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In 2013-2014 our question was ?
Is it possible to build a complete particle detector and data acquisition 

system using SAM3X8E Arduino microcontroller?
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Scintillator Photons Sensor
(SiPM)

Custom Electronics
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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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First ArduSiPM
Prototype
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Arduino Due (2013)

• 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 L)
• 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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• Arduino Due: a microcontroller board based on the 84 MHz Atmel 
SAM3X8E ARM Cortex-M3 CPU open software and open 
hardware.

• A custom piggy-back board called ArduSiPM Shield to interface 
Arduino Due with SiPM.

• A Wi-Fi module with an embedded a high  performance 360 MHz 
MIPS24KEc CPU core, for TCP/IP serial communication

• Client software for PC or Tablet app

ArduSiPM is a system to control and 
acquire a SiPM (Silicon Photo Multiplier)  

its main components are :
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ArduSiPM Block Diagram
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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
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 tens of  MHz
• ADC value up to 4-6  KHz
• ADC,TDC and rate 1 -2 KHz

Using the SAM3X8 built-in USB2.0  it is possible to increase the throughput.
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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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Plastic Scintillator BC408

SiPM

ArduSiPM

180 Gev p Beam
Beam Pipe

CERN UA9 Beam monitor

Trigger Rate monitor:
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Misura dei raggi cosmici su un aereo di linea
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EOS Space project 30 Giugno 2018
ITI A. Russo Nicotera, AB Project, INFN Sezione di Roma 
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Ultima simulazione
Prima del lancio

Traiettoria
reale
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Lancio Mocris 2019
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https://sites.google.com/view/particle-detectors/home/
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Is ArduSiPM /SLICE style detectors 
usable for space ?

• Minimum number of components (high MTBF)
• Compact (few cm3)
• Light detector <200 gr all inclusive (scintillator electronics DAQ)
• Low power (< 1 Watt full operational)
• The design is upgradable for new generation of microcontrollers
• The firmware can be adapted to different situation
• Can be used with different Scintillator (neutrons,gamma,protons,electrons)
• Small instruments monitor of radiation inside satellite
• Cubesat
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