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ArduSiPM (Aduino+SiPM)
Un rivelatore di raggi cosmici e radiazioni nucleari 

Utilizzo per divulgazione e didattica.



Control and readout 
Android App

Application Example 1: 
Intraoperative β- Detecting Probe

• Radioguided intraoperative beta probe, with 
scintillation material coupled with SiPM detector.

SiPM

Scintillator

ArduSiPM
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Application Example 2: 
Use of ArduSiPM in the CERN UA9 and CRYSBEAM activity

(substitute old Scintillator and electronics for PM) 

• This work has been supported by the  ERC Ideas Consolidator Grant 
• No.615089 “CRYSBEAM”.

- As beam trigger @ extracted beam line H8 (CERN) 
- As beam losses counter @ SPS 
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ArduSiPM è stato utilizzato per la dimostrazione della fattibilità del
Brevetto n.102015000040903 “Sonda intraoperatoria”,



Using Scintillation materials

The use of scintillation materials is not for everyone in 
the past.
The only way was to use photomultiplier.

The Photomultiplier (1934).
Based on Photoelectric effect (1921 Einstein Nobel) 
and electron secondary emission.
The Photomultiplier are expensive and need high 
voltage(1000 Volt).
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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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Is it possible to build a complete particle detector 
and data acquisition system using Arduino 
microcontroller and Arduino Language ?

Particle Detector

Scintillator Photons Sensor
(SiPM)

Custom Electronics
(ArduSiPM Shield)

Arduino DUE
ArduSiPM Software

ArduSiPM
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ArduSiPM Shield

• Shield for Arduino DUE : a custom designed piggy-back board with all the analog parts
• Same form factor of Arduino DUE
• The ArduSiPM Shield contains:

• Fast preamplifier
• Analog Output monitor
• Fast discriminator with threshold and pulse output width (both digitally programmable ).
• Trigger output 
• Peak hold circuit with programmable sample window.
• Digitally controlled voltage bias up to 90 Volt (8 bits precision for temperature compensation)  
• Monitor of: temperature,threshold ,HV Bias
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ArduSiPM Block Diagram
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Arduino Due

• Arduino is an open-source electronics platform based on  easy-to-use hardware and software.
• Arduino Due is the first Arduino board based on SoC (System on Chip) SAM 3X8E a 32-bit ARM core microcontroller.
• Main features available on Arduino Due to build up around an acquisition system are:

• 16 Channel Multiplexed Analog to Digital converter with 12 bit and 1 MHz sample rate
• Multiple Input output pins
• 9 fast Counter and pulse generator 
• 2 Digital to Analog converter with 12 bit resolution 
• Different serial interface like I2C,SPI,onewire, RS232, Ethernet MAC in SAM3X8 (not routed )
• An easy to use development software, with high level instruction for main program and interrupt

handling, with the possibility to use all the complex features of the SoC SAM3X8.
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How to build a Scintillation detector with SiPM(1/2)

Attaching a SiPM to the scintillator with the scotch

Package with cooking alluminium foil

Dr. Valerio Bocci
17 Maggio 2017



t1 t2 t3 t4

A1
A2

A3
A4

1 Sec Only rate:

$10

$50

$244

ADC+Rate:

v1Fv1Dv22v27v1Dv19v20v23v20v1Cv19v1F$12

v18v1Ev1Ev1Bv19v1Bv29v19v1Av1Dv1Bv1Dv2Av18v1B$15

v15v20v21v21v1Dv1Fv1Av1Av1A$9

v19v17v1Bv18v1Cv1Dv1D$7

TDC+ADC+RATE:

taedvataf0v7tv9v3$3

ArduSiPM measuraments

Valerio Bocci IEEE NSS/MIC 8-15 November Seattle 

Data Stream example:

Legend:

vXXX ADC Value in HEX MSB zero suppressed

tXXXXXXXX TDC value in HEX MSB zero suppressed

$XXX rate in Hz 

We split the measuraments in 1 second windows,

acquiring number of pulses, amplitude and time of each one.

