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Measurement and data elaboration before
1963
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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 2 MHz
(0.0005 GHz)

* two machines known to have been built had 16,384,
32,768 or 49,152 words.

« 25KHz ADC

* Two IBM 7700 are known to have existed: one at
the University of Rochester?3] and the other at Stanford
University.4I51 Both were donated by IBM.
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https://en.wikipedia.org/wiki/University_of_Rochester
https://en.wikipedia.org/wiki/IBM_7700_Data_Acquisition_System
https://en.wikipedia.org/wiki/IBM_7700_Data_Acquisition_System
https://en.wikipedia.org/wiki/Stanford_University
https://en.wikipedia.org/wiki/Stanford_University
https://en.wikipedia.org/wiki/IBM_7700_Data_Acquisition_System
https://en.wikipedia.org/wiki/IBM_7700_Data_Acquisition_System

IBM 1800

Use [edit]

The IBM 1800 systems were used mainly in the process industry plants worldwide.*!

In June 2010 the last four operating IBM 1800s operating at Pickering Nuclear Generating Station in Pickering,
Ontario, Canada were removed from service. Pickering is still using four ES-1800 computers which are IBM 1800
hardware emulators built by Cable & Computer Technologies.®! A video showing the end of the Pickering IBM
1800 boot sequence is available on YouTube [©!

Until 1984, Exxon USA (EUSA) had 18 IBM 1800 systems deployed at all 5 of its refineries. They were replaced
with Honeywell TDC3000 process control systems.

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.!

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."

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.
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La programma 101 (P101) Olivetti Italia

NASA bought at least 10
Programma 101s and used them
for the calculations for the 1969
Apollo 11 moon landing.

120 instructions
Memory card
Memory 120 Byte

Pier Giorgio Perotto,
Giovanni De Sandre, Gastone Garziera
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The real first microprocessor ? F14 Tomcat Microprocessor Chip set

F-14 “Tomcat”
Microprocessor Chip Set

Ray Holt

INTRODUCTION
This paper describes the architecture of the CPU and Memory - G
for the Central Alr Data Computer (CADC) System used in the Grumman/ The Blg Challenge Mlc',opro
Navy Fl4A carrier-based fighter aircraft. The CADC performs T CesSOr
specialized computerational functions in respomse to input stimuli echnolog s
such as pressure sensors, temperature Sensors and closed loop CHIp o y pec,s
feedback inputs. Outputs from the CADC system are used to drive g ) " ES  SIZE PR ‘e
1 ture indicator Make A New ! AUSED 10714
pilot visual displays (such as, altimeter, tempera > - PMU 1063 150 % 153 - ’
mach number indicator, etc.) and to provide control inputs for ~ - £ . | s 3 pin ) .
i 2 F1 63
other aircraft systems. The outputs from the CADC are in the form Integ rated CII’CUIt : 2 PDU  124) 141 x 15] .
of digital and analog signals. Figure 1 illustrates a block Computer ) 1 i 24 pin |
P
diagram for the CADC. ; CPU 743 120 x 130 o pin : N
Being in a flight envirorment meant that certain constraints s e
must greatly reflect the architecture of the CPU and Memory. F A SL 771 128 x 133 24 pin 3 2313
These constraints were size, power, real-time computing capability rom , - x T -
and cost, not necessarily in that order. Other constraints such - = 5x 130 14 pin : 6990
as temperature, acceleration and mechanical shock affected the ElectromeChanlcal R d :
- ' , ROM 143 x 150 14 pin 19 62092

overall design of the CADC. . 4
The size of the CPU-Memory was limited to a maximum of 40 Computer s TORVS k i i TOTAL 28 Baa
square inches. This included the arithmetic section, read-cnly g-a - " -
memory, and read/write memory., Since the unit was to be packaged
on a printed circuit card che number of layers of the p.c. card
was an important consideration. The power consumption had a limic
of 10 watts at ambient 25°C. This was principally a function of
the capabilities of the p.c. card tc withstand the heat.

In 1968, Garrett AiResearch (who employed designers Ray Holt and Steve Geller) was invited to

The required computing capacicy for the CPU was not defined produce a digital computer to compete with electromechanical systems then under development
ge;*i‘:lzeti“:;';:éuT‘i‘:'c::::;i:::n;“fnzf“‘;‘f":ju:e";;‘i"::“:: for the main flight control computer in the US Navy's new F-14 Tomcat fighter. The design was
to be set to be able to work within the other constraints. What complete by 1970, and used a MOS-based chipset as the core CPU. The design was
was known about the computation was the form of the equations ©0 significantly (approximately 20 times) smaller and much more reliable than the mechanical

be implemented. This included polynominal evaluations, data limit-

systems it competed against, and was used in all of the early Tomcat models. This system
contained "a 20-bit, pipelined, parallel multi-microprocessor". The Navy refused to allow
publication of the design until 1997. For this reason the CADC, and the MP944 chipset it used,
are fairly unknown.Ray Holt's autobiographical story of this design and development is presented
in the book: The Accidental Engineer.[alisl ~
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The birth of microprocessors 1971

