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Measurement and data elaboration before 
1963

ALL-IN-ONE
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IBM 7700 Data acquistion System(DAS) 
Dicember 1963

• The IBM 18-bit system, 
• instructions 2x 18-bit words. 
• Arithmetic instructions two or three machine cycles, 
• Multiply, 8 cycles, and divide, 12 cycles.
• machine cycle 2 microseconds  ½ MHz 

( 0.0005 GHz)
• two machines known to have been built had 16,384, 

32,768 or 49,152 words.
• 25 KHz ADC
• Two IBM 7700 are known to have existed: one at 

the University of Rochester[2][3] and the other at Stanford 
University.[4][5] Both were donated by IBM.

IBM
7700

32 
Analog/Digital 

Sources
16 Printer
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IBM 1800

Typical 1800 systems designed for 
process control applications could be 
rented for $2,300 to $6,600 a month or 
purchased for between $95,000 and 
$274,000. When used in a data acquisition 
environment, the monthly rental ranged 
between $2,770 and $11,100, including 
magnetic tapes, and the purchase price 
varied between $125,000 and $534,000.

The IBM 1800 Data Acquisition and Control System (DACS) was 
a process control variant of the IBM 1130 with two extra instructions (CMP 
and DCM), extra I/O capabilities, 'selector channel like' cycle-stealing 
capability and three hardware index registers.[1]
IBM announced and introduced the 1800 Data Acquisition and Control 
System on November 30, 1964, describing it as "a computer that can 
monitor an assembly line, control a steel-making process or analyze the 
precise status of a missile during test firing."
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La programma 101 (P101) Olivetti Italia
the first desktop computer (1965)

Pier Giorgio Perotto, 
Giovanni De Sandre, Gastone Garziera

• 35 KG
• 120 instructions
• Memory card
• Memory 120 Byte  

NASA bought at least 10 
Programma 101s and used them 
for the calculations for the 1969 
Apollo 11 moon landing.
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The real first microprocessor ?  F14 Tomcat Microprocessor Chip set 
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The birth of microprocessors 1971

Zilog
Z80
1974

Federico Faggin
1972

The 4004 was built
for the 

Busicom 141-PF 
Desk Calculator

Federico Faggin started Zilog in 1974 .
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Microprocessor as building block of modern computer
1975 Homebrew Computer Club

Hombrew computer club
meeting

Stanford Linear ACCelerator (SLAC)
Auditorium

Steve Jobs and Steve Wozniak
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1975 Not only Hardware but also software
The first BASIC language for microprocessor.

Altair Basic 
The first Microsoft product

Bill Gates and Paul Allen Valerio Bocci TDAQ Napoli 9-12 Ottobre 2023



TMS 1000 (1974)
Texas Instrument 4-bit TMS 1000, was the first 
microprocessor to include enough RAM, and space 
for a program ROM, and I/O support on a single chip 
to allow it to operate without multiple external support 
chips, making it the first microcontroller.

Microcontrollers (MCU) 
System on Chip (SoC) Memory and 

peripheral in the same chip.
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LHCb Muon Detector Control System  
ELMB the Arduino of HEP (ATMega128 MCU)

Muon Chambers

156 x  Service Board (SB)

CERN LHC

LHCb

Complex Software
only for real expert.
C programming.
Automotive CANBus in 
radiation environment.

Henk
Boterenbrood

Nikhef

Björn
Hallgren
CERN
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The Arduino revolution (2005)

The world of microcontrollers for anybody. 
Simple programming language to program MCU.

Hardware: Microcontrollers boards Software :Arduino Language
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Similarities with the beginning of the 
personal computer era 

The world of microcontrollers for anybody. Simple programming language to program MCU.

Arduino
Language

MCUCPU

Basic
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The MCU as building block 
for Internet of Things

Sensors/Actuators Microcontroller Internet Connection
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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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Da ArduSiPM GEN1  a LITE SPLD (CSN5)
(Progetto Incrementale con fondamenta solide)

Nel vasto mondo dell'elettronica, individuare tecnologie con potenziale di sviluppo incrementale decennale è come cercare un 
faro nella notte, una sfida ardua dove il rischio di smarrirsi nei binari dell'obsolescenza è sempre in agguato. Quando un percorso 
ha dimostrato proficuità e offre opportunità di crescita ulteriore, perché non continuare a percorrerlo con determinazione?

2012-2014 IEEE NSS/MIC Seattle
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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 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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Animma 2015

Plastic BC408:
density 1
Yeld 10 000 ph/MeV

Lyso 
density 7
Yeld 30 000 ph/MeV

Encapsulated  NaI 
Density 3.7
Yeld 40 000 ph/MeV

BGO 
density 7
Yeld 10 000 ph/MeV

Readily Available Scintillators
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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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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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The first ArduSiPM detector

- SoC: SAM3X8E ARM Cortex-M3 on 
ArduinoDue Board

- Compatible with Arduino Shield 
- On the market as technological transfer of 

INFN



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

IF:6.986
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ArduSiPM tecnology block diagram
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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
• 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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Firmware development adapted SAMV71 EVB 

Unfortunately, for the chip shortage problem of 
having only a Cosmo ArduSiPM board, we tried to 
emulate analog connections and signals on the 
SAMV71 evaluation board.
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Some peak hold chip  comes with a strange  tens of  mV offset

Passive Offset
Compensation

Network

We have reported the issue to the manufacturing company.
Solution 1) component preselection 2) offset compensation 
network
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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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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)

2x 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

Evoluzione Tecnologia
ArduSiPM

20  mm x 20 mm

Decremento della dimensione e peso
Del singolo canale
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I rivelatori ottenuti sono compatti e leggeri possono essere utilizzati in vari campi 
in MICRO individuati due tipologie principali di applicazioni lasciando aperto l’utilizzo all’interno della comunità HEP.

Rivelatore di flussi di fotoni
Bioluminoscenza per strumentazione 
portatile da usare nel campo
(user : Chimica Analitica Univ. Bologna,
CNR IMM)

Rivelatore di particelle a scintillazione
Applicazione in cubesat o picosatellite.
Orbita LEO.
Monitoraggio delle radiazioni in picosatellite 
e in costellazioni di picosatelliti (Space Weather) 

Fisica delle particelle: Dispositivi portatili per trigger.
Tutti i casi dove si ha un rivelatore distribuito in cui i SiPM  sono accessibili con cavi e non si trae 
vantaggio nell’utilizzo di chip multicanali. 

Valerio Bocci INFN Roma1 EyeRAD Kickoff meeting



Test dell’elettronica e del sistema di comunicazione tramite palloni stratosferici 
Light

Esperienza sul campo in sinergia
con scuole e OCRA C3M
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Timing Measuraments

Maximum CosmoArduSiPM time resolution:
TDC_CLK= CPU_CLK/2 = 150 MHz � 6.6 ns

TTL_out jitter ~ 600ps 
worse than oscilloscope but better than 

internal TDC resolution 
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Maximum CosmoArduSiPM time resolution:
TDC_CLK= CPU_CLK/2 = 150 MHz  6.6 ns

Misure di tempo sincronizzabili con sistema GPS
Istogramma Spettro di fotoni

visti dall’ADC vs Scope Le 
Croy

Threshold Scan Plot 

Performance dei rivelatori di GEN2 
(Cosmo ArduSiPM)
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