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Summary:  

 

Å Reasons for the test at the IRMMõS GELINA facility (proposal originated by G. 
Cibinetto , INFN -FE) 

 

Å Overview of the electronic chain for the GELINA test  

 

Å SiPM signals picked up at the analog test point of the modified ABCD board 
BEFORE irradiation  

 

Å SiPM signals picked up at the analog test point of the modified ABCD board 
AFTER irradiation ( integrated fluence of about 1.8 ā 1010 n/cm 2 ) 

 

Å preliminary conclusions  
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Reason for the test: to study damage induced in SiPMs by thermal neutrons  

Å òGELINAó, neutron  time  ðof -flight  facility  at  the  Institute  for  Reference  Materials  and 
Measurements  (IRMM)  

http://irmm.jrc.ec.europa.eu/about_IRMM/Pages/index.aspx 

V.Santoro, reported at the 
SuperB background 
meeting, LNF, Feb 2012 

1 eV integral fluence 
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Reason for the test (originally proposed by G. Cibinetto , INFN -FE): to study damage induced in SiPMs by 
thermal neutrons  

Main goal of  the  SiPM test  at  the  GELINA  
neutron  time - of - flight  facility  at  IRMM - Geel:   

- to  study  SiPM damage induced by thermal  neutrons  
(cfr . background neutron  energy spectrum  for  IFR)  

- to  verify  effectiveness  of  thermal  neutron  shields  

Å specification  for  electronics : 

Å parallel  testing  of  a sufficient  number of  SiPM 
samples of  different  layout  and of  different  
manufacturers  

Å monitoring  of  significant  SiPM operational  
parameters  such as: 

Å bias current  (by commercial  DAQ  system)  

Å dark  count  (by ABCD board)  

Å gain monitoring : to  do this  we plan to  
illuminate  the  SiPMs and to  evaluate the  
SIPM  gain by collecting  pulse amplitude  
histograms  with  the  electronics  
provided  by the  collaborators  of  
INFN  Bologna (Alessandro  
Montanari , Niccoloõ Tosi) 
Å temperature  monitoring  (by commercial DAQ  
system)  

 

 

V.Santoro, reported at the 
SuperB background 
meeting, LNF, Feb 2012 
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Å SiPM test  fixtures : proposed arrangement  

A wheel made of  8 PCB in form  of  octagonal slices 
is foreseen . Each slice will  host : 
-3 SiPM of  an homogeneous type : all are read  by 
an òIFR-ABCDó card ; one is also readout  by the  
Bologna readout  card . 
-1 DAC for  setting  the  SiPM bias corrections,  
since the  3 SiPM share a common òhigh sideó bias 
voltage . 
-1 LED to  provide  light  pulses for  gain monitoring  
-1 temperature  sensor (Pt100) 
-1 on board  slow ADC (for  auxiliary  monitoring)   
-1 LDO regulator  (as a DUT)  
-1 light  tight  cap 

beam 

LwaaΩǎ 5ǊΦ tŜǘŜǊ {ŎƘƛƭƭŜōŜŜŎƪȄ  ƛƴŘƛŎŀǘƛƴƎ 
the test station at 10m from the neutron 
source; the beam is 5cm in diameter at 
this location 
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Å SiPM test  fixtures : picture  of  the  test  assembly and detail  of  a unit  for  3 SiPM  

Overview of the electronic chain for the GELINA test 



Overview of the electronic chain for the GELINA test 
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Å SiPM test  fixtures : test  assembly in the  experimental  area  
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Å SiPM test  fixtures : test  assembly in the  experimental  area  

BOLOGNA 

DAQ system 

ñABCDò card 

and crate 
NI ñC-RIOò system for current 

and temperature monitoring 

(M. Andreotti, INFN -Ferrara)  

SiPM test assembly 
1cm thick Lead filter in front of the beam exit window; filter 

configuration has changed throughout the test 
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Å SiPM test  fixtures : schematic  of  a unit  for  3 SiPM: detail  of  the  òamplifier-fanout ó channel for  
sharing buffered  signals among the  Ferrara  òABCDó card  and the  Bologna DAQ  card  