Intel 4004 _ _ o
Federico Faggin started Zilog in 1974 .
Zilog
Z80
1974
Intel C4004 microprocessor s __ — |
Produced From late 1971 to 1981 Think of your next microcomputer as a weapon
against horrendous inefficiencies, outrageous costs
Common Intel and antiquated speeds. We invite you to peruse this chart.
manufacturer(s) - —
Max. CPU clock 740 kHz Features: 8080A ZB0-CPU F Features: 8080A Z80-CPU
rate Power Supplies +5,-5,412 +5 Instructions 78 158°
in_elile a1 Clock 24.+12Volt | 15Voit | OPCodes 244 696
- Instruction set 4-bit BCD-oriented g'a'm,dcmk = = = z Z
1 500ns 400ns dressing 0s
The 4004 was built e eione 55001 peed .
for the Data width 4 Interface o Uggzse g&%ﬁggs? Working Registers g 17
Busicom 141-PF 48224 gn:’\amlcﬂg\sM Up to 5 times greater
Desk Calculat Address width 12 (multiplexed) Refresh Throughput than the 8080A
es aiculator .
nte
m‘l’(‘,‘r‘r‘saﬂ‘“"’ No Yos *Including all of the 8080A's instructions.
Application Busicom calculator, N - — = 7
arithmetic manipulation
— Package(s) 16-pin DIP
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Microprocessor as building block of modern computer
1975 Homebrew Computer Club

Homebanon\pmorcub

r V-

Hombrew computer club
meeting
Stanford Linear ACCelerator (SLAC)
Auditorium

| v 1 Mgty

available for user programs. And the 16K chips when they become availa- invited.

Steve Jobs and Steve Wozniak Byte into an Apple ......... . ,$§Q6Q\§,*

BREADBOARD
ARF.\A

COMPLETE N
VIDEO TERMINAL | L
ELECTRONICS ~~J [0S

LOW-PROFILE
SOCKETS
ONALLIC'S

FIRMWARE _ _ —
IN PROMS

4 '
KEYBOARD 6502
INTERFACE MICROPROCESSOR

APPLE Computer Company + 770 Welch Rd., Palo Alto, CA 94304 - (4

OCTOBER 1976 CIRCLENO. 70N mnumv CARD
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1975 Not only Hardware but also software
The first BASIC language for microprocessor.

Alta terpreter Source Tape, Micro-soft, US, 1975
Paul A finished his BASIC program while flying to
Albuquerque with Bill Gates to demonstrate it to MITS's

£d Roberts. Microsoft later created interpreters for many
other languages and processors, though BASIC remained
its most valuable product into the early 1980s.

Gift of B Gates, Jr. 102611998

EXCLUSIVE!

ALTAIR 8800 ALTAIR BASIC - UPAND IIIIIIIIIIIG

In January, when Popular Elec-

tronics featured the Altai

| on its front cover, we ki
had a great product.

could have predicted t

People who are familiar wi

Y
computer to p

flood of inquiries and phone calls offer the following e is BASIC. It is simple an
rs that started hitting us andable.
about mid-January. A few y

ustrate this further,
Partly because the Altair has a look at this sample
generated such a hupe volume of
business,
up our Alt:
and broaden our horizor
Undoubtedly th
these develcpmen
tion of a BASIC programming language
for the Altair Computer.

Altair Basic
The first Microsoft product

BY K EDWARD ROBERTS AND WILLIAM YATES

HE era of the computer in avery wmumn-mwm

home—a favorite toplc among
science-fction wrilers—hes arrived!  pravious IC processors. It can &c- PROCESSOR DESCRIPTION
It's made possible by the PoPULAR  commodate 258 inputs and 280 oute | Processor; 8 tit pacaliel
ELECTRONCS/MITS Altair 6800, a full-  puts, all dwectly addressable, and has Max. memory. 65,000 words (a directly

Bill Gates and Paul Allen
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The Texas Instruments Speak & Spell from
1978 was a typical use for the TMS1000.
FozzTexx (CC-SA 4.0)

peripheral in the same chip.

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

Serial Port

WatchDog

RAM

ADC

CPU

ROM

1/0 Port A

I/0O Port B

1/0 Port C

Timer

EngineersGarage

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 suppor
chips, making it the first microcontroller.
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LHCb Muon Detector Control System

IEEE TRANSACTIONS ON NUCLEAR SCIENCE, VOL. 57, NO. 6, DECEMBER 2010

The Muon Front-End Control Electronics of the ELMB the Arduino of HEP (ATMega128 MCU)
LHCb Experiment | Henk Biom

b Boterenbrood Hallgren

Valerio Bocci, Giacomo Chiodi, Francesco lacoangeli, Francesco Messi, and Rafael A. Nobrega

Abstract—The LHCb muon readout apparatus is made of 1368 Nikhef CERN
Multi-Wire Proportional Chambers (MWPC) and 24 Gas Elec-
tron Multiplier (GEM) chambers connected to 7632 16-channel
front-end boards, resulting in 122.112 channels to be read out.

.
g

,
...................................................................................................................................

................................................................. S ——— 156 x Service Board (SB)

the time constrains naturally led to the development of a custom
and complex control system made of about 600 microcontrollers
(nC) and 150 flash-based FPGAs which are directly connected to
the front-end electronics and handled by six computers.

B Muon Chambers
Complex Software
only for real expert.

C programming.
Automotive CANBuUs in
radiation environment.

= U — | L
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The Arduino revolution (2005)

Hardware: Microcontrollers boards Software :Arduino Language

Due

Leonardo

Uno

Mini

ArduSiPM | Arduino 1.6.7 - o

File Edit Sketch Tools Help

ArduSiPM

// ArduSipm a
// Programmed by V.Bocci-G.Chiodi-M.Nuccetelli

//

#include <OneWire.h>

#include <DallasTemperature.h>

#include <Wire.h>
#include <SPI.h>

// DS1820 Data wire is plugged into pin 8 on the Arduino
#define ONE_WIRE_BUS 8

// Setup oneWire instance to communicate with devices
OneWire oneWire (ONE_WIRE_BUS) ;

// Pass oneWire reference to Dallas Temperature
DallasTemperature sensors (soneWire) ;

float myTemp;

char schar=0;

unsigned int th_val, hv_val, st_val,del_latch,width_latch;

byte th_byte, hv_byte;

char th_string[]="", hv_string[]="",del_string[]="",tr_string[]="",width_string[]="";

int i;

$ms 0. 4
< >

The world of microcontrollers for anybody.
Simple programming language to program MCU.
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'HE era of the computer in every

arrived!
I's made possible by the POPULAR
ELECTRONCS/MITS Altalr 6800, a fusl

EXCLUSIVE!

