.
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The first radiation test set up - the | __ _. |
diodes with control circuits were set SPAD?2: SPAD1
to the radiation cell and the | < R+

voltmeter with PC were set out of
the radiation cell. SPAD#1 was
operated in actively quenching and
gating mode and the effective dark
count was monitored, SPAD#2 was
biased Dbellow its break down
voltage and the third diode was
unbiased (SPAD#l). The proton flux
was first set to 4x10*protons.cm=.s" p— A | — | | .
- expected peak proton flux of |< 50.8 cm / 20 inch - 1 2 3 4 5 6 7
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spacecrafts in Earth orbit. The
achieved dose was 0.008 krad and 208 cm 1195 et
fluence 5.8x107 protons.cm?. Then | oo <
the proton flux was set to SPAD - 3stace pet

1.99%108 protons.cm=.s, exactly for E

37 seconds; the dose was 1.28 krad

hence the overall fluence = Proton beam
8.3x10° protons.cm.

349 cm/13.75 inch o | Radiation dose [krad]

Out of The effective dark count rate dependence on radiation dose

Proton Radiation cell three diodes average.
beam PC

..... UB'}S Post radiation dark count rates

Voltmeter 10

Noise
meter

thick 3.8cmf1.5inch

Cu attenuator

Power

Pb - shield

The second radiation test set up - SPADs#3, #4,
#5 pins were shorted and connected to the
ground. The samples were irradiated with proton
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energy 54 MeV. The radiation proton flux was _'_2222‘5‘ Annealing at
set: —<—spadt 60°C
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3.1x10° protons.cm®.s" - dose reached 3 krad .} 

and fluence = 2.15x10™ protons.cm™. The effective dark count rates were measured 1, 102, 132

days after the proton irradiation. The test samples were
stored at room temperature except short time, when the
diodes where shipped from USA to the Czech republic.
After 132 days the samples were stored in an oven at
60£1°C for 3 days and the effective dark count rates
where measured 1, 3, 8 days after being stored in the
oven. The slow annealing effects were observed within the
C first 132 days. The slope can be roughly estimated to be
Gamma rays radiation tests 0.8 Mc/s in 100days depending on the total radiation dose.
The annealing effect was increased when the temperature
raised up to 60°C.

6.7x10° protons.cm?.s' - radiation dose was
6.647 krad and fluence = 4.26x10'° protons.cm-2.

After each step the diodes break down voltages
were measured, however no changes were
observed.

Shielding
e L HEE T s The another group of three SPADs were gamma irradiated in the Czech Republic at Nuclear
o Vnliretar Research Institute in Rez using °°Co radiation source. The radiation speed was set to 2.5 rad/s.
0 SPUItE The effective dark count rate was monitored during the irradiation. The samples were irradiated
[| for 3.75 hours and the total reached dose was 34 krad. The effective dark count rate before
‘%CJ irradiation was 0.2 Mc/s. During the irradiation it increased to 1.5 Mc/s, because there were
= 5 additional breaks down caused by gamma radiation. After the irradiation the effective dark
O rtemm3incl | = count rate was again 0.2 Mc/s. The diode break down voltage and detection timing jitter were
s <—>| 3 tested before and after the irradiation, however the gamma ray radiation did not caused any
= — observable changes in diodes performance.
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Conclusion

This study examines the silicon Single Photon Avalanche Diodes 100 um of diameter of active area. The six diodes were irradiated with 53 MeV protons and the effect-
Ive dark count rate radiation dependence can be roughly estimated as 0.95 Mc/s/krad for all tested diode. It can be concluded, that the effective dark count rate radi-
ation dependence is strictly dependent on the radiation flux. The first three diodes were irradiated with approximately 100 times higher proton flux than the second
three diodes. The average effective dark count rate radiation dependence for first three diode is 1.31 Mc/s/krad and for the second three diodes is 0.59 Mc/s/krad,
which is 2.2 times less. The diodes annealing rates were monitored at room temperature and at 60°C. The effective dark count rate was monitored during the radiation,
however the effective dark count rate was the same before and after the radiation. Comparison of the proton and gamma ray tests indicate that the increase of the ef-
fective dark count rate is due primarily to displacement damage in the depletion region.
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