Using a 200KBits/s serial stream

We can meausure and dump (depending from amplitude and distribution of pulses):

• Only the frequency up to 40 MHz

• ADC value up to 4-6  KHz

• ADC,TDC and rate 1 -2 KHz

Using the SAM3X8 built-in ethernet it is possible to increase data acquisition performance.



Trasferimento Tecnologico del progetto per la produzione (non in esclusiva)
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The ArduSiPM Data format is open…Users can write custom programs for data aquisition and visualization.

Example 1. ArduSiPM Acquisition Tool by Filippo Curti (Filippo.curti1@gmail.com)
(written in C#, fast running also with high rate, at the moment poor in documentation freeware) 
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Example 2. ArduSiPM Monitor by Ciro e Dario Chiaiese (cirochiaiese@gmail.com)
Written in VisualBasic (slow good for cosmic and low rate source) well documented. 
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Misura dei raggi cosmici su un aereo di linea
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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
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Precise time distribution methods  

Low cost GPS module (<30 Euro) 25 ns precision

GPS time (from Global Position 
Systems satellite) 

Network Time Protocol  
(from internet)

Low cost wi-fi internet processor precision <10 ms
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Search of cosmic Airshower in a wide area using 
ArduSiPM

The advent of microcontrollers with 

enough CPU power and with analog and 

digital peripherals give the possibility to 

design a complete acquisition system in 

one chip. The existence of an world wide 

data infrastructure as internet allows to 

think at distributed network of detectors 

capable to elaborate and send data or 

respond to settings commands.

The internet infrastructure allow us to do 

things unthinkable a few years ago, like to 

distribute the absolute time with tens of 

milliseconds precision to simple devices 

far apart from a few meters to thousands 

of kilometers and to create a 

Crowdsourcing experiment platform using 

simple detectors.

Multiple ArduSiPM can be used for 

the research  extended AirShower
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https://www.facebook.com/groups/ardusipm/

@ardusipm

@ArduinoSiPM

ArduSiPM Social Media

https://groups.google.com/forum/#!forum/ardusipm

http://www.roma1.infn.it/conference/ArduSiPM/



Attività di didattiche all’interno dell’INFN:
• Laboratorio didattico per insegnanti nell’ambito degli

Incontri di Fisica IDF (LNF)
• Laboratorio didattico per studenti dell’ INternational

School on modern PhYsics and Research (LNF)

Riconoscimenti ed inviti

• Tra i 110 migliori progetti del Maker Faire 2015 (primo tra gli scientifici)
• Invito Makers Town di Bruxelles (tra I migliori 50 progetti Makers in europa) (2016)
• Invito al EU-Institutional Maker Faire at European Parliament (tra I migliori 10 

progetti in europa) (2016)

Attività più importanti



Diverse scuole hanno iniziato ad usarlo con risultati anche eccelsi :
• vincitori CERN Beam Line for school 2017 (Liceo Onesti Fermo (FM) ),
• Articolo su rivista Associazione Insegnanti Fisica “La Fisica nella Scuola” (Liceo Scientifico Cariati (CS) )
• Sperimentazione didattica (20 classi tra elementari e medie ,oltre 500 alunni) 

(Istituto Comprensivo Largo Cocconi Roma)

Le scuole di loro iniziativa e atonomamente hanno utilizzato ArduSiPM in eventi di divulgazione scientifica

• International Cosmic Ray (Liceo Scientifico Casiraghi (MI))
• A caccia di raggi cosmici sul grattacielo Pirelli (Liceo Scientifico Casiraghi Casiraghi (MI) )
• Stand al Global Junior Challenge (Liceo Scientifico Manicini Avellino)
• Utrecht Science Festival. (Amadeus Lyceum di Utrecht )

Seminari in cui si è parlato di ArduSiPM:
• 3rd Hamamatsu Photonics "Technology Days 2016 (Prof. Massimo Caccia)

Il progetto grazie all’idea di utilizzare il canale del trasferimento tecnologico (10 % Royalty INFN 
o sconto 15 % per acquisto INFN) ha diffuso il rivelatore a costo zero.



Quale futuro per ArduSiPM ?

