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Study of the SiPM Single Photoelectron Timing Resolution 50\)"* ¢ (&5
(SPTR) variations with: ‘6\'\‘ 06" PCQ'\) List of the studied SiPMs (1 and 9 mm?)
\
: dark box * (20°C +/-0.1 C)
» the bias voltage Pilas laser diodes pixel size
(405nm, 470 nm, A Producer Ref SiPM (km) Ve (V)
« the wavelength of the pulsed incident light : 405 —467 - 635 nm 635 nm, 40-50 ps) neutral | Lecroy oscillo WAVEPRO 740Z1 ** X 2
filter 4 GHz, 40 Gs/s, resolution ~ 1 ps AdvanSiD ASD-15-M-50 50x50 | 29
< the temperature - 0°C to 20 °C HAMAMATSU S$10362-11-25 25x25 69,2
-~ Ppti00 o HAMAMATSU $10362-11-50 | 50x50 | 68,3
o _ _ acquisition PC ~
Measurement principle: measurement of the difference of time (At) calibrated HAMAMATSU | 510362-11-100 | 100x100 | 68,7 | <
between the laser trigger signal and the SiPM signal (at the amplifier laser diode driver PIN & PMT HAMAMATSU MPPC-10-50S | 50x50 | 69,1 | €
outpout) = histogram of At > SPTR = FWHM Jitter < 3 ps " | STOP detector HAMAMATSU MPPC-10-100S | 100x100 | 69,1 | ™
At At hist cef /’Y = Sens| SPM1020X13 20x20 | 27
: PMT .7 | F——— Sens| SPM1035X13 35x35 | 27,5
3D translation tables ’ e ' AdvanSiD ASD-3S5-M-50 50x50 31
% HAMAMATSU $10362-33-25 | 25x25 | 69,5 NE
T N T e S L L S HAMAMATSU $10362-33-50 | 50x50 | 69,5 | &
7 7 " T R D I HAMAMATSU | $10362-33-100 | 100x100 | 69,2 | &
ssereimsemrse | ¥ o 656 Vs e R E— Sens| SPM3035X13 | 35x35 | 27
A gP ';t(lrggfl out delay unit WaveCatcher **, resolution ~ 8 ps
threshold trigger laser = 50 % measurement * from 0 to 15 °C, tests are performed inside a climatic chamber
accuracy== 5 % _ _
threshold SiPM signal = 50 % ** correlation oscilloscope /Wavecatcher < 10 %
o _ Study of the SPTR variation as a function of the bias voltage
Full characterization of the SiPMs:
. - . SiPM SPTR 1 mm? - 20°C - 467 nm SiPM SPTR 9 mm2 - 20°C - 467 nm
Before measuring the SPTR, each SiPM is characterized : 450 600
breakdown voltage (Vspo), gain, dark count rate (DCR) as a 17 429 +-510362-11-25
function of the temperature > adaptation of bias voltage 200 B/S10362-11-50 >>0 - JURN
with the temperature in order to keep Vsp constant ©510362-11-100 500 10960900
351
Illumination conditions: 350 MPPC 10-505 450 #-510362-33-100
~ #-MPPC 10-100S 400 395
. | Va0 ~
Very low light flux ~ 1-2 photons/pulse s < 300 ©ASD-15-M-50 2
: . s NI Tl - fre0% 1p.e =
—>at the SiPM output: ma]_orlty of 0, few = =SPM1020X13 = 350
pulses o 1 p.e, very few signal o 2 p.e = o s
(SiPM cross-talk) be 596 - 00 =2r2 240
. : o : P 200 250 240
Contribution to the timing resolution: 188
: 200 215
. 1 A= —
= |aser jitter < 3 ps 150 153 150
" 40 ps <laser pulse width < 50 ps 9 120 ASD & SPM too noisy (~ 10 MHz
= timing resolution of the Wavecatcher ~ 8 ps 100 | | | | | | | 100 l l l l l l l l
= timing resolution of the oscilloscope ~ 1 ps 0,5 1 15 y 25 3 3,5 4 025 075 1,25 1,75 2,25 2,75 325 375 4,25
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Study of the SPTR variation as a function of the wavelength at 20 °C and with Vbias max (above this value the timing resolution is difficult to measure due to the high DCR)
SPM 1 mm?2 (20 & 35 pm) MPPC 1mm2 (50 & 100 pm) & 9 mm2 (25 & 100 pm) ASD 1 mm2 (50 pm)
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Study of the SPTR variation as a function of the temperature at AV (Vbias — Vep) constant (temperature stability = + 0.1 °C)
SPM 1 mm2 (20 & 35 pm) MPPC 1mm2 (50 & 100 pm) & 9 mm2 (25 — 50 - 100 pm) ASD 1 mm2 (50 pm)
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Summary SPTR variation with the wavelength Work still under study

SPTR variation with the bias voltage

Improvement of the SPTR with the
increasing of the bias voltage
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Best SPTR @ 467 nm & 20°C

1 mm2: 120 ps (FWHM)
9 mm2 : 215 ps (FWHM)

A

635 nm

« SPM: small degradation (5 %-15 %)

« MPPC: small improvement:
5- 10 % for 1 mm?2
10 — 20 % for 9 mm?

« ASD: degradation (30 %)

0°C temperature
% SPM: small degradation (5-15 %)
% MPPC: stable for 1 and 9 mm?2

SPTR variation with the temperature

» ASD: stable

20°C

Explanation of :

» the timing distribution shape

> the SPTR differences between 2 SiPMs of the
same kind but with different pixel size

» the SPTR variation with the temperature