BY H. EDWARD ROBERTS AND WILLIAM YATES

1ral processing unit is a now LSI chip
hat ks many times more power ful than
provious IC processors. It can ac-
commodate 258 inputs and 256 out-

has

Similarities with the beginning of the

Processor: & it paraliel
Max. remory. 05,000 words (8

puts, ail Y and

The world of microcontrollers for anybody.

ALTAIR BASIC - UP ANDRUNNING

(COMBUNER!

A PUBLICATION OF THE ALTAIR USERS GROUP

—oonanure=n Lorone,

ersonal computer era

Leonardo Uno Mini

Arduino
Language

AruSiPH
//  Ardusipm

// Programmed by V.Bocci-G.Chiodi-M.Nuccetelli
/7

#include <OneWire.h>

#include <DallasTemperature.h>

#include <Wire.h>
#include <SPI.h>

// DS1820 Data wire is plugged into pin 8 on the Arduino
#define ONE_WIRE_BUS 8

// setup oneWire instance to communicate with devices
OneWire oneWire (ONE_WIRE_BUS);

// Pass oneWire reference to Dallas Temperature
DallasTemperature sensors (soneWire);

float myTemp;

char schar=0;

unsigned int th_val, hv_val, st_val,del_latch,width_latch;
byte th_byte, hv_byte;

char th_string[]="", hv_string[]="",del_string[]="",tr_string(]

width_string[]

Simple programming language to program MCU.
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The MCU as building block

for Internet of Things

Sensors/Actuators Microcontroller

shock-switch sensor Common-Cathode Red&Green LED  High-Sensitive voice sensor

Humllure sensor Laser-transmit

anel Pulse sensor

Joystick

Hall sensor

Photo resistor  Digital- Temperalure sensor

Passive buzzer Actlve buzzer

RGB LED Mag ing sensor

> fﬁo
P 00 *5;

Two-color commoncathode LED Analogy-hall sensor Push button

y - 5-)0«)
i
. - wn

Rotate-encode Light blocking

Magnetic spring

WWW.ARPE.CC

Ball Swith

Knock sensor 18820 Temperature

Light Cup

Oscillator
0 - 20MHz

Internal
Oscillator

Serial
Communication

A/D
Converter

bl CCP/PWM

modules

1/0 Ports (25mA)

T0

CPU

(35 instructions)

Interrupts WDT

'““

PortD [ PortE |

Program
Memory 8K

EEPROM (256)

RESET

9Power Supp|y%

Internet Connection
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First Electronic particle detector 1919

ON THE AUTOMATIC REGISTRATION OF
o-PARTICLES, B-PARTICLES
AND 7-RAY AND X-RAY PULSES

+
= ——E_
s \\/L._——_T ’;.@}
) ¢ /A ==
C\b '8 '#H*‘é'l"l' 18
I e o
3
) H R -
A
T -} 4
-T Lee De Forest Audion tube
from 1908, the first triode. its

= ability to amplify was
T Sheffield Scientific School LC H 5 recognized around 1912.
Yale University P
New Haven, Conn.
January 25, 1919 i

. —— Alois F. Kovarik
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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 € come cercare un
faro nella notte, una sfida ardua dove il rischio di smarrirsi nei binari dell'obsolescenza & sempre in agguato. Quando un percorso
ha dimostrato proficuita e offre opportunita di crescita ulteriore, perché non continuare a percorrerlo con determinazione?

‘ DS Th e Ard U S| P M |d €d 2012-2014 ieee NSS/MIC Seattle

Y

An even greater increase is that shown by the features and

In the last years we have seen a fast increasing and peripherals available in system-on-chip (SoC)

positive trend of SiPMs performances

MPPC Per Has Been F oly Improved by i

v/ Dark Count

4 Afterpulse

v/ Crosstalk

v PDE (Photon Detection Efficiency)

v Timing Resolution *In early 2000s Soc featured cheaper and smaller mobile phones

7 Larger Area (with Assembly Technology) *In 2001, it was the release of the iPod that was based on the twin-core ARM SoC

*The emergence of loT further boost the evolution of SoC

Jark Counts reduction

Detctab Photon Lovels g SoC integrate more and more functions into a single chip!

Lo 1Mcpaimm2 Photon irradiance [photons mm?s’%, A = 500 nm]

1000 " o 1 100 1 u 1 " .
g N T * general-purpose microcontroller unit (MCU)

Photon counting region . . .
§ o s e r * numerous high-performance peripherals (amplifiers,
g . ADCs, DACs, counters)
2 = 0.1Mcpsimm2 gy 0.05Mcpsimm2 = .
o S R * non-volatile memory
g2 2 §f 9 g2 T @2 e SIPM{HPPC) > :
A i | * Network interfaces

Single photon detection is possible, bul with some limitations.
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SAM3X4/8C (100 pins) Block Diagram

