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ArduSiPM
In 2014 we realize and publish a new kind of detector using the new generation of  

SiPM and  System on Chip (SoC)

Particle Detector

Scintillator Photons Sensor
(SiPM)

Custom Electronics
(ArduSiPM Shield)

Arduino DUE
ArduSiPM Software

ArduSiPM

Main Feature SAM3X8E SoC

V. Bocci, G. Chiodi, F. Iacoangeli, M. Nuccetelli and L. Recchia, "The ArduSiPM a compact 
trasportable Software/Hardware Data Acquisition system for SiPM detector," 2014 IEEE 
Nuclear Science Symposium and Medical Imaging Conference (NSS/MIC), 2014, pp. 1-5, 
doi: 10.1109/NSSMIC.2014.7431252.



SiPM 
(Silicon Photo 
Multiplier)

• The idea behind this device is the detection of single photon events in
sequentially connected SiAPDs. 

• The dimension of each single APD can vary from 20 to 100 
micrometres, and their density can be up to 1000 per square millimeter. 

• Every APD in SiPM operates in Geiger-mode and is coupled with the 
others by a polysilicon quenching resistor.

• Although the device works in digital/switching mode, the SiPM is 
an analog device because all the microcells are read in parallel making it 
possible to generate signals within a dynamic range from a 
single photon to 1000 photons for just a single square millimeter area 
device. 

• The supply voltage (Vb) depends on APD technology used, and
typically varies between 20 V and 100 V, thus being from 15 to 75 times 
lower than the voltage required for a traditional photomultiplier 
tubes (PMTs) operation.
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The Trench structure
to decouple pixel

Improvements of SiPM technology  from 2010-2015



We use in Wide Range of Functions
– Time Measurement (TDC)
– Event Counting
– Pulse Generation
– Delay Timing
- Synchronization with an 
external signal

Analog Blocks
9 x 32 bits Digital Counters 

upto 42 MHz (24 ns)

2 x 12 bit 1MSample DAC

12 bit 1MSample ADC

We use as:
• Pulse Peak Measuraments
• HV monitoring
• Threshold monitoring

Digital Blocks

The SoC : Microchip SAM3X8E
Atmel now Microchip Technology

84 MHz 32 bits RISCH ARM® Cortex®-M3 Core

We use as:
• Threshold settings



ArduSiPM Block Diagram
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$50
$244

ADC+Rate:
v1Fv1Dv22v27v1Dv19v20v23v20v1Cv19v1F$12
v18v1Ev1Ev1Bv19v1Bv29v19v1Av1Dv1Bv1Dv2Av18v1B$15
v15v20v21v21v1Dv1Fv1Av1Av1A$9
v19v17v1Bv18v1Cv1Dv1D$7

TDC+ADC+RATE:
taedvataf0v7tv9v3$3

ArduSiPM measuraments
Data Stream example:

Legend:
vXXX ADC Value in HEX MSB zero suppressed
tXXXXXXXX TDC value in HEX MSB zero suppressed
$XXX rate in Hz 

Using Hardware resources (ADC,DAC,Counters)
• Number of pulses in a time window 
• Amplitude of each pulse
• Time in numbers of CPU clocks 

Acquisition Window

Nclk1 Nclk2 Nclk3 Nclk4



1 2 n-1 n

A continuous acquisition is formed by n acquisition windows

Any acquisition window can be synchronized and calibrated with an external time reference like:

<5.0E-11A chip scale atomic clock (CSAC) is a compact, 
low-power atomic clock fabricated using 
techniques of microelectromechanical 
systems (MEMS) and incorporating a low-power 
semiconductor laser as the light source.

Sync between 
two or 
more devices

Master detector

Slave detector

GPS	disciplined	oscillator

0.05 ppb

https://en.wikipedia.org/wiki/Microelectromechanical_systems


ArduSiPM



Dissemination in fields other than those of high energy physics
example : analytical chemistry using chemiluminescence and bioluminescence

IF:6.986



Time-domain	astronomy



The Cosmo ArduSiPM
ArduSIPM  analog + SAM3X8E --> ArduSIPM analog  + SAMV71  

• 32-bit ARM® Cortex®-M7 
RISC (5.04 CoreMark/MHz)

• floating point unit (FPU)
• maximum speed of 300 MHz,
• 2048 Kbytes of Flash, 
• dual 16Kbyte cache memory, 

up to 384 Kbytes of SRAM 



2x

Weigh 42 Grams

Cosmo ArduSiPM 
a double channel PC104 Board (0.1 U) 