R.Malaguti, A.C.R., INFN -FE apr-may 2012  

Bias and current monitor  

Bias adjustment DAC 
(I2C)  

LDO reg (as a DUT) and 
I/O connectors  

Bias, current monitor and 
buffers  

On board A/D (I2C)  

Modifications on the field:  
Å U2 REMOVED 
Å R2 value :1k - > 0 Ohm  
Å C61value :100nF - > 0 Ohm  
Å R55value : 1k - > 330  
Å R3 REMOVED 
Å 220pF mounted // R10  
Å R6,R9 value: 470 - > 330  
Å add 270 Ohm load resistor 
from U3.1 to ground  
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Å SiPM test  fixtures : schematic  of  a unit  for  3 SiPM: detail  of  the  òstraight outó channel for  
signals only going to  the  Ferrara  òABCDó card  

R.Malaguti, A.C.R., INFN -FE apr-may 2012  

Bias and current monitor  

Bias adjustment DAC 
(I2C)  

LDO reg (as a DUT) and 
I/O connectors  

Bias, current monitor and 
buffers  

On board A/D (I2C)  
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Å SiPM test  fixtures : ISEG,  CAN bus controlled  power supply unit  used to  supply the  VBIAS  inputs  
of  the  carrier  PCBs 



Overview of the electronic chain for the GELINA test 
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Å SiPM test  fixtures : schematic  of  the  amplification  channel on the   Ferrara  òABCDó board   

Modifications on the field:  
Å Ccoupling value : 220pF - > 100nF  
Å Lgain      replaced by a 0 Ohm resistor  
Å Rgain      paralleled with a Cgain capacitor  
 

 Values of Rgain  and Cgain change are given, 
for any specific channel, in the following 
slides  

Ccoupling 

Lgain 

Rgain 



Amplified {ƛta ǎƛƎƴŀƭǎ ǇƛŎƪŜŘ ǳǇ ŀǘ ǘƘŜ ŀƴŀƭƻƎ ǘŜǎǘ Ǉƻƛƴǘ ƻŦ ǘƘŜ ƳƻŘƛŦƛŜŘ ά!./5έ ōƻŀǊŘ ό D9[Lb!Σ Wǳƭȅ мнth 2012)  
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Ch0_50u04h1p Ch1_100u00h1p Ch2_25u06h1p 

ABCD board channel number: range 0 to 23 (20 and 23 unused) 

Pitch of SiPM pixels: choice of 50um, 100um, 25um  

SiPM ID  

SiPM manufacturer: h=Hamamatsu, s=SensL, f=FBK  

Id code of the carrier PCB (1 through 8) 

NOTE: the first channel of a triplet is amplified on the carrier PCB and a copy of the 
output signal is sent also to the Bologna DAQ board 



Amplified SiPM signals picked up at the analog test point of the modified ABCD board ( A.C.R. July 12th 2012)  
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Measurements performed BEFORE irradiation to evaluate the single p.e. pulse height and determine the 
discriminator threshold 

Ch0_50u04h1p Ch1_100u00h1p Ch2_25u06h1p 

Hamamatsu MPPCs 1mm x 1mm 
Å Vbias = -71V 
Å peak signal amplitude for 1 
p.e. input = -74mV 
(measured ŀǘ ǘƘŜ ŎƘŀƴƴŜƭΩǎ 
analog test point) 
Å ά!./5έ ŎŀǊŘ Ǝŀƛƴ ǎŜǘǘƛƴƎ 
parameters: 

V Rgain = 150 ʍ 
V Cgain = 100pF 

Å Vbias = -70.5V 
Å peak signal amplitude for 1 
p.e. input = -15.7mV 
(measured ŀǘ ǘƘŜ ŎƘŀƴƴŜƭΩǎ 
analog test point) 
Å ά!./5έ ŎŀǊŘ Ǝŀƛƴ ǎŜǘǘƛƴƎ 
parameters: 

V Rgain = 220 ʍ 
V Cgain = 100pF 

Å Vbias = -74V 
Å peak signal amplitude for 1 
p.e. input = -9.5mV 
(measured ŀǘ ǘƘŜ ŎƘŀƴƴŜƭΩǎ 
analog test point) 
Å ά!./5έ ŎŀǊŘ Ǝŀƛƴ ǎŜǘǘƛƴƎ 
parameters: 