L o
&éo &
(A & ¥
IS
SOSESF N Y e e

Prts LAl
YYYY

t
System Controller v Voltage
TST —> Regulator
PCKO-PCK2 <] J€—] t
PLLA JTAG & Serial Wire
B {L)J;LL PMC YAV VA
XOUT <€— oM In-circuit Emulator T 5
WOT ortex-M3 Processor | SysTick Counter|
ke | e
SNz Os::; lI/D ls I i I
ERASE <—>D-> RC 32k BB
: 8,
R_:: Low Powel D'iM OMA[FIFCY MiniHost %3 EEEDBE"
VDDBU Rmk BYTGQS [Controller ° XE<—> ol g veras "
e B IS S\ EE
S FIFO  |Ethemet T R
NRST DMA |128-byte T} MAC |e— > ERX0-ERX1
—
DMA
TWCKO 'ﬁ
0 o [——] w0 PoC|*
R Wi [Fbe
Arduino is an open-source electronics platform based on easy-to-use hardware and software. s —
Arduino Due is the first Arduino board based on SoC (System on Chip) SAM 3X8E a 32-bit ARM core microcontroller. i usARTO
Main features available on Arduino Due to build up around an acquisition system are: Be: JeARTH P
o T
gé:é USART2 Rk
CTs2 PDC
* 16 Channel Multiplexed Analog to Digital converter with 12 bit and 1 MHz sample rate ne
. . i CANO <]
*  Multiple Input output pins o v N
*  Ofast Counter and pulse generator Touo2 T Counter 0 T —
= . ) . TioA02) [moa] [+ S Paripherals
« 2 Digital to Analog converter with 12 bit resolution T e [ Mt e
«  Different serial interface like 12C,SPI,onewire, RS232, Ethernet MAC in SAM3X8 (not routed ®) TmerGountr | - sp0 S St
*  An easy to use development software, with high level instruction for main program and interrupt 7 ! -
handling, with the possibility to use all the complex features of the SoC SAM3X8. Tmer Counter 2
i
I Pa
— peom s T &
o =] ] sse bl .
o soc R e i
A:S:?Ei <__>!:I s le—>|  Hsmal E}: E%éi% 2
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‘0" The ArduSiPM idea (Gen1)

In 2014 we have created and published a new kind of detector using the new generation of SiPM and System on Chip
(SoC).

V. Bocci, G. Chiodi, F. lacoangeli, M. Nuccetelli and L. Recchia, "The ArduSiPM a compact trasportable =TT =
Software/Hardware Data Acquisition system for SiPM detector,” 2014 IEEE Nuclear Science Symposium and Medical —=[C11
Imaging Conference (NSS/MIC), 2014, pp. 1-5, doi: 10.1109/NSSMIC.2014.7431252. PESEEAE

The ArduSiPM technology joins the innovation of the system on a chip (SoC) and the simultaneous improvement of Silicon
photomultiplier detectors in a new generation of all-in-one scintillation detectors conceived from INFN Roma in 2014.

The basic idea is to minimize the use of COTS components (typically fast analog) and develop a large part of the peripherals
inside the SoC, thus obtaining compact electronics without using ASICs and an external data acquisition system.

Analog conditioning SAM3XS8E SoC
& bias voltage

Scintillator SiPM Custom Electronics Arduino DUE
| | | (ArduSiPM Shield) ArduSiPM Software ]

| |

Particle Detector ArduSiPM
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)
INFN

Istituto Nazionale
di Fisica Nucleare

Animma 2015

A low cost network of spectrometer radiation detectors based
on the ArduSiPM a compact transportable Software/Hardware
Data Acquisition system with Arduino DUE

Valerio Bocci , Giacomo Chiodi, Francesco lacoangeli, Massimo Nuccetelli, Luigi Recchia

INFN Roma, Piazzale A.Moro, 2 - 00185 Roma

The peripheral card can connected piggyback using the same form factor of 3
the Arduino, in the Arduino world this pluggable boards are called Shields. $
Looking to the potentiality of the SAM3X8E ARM Cortex-M3 CPU, we decide to
build up a custom shield to acquire Silicon photomultiplier.

The ArduSiPM Shield is our custom designed board with all electronics
interface from Arduino DUE and a SiPM photodetector. The ArduSiPM Shield
plugged in the Arduino DUE create an easily transportable system including

Front end electronics and data acquisition system.

The global architecture of the system is in the right figure.

The SiPM of the acquisition board can be coupled
with a scintillator crystal to build efficient, small and
solid radiation detector. The gamma radiation
monitoring is an interesting field of application for
the ArduSiPM. The gamma radiation can be used to
identify the type of radioactive sources using the
gamma spectra analysis. The first component to
convert the gamma ray to light detectable from the
SiPM is a crystal. There are different kind of crystals
for the scope like as the common Nal(Tl), the Cs/(Ti),
the BGO and the LSO (LYSO). Scintillation materials
can be small, low-cost, and efficient for gamma
detection, can operate at room temperature, and are
capable of being used in spectroscopy systems. The
volume of crystal necessary to detect gamma ray can
be in the order of one cube centimeter.

The lack of Graphical user interface can be brightly
resolved using as client a PC or a Tablet. We
developed an Android App that can control and
display data in raw or in graphical way after post
processing_

valerio.bocci@romal.infn.it

network.

The necessity to use Photo Multipliers (PM) as light detector limited in the past the use of crystals in
radiation handled device preferring the Geiger approach.

The Silicon Photomultipliers (SiPMs) are very small and cheap, solid photon detectors with good
dynamic range and single photon detection capability, they are usable to supersede cumbersome and
difficult to use Photo Multipliers (PM). A SiPM can be coupled with a scintillator crystal to build
efficient, small and solid radiation detector. A cost effective and easily replicable Hardware software
module for SiPM detector readout is made using the ArduSiPM solution.

The ArduSiPM is an easily battery operable handled device using an Arduino DUE (an open
Software/Hardware board) as processor board and a piggy-back custom designed board (ArduSiPM
Shield), the Shield contains all the blocks features to monitor, set and acquire the SiPM using internet

a0
output @

ArdusiPM
Shield

Peak Hold

sPum

| LI(Ew) crystal in Al housing
HOPE moderator

30mm
15mm

52mm

One of the use of the ArduSiPM can be the detection

of Neutrons. The common neutron’s are

1
\__ EUROPEAN AGGREGATED DATA

After the nuclear accident in Fukushima, Japan, in
2011 the public demand of radiation monitor increase

complex and heavy systems, mainly based on light
conversion and PM readout.