The ArduSiPM architecture can  scale with SoC Growth

SAM3X8E
• 32-bit ARM ® Cortex®-M3 RISC
• 84 MHZ
• 12 bits 1 Msamples/s  ADC
• SRAM 64 + 32 Kbytes
• Flash 2 x 256 Kbytes

SAMV71
• 32-bit ARM® Cortex®-M7 RISC 
• 300 MHZ
• 12 bits 2 Msamples/s  ADC
• Multi port SRAM 384 Kbytes
• Flash 2048 Kbytes
• Cache 16/16 Kbytes
• Two Analog Front-End Controllers 

(AFEC),  allowing dual sample-and-
hold at up to 1.7 Msps. Offset and 
gain error correction feature.

• Better time resolution.
• More data processing capability
• More firmware ad hoc solution
Example More memory –> RT histogram 



MICRO 
(coMpact-electronIcs soC paRticle-detectors and  biOluminesceNce)

INFN National Scientific Committee 5 (CSN5) experiment

INFN Roma: Valerio Bocci (National manager),Giacomo Chiodi,Francesco Iacoangeli , Luigi Recchia, 
INFN Roma2: Davide Badoni (Local Manager) , Marco Casolino, Matteo Salvato, Mattia Scagliotti

Scintillator or Cherenkov
radiator

~3-100 photons in few ns

~105-106photons/s

Bio(luminoscence) flux measurements 

MICRO device

Development of All-In-One detectors (detectors, electronics, daq), using latest generation commercial 
integrated circuit systems (SoC), for particle detection or measurement of bio (luminescence) fluxes.



Optical test bench



T123199371T123199371

123199371-123184371=15000 CLK

TDC_CLK=CPU_CLK/2=150 MHz -> 6.6 ns

100 us

Time Measuraments between Pulses 



Peak Hold Circuits



ADC internal offset compensation



Cosmo ArduSiPM :
SiPM Automatic Characterization

Count vs Threshold

1 Phe

2 Phe

3 Phe

4 Phe



Next STEP picosatellite

Scintillator

Nano ArduSiPM Picosatellite OBC
On Board Computer GPS Module

Magnetorquer Module

Camera  Module

Earth TX/RX  Module

Photons sensibility to
Visible or  IR



Conclusion

• The new MCU SoC chip have intersting CPU power and  integrate many Peripheral.

• The presence of Counters ,ADC and DAC as internal peripheral strongly reduce the need for external components.
• The Counters speed increase with CPU Clock and can be used for 

TDC measuraments (absolute Time,Time over threshold)

• With an appropriate FIRMWARE we create Light All-in-one  detector 
(sensor,FE electronics, Trigger, ADC,TDC, Scaler,DAQ elaboration)  

• The performance grow of SoC MCU is faster than ASIC development

• New generation of MPU Soc can integrate multiple function a single chip (radiation detector,satellite controls)



Spare slides



ArduSiPM Monitoring Tablet app

Intraoperative β- Detecting Probe

Valerio Bocci IEEE NSS/MIC 8-15 November Seattle 

Radioguided surgery beta probe,
With para-Therphenil scintillator 
coupled with SiPM detector.

Para-Therphenil Light Yeld 30 000 photons/MeV
Trasparent to gamma due to low density of para-Therphenil

SiPM

Scintillator



Valerio Bocci IEEE NSS/MIC 8-15 November Seattle 

Use of ArduSiPM in the CERN UA9 Beam
(substitute old Scintillator and electronics for PM) 



Plastic Scintillator BC408

SiPM

ArduSiPM

180 Gev p Beam
Beam Pipe

CERN UA9 Beam monitor

Trigger Rate monitor:

Valerio Bocci IEEE NSS/MIC 8-15 November Seattle 





Valerio Bocci IEEE NSS/MIC 8-15 November Seattle 



A School made Cherenkov light detector
(Winner of CERN “A beamline for schools”2017)

LICEO SCIENTIFICO STATALE T. C. ONESTI  (prof Maria Rita Felici)

SiPM

Wqter Box

ArduSiPM

Cherenkov 
Light Particle Beam

Dr. Valerio Bocci INFN Roma 2019
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Ultima simulazione
Prima del lancio

Traiettoria
reale

EOS Space project 30 Giugno 2018
ITI A. Russo Nicotera, AB Project, INFN Sezione di Roma 

Dr. Valerio Bocci INFN Roma 2019



Lancio Mocris 2019













ArduSiPM Mesasuraments in water