V Rgain = 330 ʍ 
V Cgain =   68pF 

bƻǘŜΥ ǘƘŜ ŀƳǇƭƛǘǳŘŜ ƻŦ ǘƘŜ ǎƛƎƴŀƭ ŀǘ ǘƘŜ ά!./5έ ŘƛǎŎǊƛƳƛƴŀǘƻǊǎ ƛǎ ŀōƻǳǘ мΦу ǘƛƳŜǎ ƭŀǊƎŜǊ ǘƘŀƴ ǘƘŀǘ ŀǘ ǘƘŜ ǘŜǎǘǇƻƛƴǘ 



Amplified SiPM signals picked up at the analog test point of the modified ABCD board ( A.C.R. July 12th 2012)  

Angelo Cotta Ramusino  INFN-Ferrara    Sept 2nd 2012 15 

Measurements performed BEFORE irradiation to evaluate the single p.e. pulse height and determine the 
discriminator threshold 

Ch3_50u26s2p Ch4_100u30s2p Ch5_20u29s2p 

SensL SiPMs 1mm x 1mm 
Å Vbias = -29.1V 
Å peak signal amplitude for 1 
p.e. input = -50.5mV 
(measured ŀǘ ǘƘŜ ŎƘŀƴƴŜƭΩǎ 
analog test point) 
Å ά!./5έ ŎŀǊŘ Ǝŀƛƴ ǎŜǘǘƛƴƎ 
parameters: 

V Rgain = 150 ʍ 
V Cgain = 100pF 

Å Vbias = -29.1V 
Å peak signal amplitude for 1 
p.e. input = -9.3mV 
(measured ŀǘ ǘƘŜ ŎƘŀƴƴŜƭΩǎ 
analog test point) 
Å ά!./5έ ŎŀǊŘ Ǝŀƛƴ ǎŜǘǘƛƴƎ 
parameters: 

V Rgain = 330 ʍ 
V Cgain =   68pF 

Å Vbias = -29.1V 
Å peak signal amplitude for 1 
p.e. input = -7.6mV 
(measured ŀǘ ǘƘŜ ŎƘŀƴƴŜƭΩǎ 
analog test point) 
Å ά!./5έ ŎŀǊŘ Ǝŀƛƴ ǎŜǘǘƛƴƎ 
parameters: 

V Rgain = 330 ʍ 
V Cgain =   68pF 

bƻǘŜΥ ǘƘŜ ŀƳǇƭƛǘǳŘŜ ƻŦ ǘƘŜ ǎƛƎƴŀƭ ŀǘ ǘƘŜ ά!./5έ ŘƛǎŎǊƛƳƛƴŀǘƻǊǎ ƛǎ ŀōƻǳǘ мΦу ǘƛƳŜǎ ƭŀǊƎŜǊ ǘƘŀƴ ǘƘŀǘ ŀǘ ǘƘŜ ǘŜǎǘǇƻƛƴǘ 
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Measurements performed BEFORE irradiation to evaluate the single p.e. pulse height and determine the 
discriminator threshold 

Ch6_50u11f3p Ch7_100u19f3p Ch8_25u20f3p 

FBK SiPMs 1mm x 1mm 
Å Vbias = -31V 
Å peak signal amplitude for 1 
p.e. input = -146mV 
(measured ŀǘ ǘƘŜ ŎƘŀƴƴŜƭΩǎ 
analog test point) 
Å ά!./5έ ŎŀǊŘ Ǝŀƛƴ ǎŜǘǘƛƴƎ 
parameters: 

V Rgain = 150 ʍ 
V Cgain = 100pF 

Å Vbias = -32V 
Å peak signal amplitude for 1 
p.e. input = -24.4mV 
(measured ŀǘ ǘƘŜ ŎƘŀƴƴŜƭΩǎ 
analog test point) 
Å ά!./5έ ŎŀǊŘ Ǝŀƛƴ ǎŜǘǘƛƴƎ 
parameters: 