One proved technics is to use a Lil crystal viewed by a
SiPM. An interesting ready to use design for the
detector is published [1]. The neutron moderation is
provided by high-density polyethylene (HDPE), then
the slow neutrons interact with the Lil crystal. Lithium
iodide, when suitably activated, scintillate under slow
neutrons’ irradiation as a result of the 6Li(n,a)3H
reaction in which the a-particle and triton share an
energy of 4.79 MeV. The scintillation efficiency is
11000 ph/MeV. The Acrylic light guide conveys the
light to the SiPM detector. This kind of detector can
be easily read from the ArduSiPM device and can
meet the DNDO (Domestic Nuclear Detection Office)
specification for a handheld radiation detector.

[1] M Foster and D Ramsden A compact neutron
detector based on the use of a SiPM detector. , IEEE
NSS MIC (2008) Dresden

consi bly.Many people were unsure what level of
radiation they were being exposed.

There are projects like EURDEP (EUropean Radiological
Data Exchange Platform) that show radioactivity and
emergency preparedness in the Europe area. EURDEP
makes radiation dose rate data from 37 European
countries, there are 4500 automatic stations available
on an hourly basis. The freely accessible Public map
allows the public to view the European monitoring
data. The EURDEP network use as standard exchange
format IRIX (International Radiation Information
eXchange) an xml-based format standard for data
exchange that has been developed under the IAEA
action plan, in closed cooperation with the EC. The
IRIX is well designed to exchange of environmental
radiation data include appropriate metadata with the
results of monitoring. The ArduSiPM can easily output
the data in IRIX format and can be integrated in
EURDEP or in other radiation network like
RadiationNetwork.com.

Readily Available Scintillators

Plastic BC408:
density 1
Yeld 10 000 ph/MeV

Py Lyso
density 7
& Yeld 30 000 ph/MeV

BGO
density 7
Yeld 10 000 ph/MeV

Encapsulated Nal
Density 3.7
— Yeld 40 000 ph/MeV

.
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Application Example 1:

Intraoperative B- Detecting Probe

v SCIENTIFIC
- REPLIRTS

A novel radioguided surgery technique
exploiting f~ decays ArduSiPM

E. Solfaroli Camillocci, G. Baroni, F. Bellini, V. Bocci, F. Collamati, M. Cremonesi, E. De Lucia, P.

Ferroli, S. Fiore, C. M. Grana, M. Marafini, |. Mattei, S. Morganti, G. Paganelli, V. Patera, L. Piersanti, L.

Recchia, A. Russomando, M. Schiariti, A. Sarti, A. Sciubba, C. Voena & R. Faccini

Beta- Probe

Control and readout

it
W App

Radioguided intraoperative beta probe, with
scintillation material coupled with SiPM detector.
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Application Example 2:
Use of ArduSiPM in the CERN UA9 and CRYSBEAM activity

UR 3

(substitute old Scintillator and electronics for PM)

- As beam losses counter @ SPS

- As beam trigger @ extracted beam line H8
(CERN)

erc = « This work has been supported by the ERC Ideas Consolidator
Grant Valerio Bocci TDAQ Napoli 9-12 Ottobre 2023



The first ArduSiPM detector INEN

TecHTRANSFER

Istituto Nazionale di Fisica Nucleare

-  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

RETURN TO ISSUE ¢PREV ~ TECHNICALNOTE  NEXT
Ultrasensitive On-Field Luminescence Detection Using a Low-Cost
Silicon Photomultiplier Device

Maria Maddalena Calabretta, Laura Montali, Antonia Lopreside, Fabio Fragapane, Francesco lacoangeli, Aldo Roda,
Valerio Bocci, Marcello D'Elia*, and Elisa Michelini*

© Cite this: Anal. Chem. 2021, 93, 20, 7388-7393 Altmet t Share A xport
Publication Date: May 11,2021 - 2 1 4 @ @ .
https://doi.org/10.1021/acs.analchem.1c00899 @
Copyright © 2022 The Authors. Published by American RisOUT THESE METRICS

Chemical Society. This publication is licensed under
CC-BY 4.0.

PDF (2 MB) e Supporting Info (1) » SUBMECTS: Bioluminescent probes, Calibration,

Light, Pegtides and proteins, Sensors

Mean value for the journal article 300-400
Mean value for cover article 1200-1400

aﬂyﬁml"
¥ S\

Analytical Chemistry

. mparable with Much Better
Varioskan Flash LuminqSiPM-ArduSiPM <— Atik 383L

BL signal (RLU)

SiPM

Varioskan Flash multimode reader

= 10 12
s
g
E o I o 3
2 d
ix .
s 10
@ 10 I
=

102 10 10+ 10 T T T T
indiue o 102 1040 104 104

NanoLuc [M] I
— e e o o e -
Luminescent biosensors for forensic applications

. . : . y based on new ulrasensitive
In collaboration with analytical chemistry uniBo Silicon Photomultipler detector (PhD thesis Marcello D'Elia )

ATIK 383L
106
10¢
107,
e 1070 10° 104

BL signal (RLU)

NanoLuc [M]

Cooled ATIK 383L
108
104
102
10°+ v r T
1012 10 10 10¢
NanoLuc [M]
_ Valerio Bocci INFN
Roma

IF:6.986
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ArduSiPM tecnology block diagram

ArduSiPM Technology architecture

—>» LNA —_— Discriminator

> Peak Hold

DC-DC

Converter €

Thermometer |«
Pernpherals
< Interface

Output

connectors "
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The ArduSiPM architecture can scale with SoC Growth