• ArduSiPM è una novità nel panorama mondiale (2014), ma anche altri si stanno attrezzando con dispositivi simili.
Esempi: Progetto MIT uscito su Symmetry magazine (2016)   che ci onora citandoci ma che sempre pù assomiglia

ad ArduSiPM , 
Cosmic PI al CERN(2016) prodotto e regalato dal CERN in occasioni specifiche.

• Il mercato italiano è limitato per pensare a grandi produzioni che diminuirebbero sensibilmente il costo del Kit.

• Trovare altri laboratori esteri che lo utilizzino o partecipino a progetti di ricerca comuni per nuove versioni
possibili (Contatti con SUPSI per una versione spazializzata).

• Realizzazione di laboratori didattici in vari paesi (Ottimo anche per i paesi in via di sviluppo).

• Creazione di una rete di sedi INFN in grado di dare il supporto tecnico /scientifico ma anche di pensare nuovi
esperimenti ed applicazioni ( contatti con INFN Pavia, Roma 2, Lecce, Milano, LNF, Roma 3, Milano Bicocca).

• Consolidare o trovare nuovi patner industriali disposti non solo a produrre ma anche ad investire e rischiare
risorse su scala globale.

• Necessità di internazionalizzazione e divulgazione della sua esistenza
(presentazione a conferenze scientifiche ma anche a conferenze internazionali di insegnanti)



Backup Slides





The ArduSiPM in the World



How to build a Scintillation detector with 
SiPM(2/2)

Using a black tape to avoid extenal ligth.
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Lee De Forest Audion

tube from 1908, the first 

triode. its ability to 
amplify was recognized 
around 1912.

First Electronic particle detector 1919
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The Geiger-Muller: A ‘900 detector.

The discovery of atomic nuclei. Rutherford Hans Geiger and 
Ernest Marsden

• Robust Technology 100 years old
• Economical 
• Easy to find
• There are some Makers project
• The detector is preassembled from the factory

• High voltage discharge (need robust electronics)
• Low efficiency.
• Yes or No detector 
• Fragile.
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t1 t2 t3 t4

A1
A2

A3
A4

1 Sec Only rate:

$10

$50

$244

ADC+Rate:

v1Fv1Dv22v27v1Dv19v20v23v20v1Cv19v1F$12

v18v1Ev1Ev1Bv19v1Bv29v19v1Av1Dv1Bv1Dv2Av18v1B$15

v15v20v21v21v1Dv1Fv1Av1Av1A$9

v19v17v1Bv18v1Cv1Dv1D$7

TDC+ADC+RATE:

taedvataf0v7tv9v3$3

ArduSiPM measuraments
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Data Stream example:

Legend:

vXXX ADC Value in HEX MSB zero suppressed

tXXXXXXXX TDC value in HEX MSB zero suppressed

$XXX rate in Hz 

We split the measuraments in 1 second windows,

acquiring number of pulses, amplitude and time of each one.

Using a 200KBits/s serial stream

We can meausure and dump (depending from amplitude and distribution of pulses):

• Only the frequency up to 40 MHz

• ADC value up to 4-6  KHz

• ADC,TDC and rate 1 -2 KHz

Using the SAM3X8 built-in ethernet it is possible to increase data acquisition performance.



What time is it ?

GPS=TAI+19 secUTC(2017)=TAI+37 sec

UTC (1980)=GPS Time

UTC (1958)=TAI  Time
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Graph showing the difference 

between UT1 and UTC. Vertical 

segments correspond to leap 

seconds.

Leap Second
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t1 t2 t3 t4

1 Sec

Synchronization with ArduSiPM 

PPS    1 Sec (from GPS or NTP)
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Nuove idee di utilizzo diArduSiPM



Pronti per  raccogliere nuove idee e progetti…



Is it possible to use ArduSIPM in Time domain Astrophysics ?
Photons counting capability with timing resolution in the order of hundreds of nanoseconds

Valerio Bocci GAD 2017



Optical pulsar Real time photon detection
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SiPM

ArduSIPM

Optical Pulsar
Crab Pulsar 

(CM Tauri, PSR B0531+21) 
M17

Raw design of ArduSiPM as fast photometer

ArduSIPM
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