V Rgain = 330 ʍ 
V Cgain =   68pF 

Å Vbias = -32V 
Å peak signal amplitude for 1 
p.e. input = -11.9mV 
(measured ŀǘ ǘƘŜ ŎƘŀƴƴŜƭΩǎ 
analog test point) 
Å ά!./5έ ŎŀǊŘ Ǝŀƛƴ ǎŜǘǘƛƴƎ 
parameters: 

V Rgain = 330 ʍ 
V Cgain =   68pF 

bƻǘŜΥ ǘƘŜ ŀƳǇƭƛǘǳŘŜ ƻŦ ǘƘŜ ǎƛƎƴŀƭ ŀǘ ǘƘŜ ά!./5έ ŘƛǎŎǊƛƳƛƴŀǘƻǊǎ ƛǎ ŀōƻǳǘ мΦу ǘƛƳŜǎ ƭŀǊƎŜǊ ǘƘŀƴ ǘƘŀǘ ŀǘ ǘƘŜ ǘŜǎǘǇƻƛƴǘ 
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Measurements performed BEFORE irradiation to evaluate the single p.e. pulse height and determine the 
discriminator threshold 

Ch9_3m50u10h4p Ch10_3m50u19h4p Ch11_13m50u07h4p 
Hamamatsu MPPCs 3mm x 3mm 

Å Vbias = -72.5V 
Å peak signal amplitude for 1 
p.e. input = -100mV 
(measured ŀǘ ǘƘŜ ŎƘŀƴƴŜƭΩǎ 
analog test point) 
Å ά!./5έ ŎŀǊŘ Ǝŀƛƴ ǎŜǘǘƛƴƎ 
parameters: 

V Rgain = 150 ʍ 
V Cgain = 100pF 

Å Vbias = -72.5V 
Å peak signal amplitude for 1 
p.e. input = -6.9mV 
(measured ŀǘ ǘƘŜ ŎƘŀƴƴŜƭΩǎ 
analog test point) 
Å ά!./5έ ŎŀǊŘ Ǝŀƛƴ ǎŜǘǘƛƴƎ 
parameters: 

V Rgain = 330 ʍ 
V Cgain =   68pF 

Å Vbias = -71.2V 
Å peak signal amplitude for 1 
p.e. input = -12mV 
(measured ŀǘ ǘƘŜ ŎƘŀƴƴŜƭΩǎ 
analog test point) 
Å ά!./5έ ŎŀǊŘ Ǝŀƛƴ ǎŜǘǘƛƴƎ 
parameters: 

V Rgain = 330 ʍ 
V Cgain =   68pF 

bƻǘŜΥ ǘƘŜ ŀƳǇƭƛǘǳŘŜ ƻŦ ǘƘŜ ǎƛƎƴŀƭ ŀǘ ǘƘŜ ά!./5έ ŘƛǎŎǊƛƳƛƴŀǘƻǊǎ ƛǎ ŀōƻǳǘ мΦу ǘƛƳŜǎ ƭŀǊƎŜǊ ǘƘŀƴ ǘƘŀǘ ŀǘ ǘƘŜ ǘŜǎǘǇƻƛƴǘ 

Hamamatsu MPPCs 1.3mm x 1.3mm 
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Measurements performed BEFORE irradiation to evaluate the single p.e. pulse height and determine the 
discriminator threshold 

Ch12_1m35u34s5p Ch13_1m50u27s5p Ch14_3m35u32s5p 
SensL SiPM 1mm x 1mm 

Å Vbias = -29.5V 
Å peak signal amplitude for 1 
p.e. input = -60mV 
(measured ŀǘ ǘƘŜ ŎƘŀƴƴŜƭΩǎ 
analog test point) 
Å ά!./5έ ŎŀǊŘ Ǝŀƛƴ ǎŜǘǘƛƴƎ 
parameters: 

V Rgain = 150 ʍ 
V Cgain = 100pF 

Å Vbias = -29.5V 
Å peak signal amplitude for 1 
p.e. input = -10.3mV 
(measured ŀǘ ǘƘŜ ŎƘŀƴƴŜƭΩǎ 
analog test point) 
Å ά!./5έ ŎŀǊŘ Ǝŀƛƴ ǎŜǘǘƛƴƎ 
parameters: 