2014

SAM 3X8E

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

2019

SAMV71

32-bit ARM® Cortex®-M7 RISC

300 MHZz

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

SAM V7x 512-2048 KB/
Arm® Cortex®-M7, 300 MHz 256-384 KB
SAM E7x 512-2048 KB/
Arm Cortex-M7, 300 MHz 256-384 KB
SAM S7x 512-2048 KB/
Arm Cortex-M7, 300 MHz 256-384 KB
SAM E5x 256-1024 KB/
- Arm Cortex-M4F, 120 MHz 128-256 KB
71 | SAM D5x 256-1024 KB/
~ Arm Cortex-M4F, 120 MHz 128-256 KB
° SAMG 256-512 KB/
 Arm Cortex-M4F, 120 MHz 64-176 KB
SAM 4 128-2048 KB/
Arm Cortex-M4F, 48-120 MHz  32-160 KB
SAM D 8-256 KB/
Arm Cortex-MO0+, 48 MHz 2-32KB
SAM C 32-256 KB/
Arm Cortex-MO0+, 48-64 Mhz  4-32KB
SAM L21/1L22 32-256 KB/
Arm Cortex- M0+ 32-48 MHz 4-40 KB
'SAM L10/L11 16-64 KB/
Arm Cortex M-23, 32 MHz 4-16 KB

Valerio Bocci TDAQ Napoli 9-12 Ottobre 2023



SAM3X8E

e?o;\’:@i‘; <& $ IS
«o‘@i{"«d{? ?"@ \\§ AOQG) 400:9&?
p444 1t U
System Controller + RVOI'Tng
TST meipd il
PCKO-PCK2 <=} |<—
PLLA JTAG & Serial Wire |
W PMC
xc::: 2 0sc In-Circuit Emulator — -
WDT E Cortex-M3 Pwr‘%oessor ysTick Counter | v o Y | R
12184 B (': 2x256 Kbytes| |64 Kbytes| |32 Kbytes|] ROM
2x128 Kbytes| |32 Kbytes| |32 Kbytes| |16 Kbytes]
s SUPC MPU 2x64 Kbytes | |16 Kbytes] |16 Kbytes
o i 0sc 32 i
nn SAM3X / SAM3A Series eruse > ] [
e GPBBR ™
RIT [ow Power i g DFSOF
- RTC DMAFFIFO] Mini Host |58 DHSDM
Atmel | SMART ARM-based MCU . men | EOS HCTY SSpE
VDDCORE — 7
vbDuUTMI —— RSTC
DATASHEET RST
| Poa |l p|oi]
| pioc
Description "o i ]
TWCK1 T™WI
TWD1 LPDC
58 UART 5T
The Atmel® | SMART SAM3X/A series is a member of a family of Flash Do e
. . . RTSO
microcontrollers based on the high performance 32-bit ARM® Cortex®-M3 RISC o U=
processor. It operates at a maximum speed of 84 MHz and features up to b USART <1
. . PDC
512 Kbytes of Flash and up to 100 Kbytes of SRAM. The peripheral set includes a R
. . . . USART2
High Speed USB Host and Device port with embedded transceiver, an Ethernet §§ = |
MAC, 2 CANs, a High Speed MCI for SDIO/SD/MMC, an External Bus Interface
with NAND Flash Controller (NFC), 5 UARTS, 2 TWIs, 4 SPIs, as well as a PWM
. e P CANO |«
timer, three 3-channel general-purpose 32-bit timers, a low-power RTC, a low- e P
. . . . CANTX1
power RTT, 256-bit General Purpose Backup Registers, a 12-bit ADC and a 12-bit Towo2] Timer Counter 0 Ty r—
TIOA02] il eripher:
D AC TIOB[02] ITCE Plan'pdhgeal :—DMA \:—> :Pm,npggu
. |—> SPIO_NPCS1
The SAM3X/A devices have three software-selectable low-power modes: Sleep, Tous) Timer Counter 1 | I — > Shionecs
. . . T |<—1—> SPIO_MISO
Wait and Backup. In Sleep mode, the processor is stopped while all other Tiobiss] [Cees] [+ N rEmg )
functions can be kept running. In Wait mode, all clocks and functions are stopped e
but some peripherals can be configured to wake up the system based on <]
predefined conditions. In Backup mode, only the RTC, RTT, and wake-up logic — | Pl
. PWMH[0:3] |
are running. Suo = ane ssc HE
i-hmu. <> RF
Pk e oo+
ADYREE: — > HSMCI [ mcck
e = h caEd
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SAMV71

RPN O@® - g P B2 s Y
32-bit Arm Cortex-M7 MCUs with FPU, Audio and 9
Graphics Interfaces, High-Speed USB, Ethernet, and @ MicrocHIP
Advanced Analog
SAM E70/570/V70/V71
Features
Core

Arm® Cortex”-M7 running at up to 300 MHz

16 Kbytes of I-Cache and 16 Kbytes of D-Cache with Error Code Correction (ECC)

Single-precision and double-precision HW Floating Point Unit (FPU)
Memory Protection Unit (MPU) with 16 zones

DSP Instructions, Thumb®-2 Instruction Set

Memories

Embedded Trace Module (ETM) with instruction trace stream, including Trace Port Interface Unit (TPIU)

Up to 2048 Kbytes embedded Flash with unique identifier and user signature for user-defined data
Up to 384 Kbytes embedded Multi-port SRAM
Tightly Coupled Memory (TCM)

with on-the-fly scrambling
System

16 Kbytes ROM with embedded Bootloader routines (UARTO, USB) and IAP routines
16-bit Static Memory Controller (SMC) with support for SRAM, PSRAM, LCD module, NOR and NAND Flash

