
The Evolution of ArduSiPM technology : 
A Compact, Versatile, and Cost-effective Detector Platform for 

Radiation and  Photon Flux Measurements

Valerio Bocci INFN Roma  Vancouver 2023 NSS-MIC-RTSD

2014

2021

2023

2026

Valerio Bocci
(INFN Roma Sapienza )

V.Bocci(1), B. Ali(3)(5), D. Badoni(2),M. 
Casolino(2), G. Chiodi(1), F. Iacoangeli(1), D. 
Kubler(3) , L. Marcelli(2), G. Rebustini(2)(4), E. 

Reali(4), L. Recchia(1), M. Salvato(4)

(1)INFN Roma Sapienza
(2)INFN Roma2 Tor Vergata

(3)Microchip Technology
(4)Tor Vergata University
(5)Sapienza University



ArduSiPM Technology
In electronics, finding technologies with decade-long growth potential is like seeking a beacon in the dark. With ever-present 
obsolescence risks, when a path shows promise, why not pursue it determinedly?

2012-2014 IEEE NSS/MIC Seattle
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Block diagram of the ArduSiPM technology
The guiding principle is that all non-strictly analog functions, such as ADC, DAC, counters, and edge computing data 

transmission, are entrusted to the SOC.
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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 analog

offset compensation

• 12 bits DAC with 0 offset.
• 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 memory –> RT histogram 

2014

2019
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SAM3X8E
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SAMV71
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Cosmo ArduSiPM (GEN2) 
Cubesat LEO or MEO 
orbit

Euso SPB2 33 Km 
Ballon

▪ 0.1  CubeSat Unit occupancy
▪ 2 channels
▪ Weigh 42 grams
▪ Low Power consumption <1Wh
▪ Rad-tolerant version of MCU 

availability on market

9.6 cm

ArduSIPM analog  + SAMV71  
INFN-Microchip Technology
Collaboration Agreement ref. TTD 19RM1 020
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Photons spectra
Cosmo ArduSiPM vs 12 bits Le Croy Scope

Threshold Scan Plot 

Some measuraments with GEN2 (Cosmo ArduSiPM)
(see also Poster Session N-01-173)
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The GEN2 can measure time with a 
precision of 6.6 ns. Furthermore, it 
can be synchronized with a 
universal reference, such as the 
PPS output from a GPS system or 
an atomic clock.

Pulsed light (centered about 10 Phe)

Dark noise + pulsed light >2 phe

1 Phe

2 Phe

3 Phe

Lin scale Log scale

1 2
3

4

6

Threshold scan 
and its 

derivative 
(comparable 

to ADC spectra).

Credits to the graduating students, Simone Mariottini and Lorenza Masi

5

7

ADC spectra the integral show to 
be equivalent to the scan plot



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
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Nano ArduSiPM  Gen3 (2023)

TFBGA (Thin Fine-Pitch Ball 
Grid Array)

50 mm

9 mm

22 mm
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1 channel
ArduSiPM (TT 2014)

1 channel
Half Cosmo 

ArduSiPM (2021)

1 channel
Nano ArduSiPM 

(2023)

2 plane x 55  cm2

100g/ch

50 cm2

21 g/ch

25 cm2

10 g/ch

GEN1

GEN2

GEN3

GEN4

50 mm x 50 mm

100 mm x 50 mm

2 x 100 mm x 50 mm

2 channel
LITE SPLD (2026)

2 cm2/ch
3 g/ch

ArduSiPM Technology Evolution
(Strong Performance Boost and Remarkable Density Enhancements with Lighter Channel Weight)

20  mm x 20 mm

6.6 ns TDC time resolution
2 MHz ADC
Minimum adjustable digital threshold 
0.1 photons

23 ns TDC time resolution
1 MHz ADC
Minimum adjustable digital threshold 3 photons

Reduction in Size and Weight 
of the Individual Channel"
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The detectors obtained are compact and lightweight and can be used in various fields.
Application have been identified, leaving the use open within the HEP community

We've developed photon flux 
measurements for bioluminescence, 
leading to portable instruments for 
fieldwork in collaboration with 
Analytical Chemistry Department at the 
University of Bologna and CNR IMM.

Scintillation particle detector Application in 
cubesats or picosatellites. LEO orbit. Monitoring 
of radiation in picosatellites and in 
constellations of picosatellites (Space Weather).

In particle physics, these devices are perfect for triggering in test beams. They can excel in 
experiments with distributed detector systems. In our all-in-one detector, SiPMs connect directly 
to the electronics, eliminating the need for long analog cables. In this scenario, multichannel 
chips don't offer an apparent advantage over our digital-only wiring setup.
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Mocris particle detector Instrumentation







Testing of the electronics and communication 
system using stratospheric Light Balloon 

(Total weight < 4 Kg) On-field experience 
in synergy with schools in  

OCRA INFN (Outreach Cosmic ray Activity)
https://sites.google.com/view/particle-

detectors/loom-platform
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Employing stratospheric balloons to conduct altitude-based detector tests 
and to evaluate LoRa transmitters for data transmission from LEO orbit to 
Earth.



The Upcoming 4th Generation:
LITE-SPLD Project

(Lightweight Integrated Technology for Space 
Luminescence and Particle Detection)
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LITE-SPLD Project:The Chip
(under CSN5 INFN)

The idea is to start from an already developed 'Front-End for MPPC' chip 
project devolped in INFN Tor Vergata, which includes all the GEN2 analog 
features and is optimized in terms of size and number of channels. The 
initial chip was intended for TOF applications and will need to be modified 
(significantly), while still maintaining the chosen technology for economic 
convenience and design familiarity.

Front-End chip for MPPC in standard 0.35 um CMOS technology:
Low input impedance to reduce the reset time as much as possible
All signals and thresholds are processed in the current domain using fast 
current comparators and a modified version of the second generation 
Current Conveyors (CCII) based on current mirror as building blocks for the 
amplifiers.

One of the notable innovations introduced by this chip is the inclusion of a 
segmented Time-to-Digital Converter (TDC). This advanced TDC design is 
segmented, meaning it is divided into smaller sections, each capable of 
performing time-to-digital conversions independently. This segmentation 
enables the chip to achieve a temporal resolution that is significantly finer 
than the duration of a single clock cycle used by the system. Essentially, it 
can precisely measure time intervals that are a fraction of the clock period, 
leading to enhanced timing accuracy in digital signals.
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• Introduced in 2015 by INFN's tech transfer, the first version of ArduSiPM is still purchasable online 
through an INFN non-exclusive license from RobotDomestici and CShark. Popular in labs and 
among global students, it's won numerous awards, especially in outreach and with makers.

• Thanks to the rapid advancement and adoption of MCU SOC technology in sectors like IoT, 
automotive, and space, ArduSiPM has experienced significant development and growth.

• Since the first ArduSiPM was introduced at NSS MIC in Seattle 2014, we have developed two 
additional generations: “Cosmo ArduSiPM GEN2 ” and “Nano ArduSiPM GEN3”.

• We will soon have third-generation nano ArduSiPM prototypes.In the near future, we plan to send 
the Gen2/Gen3 versions into space on board of Cubesat e Picosatellite.

• The Second and Third generation, continuously updated in firmware, will be available to select 
users and experiments through scientific collaboration for particle detection, luminescence, and 
other potential applications.

• A Fourth generation is in the works, featuring 2 channels in 10 Euro Cent size. This can also be 
utilized in HEP experiments due to its minimal occupancy per channel and the lack of necessity to 
transmit analog signals over long distances.

Conclusions on the ArduSiPM Technology
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