V Rgain = 330 ʍ 
V Cgain =   68pF 

Å Vbias = -29V 
Å peak signal amplitude for 1 
p.e. input = -14mV 
(measured ŀǘ ǘƘŜ ŎƘŀƴƴŜƭΩǎ 
analog test point) 
Å ά!./5έ ŎŀǊŘ Ǝŀƛƴ ǎŜǘǘƛƴƎ 
parameters: 

V Rgain = 330 ʍ 
V Cgain =   68pF 

bƻǘŜΥ ǘƘŜ ŀƳǇƭƛǘǳŘŜ ƻŦ ǘƘŜ ǎƛƎƴŀƭ ŀǘ ǘƘŜ ά!./5έ ŘƛǎŎǊƛƳƛƴŀǘƻǊǎ ƛǎ ŀōƻǳǘ мΦу ǘƛƳŜǎ ƭŀǊƎŜǊ ǘƘŀƴ ǘƘŀǘ ŀǘ ǘƘŜ ǘŜǎǘǇƻƛƴǘ 

SensL SiPM 3mm x 3mm 
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Measurements performed BEFORE irradiation to evaluate the single p.e. pulse height and determine the 
discriminator threshold 

Ch15_1m25u37f6p Ch16_3m50u21f6p Ch17_1m50u13f6p 
FBK SiPM 1mm x 1mm 

Å Vbias = -32.5V 
Å peak signal amplitude for 1 
p.e. input = -98mV 
(measured ŀǘ ǘƘŜ ŎƘŀƴƴŜƭΩǎ 
analog test point) 
Å ά!./5έ ŎŀǊŘ Ǝŀƛƴ ǎŜǘǘƛƴƎ 
parameters: 

V Rgain = 150 ʍ 
V Cgain = 100pF 

Å Vbias = -30V 
Å peak signal amplitude for 1 
p.e. input = -6.5mV 
(measured ŀǘ ǘƘŜ ŎƘŀƴƴŜƭΩǎ 
analog test point) 
Å ά!./5έ ŎŀǊŘ Ǝŀƛƴ ǎŜǘǘƛƴƎ 
parameters: 

V Rgain = 330 ʍ 
V Cgain =   68pF 

Å Vbias = -32V 
Å peak signal amplitude for 1 
p.e. input = -35mV 
(measured ŀǘ ǘƘŜ ŎƘŀƴƴŜƭΩǎ 
analog test point) 
Å ά!./5έ ŎŀǊŘ Ǝŀƛƴ ǎŜǘǘƛƴƎ 
parameters: 

V Rgain = 330 ʍ 
V Cgain =   68pF 

bƻǘŜΥ ǘƘŜ ŀƳǇƭƛǘǳŘŜ ƻŦ ǘƘŜ ǎƛƎƴŀƭ ŀǘ ǘƘŜ ά!./5έ ŘƛǎŎǊƛƳƛƴŀǘƻǊǎ ƛǎ ŀōƻǳǘ мΦу ǘƛƳŜǎ ƭŀǊƎŜǊ ǘƘŀƴ ǘƘŀǘ ŀǘ ǘƘŜ ǘŜǎǘǇƻƛƴǘ 

FBK SiPM 1mm x 1mm FBK SiPM 3mm x 3mm 
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Measurements performed BEFORE irradiation to evaluate the single p.e. pulse height and determine the 
discriminator threshold 

Ch18_3m50u17rh7p Ch19_3m100u16rh7p Ch20 

Å Vbias = -62V 
Å peak signal amplitude for 1 
p.e. input = -91.5mV 
(measured ŀǘ ǘƘŜ ŎƘŀƴƴŜƭΩǎ 
analog test point) 
Å ά!./5έ ŎŀǊŘ Ǝŀƛƴ ǎŜǘǘƛƴƎ 
parameters: 

V Rgain = 150 ʍ 
V Cgain = 100pF 

Å Vbias = -61V 
Å peak signal amplitude for 1 
p.e. input = -10mV 
(measured ŀǘ ǘƘŜ ŎƘŀƴƴŜƭΩǎ 
analog test point) 
Å ά!./5έ ŎŀǊŘ Ǝŀƛƴ ǎŜǘǘƛƴƎ 
parameters: 