Embedded voltage regulator for single-supply operation

S
12-layer Bus Matrix
fuax 150 MHz
)
e v
= SAMV71Q21RT
2 = Radiation Tolerant Cortex M7 MCU
2 |
= = status: In Production.
?\ Mf, B Documentation

B SAMV71Q21RT Radiation-Tolerant 32-bit Arm® Cortex®-M7 Microcontroller: PDF
=) -
=)

The SAMV71Q21RT is the radiation tolerant version of the popular Microchip
SAMV71Q21 based on the high-performance 32-bit ARM Cortex-M7 processor

with a Double Precision Floating Point Unit (FPU). These devices operate at up
to 300MHz and feature up to 2048 Kbytes of Flash, and up to 384 Kbytes of

W purchase Options

multi-port SRAM which is configurable Instruction and Data Tightly Couple
Memories to leverage the advanced DSP capabilities of the core.
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Firmware development adapted SAMV71 EVB

F__q

=

Fast

USB 2.0
Pulse counter
_ F . | =—
Trigger Output +— \:_ / i Threshold DAC CANBUS
& Microcontroller
Analog Output 4——{: \n— INA . 2 0000 | TroehreEeEn o e
AR >/ SAMV71 I -
SiPM o —I—o PH ADC
N/ Peak Hold PH reset
Temp
'

UART Racel
L] GNSS

Low-noise
— DC-DC Converter
0-100V

PPS signal

Accurate timing information

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

We have reported the issue to the manufacturing company.

Solution 1) component preselection 2) offset compensation PEAK PROBLEM (OFFSET)
network B

) ] - .
100Q : !
. ffset PEAK_OUT
: : : o Peak reset
—_————— - - (] (]
! ! . — e — — — — — J \
1 Passive Offseti :: 27pF SOQ . .

i Compensation!

: NetWOI‘k : ._W_O +VOUT - INFN ROMA1 LABE @

S . R
— PEAK PROBLEM (OFFSET)
Solved
R = 82K R=50M
/ S / — offset offset
Peak reset PEAK_OUT

Landnnls N N {

~ s | c T ———— ‘
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Cosmo ArduSiPM (GENZ2)

ArduSIPM analog + SAMV71

G % D

Istituto Nazionale di Fisica Nucleare MlCHDCHIP

Cubesat LEO or MEO

INFN-Microchip Technology

Collaboration Agreement ref. TTD 19RM1 020

A

0.1 CubeSat Unit occupancy

ye 400km

W g0 o B

-

2 channels ‘;ﬁ”"' F.. m‘ ’m

“USO-BALLOON

% t\il .
: ,munmmuumummmum., d "

Weigh 42 grams

Low Power consumption <1Wh
Rad-tolerant version of MCU
availability on market

Vi

= Cherenkov

Fluorescence
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iU o
Picosatellite =

ol

Istituto Nazionale di Fisica Nucleare

il
PWO LSO LYSO BGO
5o S R

Nano ArduSiPM

Photons sensibility to
Visible or IR

P o amer B o

Next STEP picgsate”ite Earth TX/RX Module

-
P

Camera Module

L .
HAAHZ2D “
o

° .
SAMASDZ7 - SOM)
= -l

g L =

Picosatellite OBC A '
On Board Computer @ GPS Module
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Nano ArduSiPM Gen3 (2023)

A
\ 4

TOP VIEW

WFBGA

08mm  gcenm XFBOA
9 mm N = =

Grid Array)

RES(| RS4( 3, -3 T
1

; 3432243A_Y130
O [Tme o[
ch -2 Y, |5 ==
7= - l -
g 5

50 mm

O E@uRs S \ 4
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Evoluzione Tecnologia
ArduSiPM GEN1

1 channel

. 2x 55 cm?
ArduSiPM (TT 2014) 100g/ch
2x 100 mm x 50 mm
GEN2
1 channel e 50 cm?

Half Cosmo Fity & 21g/ch
ArduSiPM (2021) 0 L1t o5 udl O
Decremento della dimensione e peso
Del singolo canale

1 channel 25 cm?
Nano ArduSiPM 10 g/ch
(2023)
50 mm x 50 mm
GEN4
2 channel == 2 cm?/ch
LITE SPLD (2026) = 34/h

20 mm x 20 mm
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INFN | ITE — SLPD —il CHIP ..,

Istituto Nazionale di Fisica Nucleare

SEZIONE DI ROMA TOR VERGATA

L'idea ¢ partire da un progetto di chip 'Front-End per MPPC' gia sviluppato, che include tutte
le funzionalita analogiche di GEN2 ed ¢ ottimizzato in termini di dimensioni e numero di
canali. Il chip miziale era destinato alle applicazioni TOF e dovra essere modificato (in modo
significativo), pur mantenendo la tecnologia scelta per la convenienza economica e la
conoscenza del design.

Front-End chip for MPPC in tecnologia standard
CMOS 0.35 um:

» Bassa impedenza di ingresso al fine di ridurre 1l
tempo di ripristino 1l piu possibile

Iy 000 Vy
Vy |[=|1 00 Iy
I 010 v,

Second generation Current Conveyor
Block representation and main ideal characteristics

CCII CMOS

Vdd

* Tutti 1 segnali e le soglie sono processati nel
dominio della corrente utilizzando comparatori
di corrente veloci e una versione modificata de1
Conveyors di Corrente di seconda generazione

(CCII) basati su specchio di corrente come
blocchi di costruzione per gli amplificatori.