V Rgain = 330 ʍ 
V Cgain =   68pF 

bƻǘŜΥ ǘƘŜ ŀƳǇƭƛǘǳŘŜ ƻŦ ǘƘŜ ǎƛƎƴŀƭ ŀǘ ǘƘŜ ά!./5έ ŘƛǎŎǊƛƳƛƴŀǘƻǊǎ ƛǎ ŀōƻǳǘ мΦу ǘƛƳŜǎ ƭŀǊƎŜǊ ǘƘŀƴ ǘƘŀǘ ŀǘ ǘƘŜ ǘŜǎǘǇƻƛƴǘ 

unused Hamamatsu άǊŀŘ ƘŀǊŘέ MPPCs 3mm x 3mm 
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Measurements performed BEFORE irradiation to evaluate the single p.e. pulse height and determine the 
discriminator threshold 

Ch21_1m50u39sf8p Ch22_1m50u40sf8p Ch23 

Å Vbias = -40V 
Å peak signal amplitude for 1 
p.e. input = +32mV 
(measured ŀǘ ǘƘŜ ŎƘŀƴƴŜƭΩǎ 
analog test point) 
Å ά!./5έ ŎŀǊŘ Ǝŀƛƴ ǎŜǘǘƛƴƎ 
parameters: 

V Rgain = 150 ʍ 
V Cgain = 100pF 

Å Vbias = -40V 
Å peak signal amplitude for 1 
p.e. input = + 7mV 
(measured ŀǘ ǘƘŜ ŎƘŀƴƴŜƭΩǎ 
analog test point) 
Å ά!./5έ ŎŀǊŘ Ǝŀƛƴ ǎŜǘǘƛƴƎ 
parameters: 

V Rgain = 330 ʍ 
V Cgain =   68pF 

bƻǘŜΥ ǘƘŜ ŀƳǇƭƛǘǳŘŜ ƻŦ ǘƘŜ ǎƛƎƴŀƭ ŀǘ ǘƘŜ ά!./5έ ŘƛǎŎǊƛƳƛƴŀǘƻǊǎ ƛǎ ŀōƻǳǘ мΦу ǘƛƳŜǎ ƭŀǊƎŜǊ ǘƘŀƴ ǘƘŀǘ ŀǘ ǘƘŜ ǘŜǎǘǇƻƛƴǘ 

unused FBK άǎǇŜŎƛŀƭέ SiPMs 1mm x 1mm 
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Measurements performed AFTER the full irradiation  

Ch0_50u04h1p Ch1_100u00h1p Ch2_25u06h1p 

Amplified SiPM signals picked up at the analog test point of the modified ABCD board ( R.M. July 20th 2012)  

Note: Roberto Malaguti used different trigger settings and waveform accumulation and display settings than I used 
for previous waveforms but also in this plots the last waveform accumulated is drawn in yellow and by looking at it 
one can have a better idea of the effects of radiation on the single photon sensing devices under test 

Note: Four devices were replaced with nominally equivalent ones at the beginning of the second week of irradiation 
SO THE FINAL WAVEFORMS AND THE INITAL WAVEFORMS FOR 4 CHANNELS DO NOT REFER TO EXACTLY THE 
SAME DEVICE BUT TO EQUIVALENT ONES. The channels to which the replaced devices were connected were: 

Channel   0 :  Hamamatsu MPPCs 1mm x 1mm, 50u pitch 
Channel   1 :  Hamamatsu MPPCs 1mm x 1mm, 100u pitch 
Channel   2  : Hamamatsu MPPCs 1mm x 1mm, 25u pitch 
Channel 10  : Hamamatsu MPPCs 3mm x 3mm, 50u pitch 

peak signal amplitude for 1 
p.e. input = -72mV 
(at the analog test point) 

peak signal amplitude for 1 
p.e. input = -9.5mV 
(at the analog test point) 

Hamamatsu MPPCs 1mm x 1mm 
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Amplified SiPM signals picked up at the analog test point of the modified ABCD board ( R.M. July 20th 2012)  

Measurements performed AFTER the full irradiation  

Ch3_50u26s2p Ch4_100u30s2p Ch5_20u29s2p 

SensL SiPMs 1mm x 1mm 
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Amplified SiPM signals picked up at the analog test point of the modified ABCD board ( R.M. July 20th 2012)  

Measurements performed AFTER the full irradiation  

Ch6_50u11f3p Ch7_100u19f3p Ch8_25u20f3p 

FBK SiPMs 1mm x 1mm 
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Amplified SiPM signals picked up at the analog test point of the modified ABCD board ( R.M. July 20th 2012)  

Measurements performed AFTER the full irradiation  

Ch9_3m50u10h4p Ch10_3m50u19h4p Ch11_13m50u07h4p 
Hamamatsu MPPCs 3mm x 3mm Hamamatsu MPPCs 1.3mm x 1.3mm 
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Amplified SiPM signals picked up at the analog test point of the modified ABCD board ( R.M. July 20th 2012)  

Measurements performed AFTER the full irradiation  

Ch12_1m35u34s5p Ch13_1m50u27s5p Ch14_3m35u32s5p 
SensL SiPM 1mm x 1mm SensL SiPM 3mm x 3mm 
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Amplified SiPM signals picked up at the analog test point of the modified ABCD board ( R.M. July 20th 2012)  

Measurements performed AFTER the full irradiation  

Ch15_1m25u37f6p Ch16_3m50u21f6p Ch17_1m50u13f6p 
FBK SiPM 1mm x 1mm FBK SiPM 1mm x 1mm FBK SiPM 3mm x 3mm 
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Amplified SiPM signals picked up at the analog test point of the modified ABCD board ( R.M. July 20th 2012)  

Measurements performed AFTER the full irradiation  

Ch18_3m50u17rh7p Ch19_3m100u16rh7p Ch20 
unused Hamamatsu άǊŀŘ ƘŀǊŘέ MPPCs 3mm x 3mm 
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Amplified SiPM signals picked up at the analog test point of the modified ABCD board ( R.M. July 20th 2012)  

Measurements performed AFTER the full irradiation  

Ch21_1m50u39sf8p Ch22_1m50u40sf8p Ch23 
unused FBK άǎǇŜŎƛŀƭέ SiPMs 1mm x 1mm 



Amplified {ƛta ǎƛƎƴŀƭǎ ǇƛŎƪŜŘ ǳǇ ŀǘ ǘƘŜ ŀƴŀƭƻƎ ǘŜǎǘ Ǉƻƛƴǘ ƻŦ ǘƘŜ ƳƻŘƛŦƛŜŘ ά!./5έ ōƻŀǊŘ ό D9[Lb!Σ Wǳƭȅ нлмнύ  
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Full size waveforms : BEFORE IRRADIATION 
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BEFORE: Ch0_50u04h1p  
back 
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BEFORE: Ch1_100u00h1p  
back 
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BEFORE: Ch2_25u06h1p  
back 
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BEFORE: Ch3_50u26s2p  
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BEFORE: Ch4_100u30s2p  
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Angelo Cotta Ramusino  INFN-Ferrara    Sept 2nd 2012 36 

BEFORE: Ch5_20u29s2p  
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BEFORE: Ch6_50u11f3p  
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BEFORE: Ch7_100u19f3p  
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BEFORE: Ch8_25u20f3p  
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BEFORE: Ch9_3m50u10h4p  
back 
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BEFORE: Ch10_3m50u19h4p  
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BEFORE: Ch11_13m50u07h4p  
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BEFORE: Ch12_1m35u34s5p  
back 
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BEFORE: Ch13_1m50u27s5p  
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BEFORE: Ch14_3m35u32s5p  
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BEFORE: Ch15_1m25u37f6p  
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BEFORE: Ch16_3m50u21f6p  
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BEFORE: Ch17_1m50u13f6p  
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BEFORE: Ch18_3m50u17rh7p  
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BEFORE: Ch19_3m100u16rh7p  
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BEFORE: Ch21_1m50u39sf8p  
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BEFORE: Ch22_1m50u40sf8p  
back 
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Full size waveforms : AFTER FULL IRRADIATION 
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AFTER: Ch0_50u04h1p; color enhancement of the last accumulated waveform 
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