FULL-CUSTOM

Conventional version based on current mirrors

The pilot chip

Davide Badoni - Preventivi INFN Roma Tor Vergata - 14/07/2023
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INFN

Istituto Nazionale di Fisica Nucleare

SEZIONE DI ROMA TOR VERGATA

LITE — SLPD —il CHIP ¢

CHIP
TO/FROM pP
Clock - Parameters
Channel A Fast
» Discriminator N
¢ INA | TDC
Y, Peak&Hold
Channel B Fast
» Discriminator >
q=+=> LNA . TDC
PWM Peak&Hold

-

P

P
1]

Tere regiter

——
FIFO

~300 ps or better

—>—
SPI
Read Out —_—
Analog Delay Unit

i

G
—1

iy

4
LITE SLPD GEN4 2Ch ‘
Connectors
DC_DC
Mosfet+ L+C
SAM SoC

SANA +@00000/0000C0O
+eoco0oo0o00looooo0o0
ocoooooloooooo0 20
ocoooooloooooo mm
oooo0o0o0l0c0o000O
000000000000
000000000000
000000000000
ocoo0o0o0000000O
ooooooloooooo
ocoooooloooooo0
+§o0oooolcoocoe

v

20 mm J

Una delle innovazioni e caratteristiche peculiari
introdotte da questo chip ¢ il TDC segmentato
(Convertitore Tempo-Digitale segmentato), che
consente un miglioramento della risoluzione
temporale pari a una frazione del clock

utilizzato.

Davide Badoni - Preventivi INFN Roma Tor Vergata - 14/07/2023
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| rivelatori ottenuti sono compatti e leggeri possono essere utilizzati in vari campi
in MICRO individuati due tipologie principali di applicazioni lasciando aperto 'utilizzo all’interno della comunita HEP.

SPACE
WEATHER o
IMPACTS

Rivelatore di particelle a scintillazione
Applicazione in cubesat o picosatellite.

Orbita LEO.

Monitoraggio delle radiazioni in picosatellite

e in costellazioni di picosatelliti (Space Weather)

Rivelatore di flussi di fotoni
Bioluminoscenza per strumentazione
portatile da usare nel campo [ .

(user : Chimica Analitica Univ. Bologna, ' eesenimn e e e
CNR IMM)

LuminoSiPM

Figure S1. (A) The three components of LuminoSiPM dark box. (B) The assembly of sample holder

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

052018 W MocCRis 2019 lstage ocrA 2022

GEN2 Detector

L/gRa' Link on Balloon
s . LOS = \/2R.h + 2
. ~500km .

— < h
R

Fig. 5. Utilizzo del pallone stratosferico per test rivelatori in quota e test trasmettitori
LoRA per orbita LEO trasmissione dati a terra.
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Timing Measuraments

Sync signal from LED driver — CosmoArduSiPM TTL Qutput CosmoArduSiPM Analog Autput

Led Pulse ~TTL_out DELAY TTL_out jitter ~ 600ps

FWHM =619 ps_

worse than oscilloscope but better than
internal TDC resolution

e

TTL_out —Analog output DELAY

|

12

Led Pulse —Analog output DELAY -

' FWHM = 109 ps - FWHM =688 ps
|
| . . . .
| Maximum CosmoArduSiPM time resolution:
|
! TDC_CLK= CPU_CLK/2 = 150 MHz B 6.6 ns
JL
™
< ! %
Measure P~:delav(C2) P2:dt@v(C1.C3) 23:dt@lv'C3.C2' P4:width(C2) P5:max(C3) P6:wam(F1) P7:fwhm(F2' 28 fwhm(F3) 100 us
value 25.64" ns 19.440 ns 12146 ns 2°.677ns 22.64 mV 619 ps 109 ps 688 ps i l‘ »
mean 25347 ns 19.42079 ns 11.8136 ns 22.812ns 28.590 mv 619 ps 109 ps 688 ps ’
min 24.465 ns 19.050 ns 1099 ns 2.954ns 4383 mVv 619 ps 109 ps 688 ps
max 33.758 ns 19.663 ns 14975 ns 30.465 ns 57.29 mvV 619 ps 109 ps 688 ps f
sdev 5474 ps 69.98 ps 4472 ps “.878 ns 6.539 mv - - — h
num 1€.1552+3 16.177e+3 16.102e+3 16 156e+3 1€.1352+3 1 1 1
status v v v v v 1Y v v
o " A a i a | | | 7123199371 T123199371
ase -30.6 ns|| rigger [HBLIN.
50.0 #div Stop 560 mV 123199371-123184371=15000 CLK
500 psfdv Edge Positive )
16.091 k# X1=19.000rs AX=  5.000 ns N
X2- 24000 rs 1/AX- 20C.00 MFz
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Performance dei rivelatori di GEN2
(Cosmo ArduSiPM)

Threshold Scan Plot

Istogramma Spettro di fotoni

visti dall’ADC vs Scope Le
Croy

ADC Histo

100 A

80 1

60 1

40 4

20 1

||||| X

||III .llI”.lll [ Y1 TP

Al

40 60 80 100 120
ADC value

Misure di tempo sincronizzabili con sistema GPS

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

100 us

7123199371 T123199371

123199371-123184371=15000 CLK
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Tecnologia ArduSiPM
ALL-IN-ONE SiPM based detector

Introduzione alle Tecniche di Trigger e Data Acquisition in Esperimenti di Fisica

Napoli 9-12 Ottobre 2023
Valerio Bocci

INFN Roma

Valerio.bocci@roma1.infn.it

s PAC E ArduSiPM Technology architecture
WEATHER
IMPACTS MCUSoC |
[ Threshold [
LNA ___> k ;" e ' |n$i:ce
L1 peakbio | ! : S PAC E AURORA e e
aoc || Coote |||} WEATHER ] 4 GPS
o~ ] ' : IMPACTS ¥
—— < = . g Teers | / ' 1
= B s > 7 Kt
s T = —1; Nt
T i ,.
Paipherais 8 - SATELLITES / COMMUNICATIONS
eSS Y | Interface
Output .
connectors e (
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