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What is a service?



What is a service?

A coordinated pool of persons, skills and tools that are 
organised on a structured way to address specific projects



Why electronic services?



…from earlier than you think!

• Electronics is a key  

• Relevant HEP ASICs trends and perspectives 

• Some “experienced-based” remarks 
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NSS 2011 Short Course on  Integrated Circuits for Time and Energy MeasurementsIEEE NSS 2013 Short Course

Integrated circuits for time and energy measurements of nuclear radiation pulses

Lisbon, Jan 27th, 2014

  The design of a front-end IC starts from a through-out 
understanding of the specifications.

 Many radiation sensors can be modeled as a current source with 
a capacitor in parallel. 

 The detector capacitance is one of the primary parameters that 
determine the ultimate system performance.

 The current source contains the information on the signal shape.

The dawn of nuclear electronics

 People got quickly fed-up of counting particles by eye on a Zn-
sulfide screen!

A. F. Kovarik On the automatic registration of α-particles, β-particles 
and γ-Ray and X-Ray pulses.

Excerpt from Kovarik acknowledgments....



Standard in nuclear electronics

• Just putting modules together?

Timing with CFD and TAC
Timing: yesterday and today

D. Breton et al., NIM A 629 (2011) 123-132

Angelo Rivetti (INFN) Digitization and Time Pick-O↵ Barcelona tecnoweek 76 / 80



From visual to electronics detectors1 -                                 2 - 1    

 FABIO SAULI - XVII SEMINARIO NAZIONALE di FISICA NUCLEARE E SUBNUCLEARE – OTRANTO 4-11 GIUGNO 2015  

MULTIWIRE PROPORTIONAL CHAMBER (1968) 

G. Charpak et al, Nucl. Instr. and Meth. 62(1968)262  
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…and before PCBs

https://en.wikipedia.org/wiki/Point-to-point_construction



PCB design

Timing with CFD and TAC
Timing: yesterday and today

D. Breton et al., NIM A 629 (2011) 123-132

Angelo Rivetti (INFN) Digitization and Time Pick-O↵ Barcelona tecnoweek 76 / 80

             ReadOut Board

14

           Photodetector        Mechanics

105° SIFL. Scavarda

The first Calo module

ALICE ITS: the systemIC design – system level ALICE

Prague 9-11 November 2017 Giulio Dellacasa - DAQ/FEE/Trigger workshop for COMPASS beyond 2020

■ ALICE ITS Silicon Drift Detector: development, test production and assembly of the 
readout electronics for the SDD detector

– PASCAL: 64 channels analogue frontend. Preamp. and analogue storage. 10-bit 
SAR ADC 40 Ms/s

– AMBRA: digital 4-events buffer, data compression from 10 to 8 bits

– CMOS 0.25 µm

Chip-set with Al-flex PCB on
carbon fiber heat sink

Muoni

ZDCSilicon tracker

Tracker 
Elettronica integrata di front-end 
altamente innovativa 
Sistema di supporto e raffreddamento 
Integrazione presso il laboratorio 
tecnologico 

  

Cooling, support mechanics,
assembly in the Torino tech lab

Ten years of data taking
(2008-2018)

A. Rivetti (INFN-Torino) Princeton-Nov. 17th August 21, 2018 11 / 37



PCB design@INFN

• PCBs are routinely designed in house 

• Professional EDA tools needed 

• Wide range of complexity, from simple two layers to complex multi-layers 
hosting very complex circuits and requiring complex design (signal integrity, 
power analysis, etc..) 

• In house fabrication and assembly capability may change from sites to site 

• Common pattern: design in house and fabrication/assembly by dedicated 
companies 

• Some steps typically done in house (e.g. wire bonding of bare chips), some 
critical steps in the integration of large detectors, etc.



First microstrip detectors
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NSS 2011 Short Course on  Integrated Circuits for Time and Energy MeasurementsIEEE NSS 2013 Short Course

Integrated circuits for time and energy measurements of nuclear radiation pulses

Lisbon, Jan 27th, 2014

An early microstrip detector

 The high density of channels intrinsic to microstrip detectors made 
made custom integrated circuits necessary.

 IC entered relatively late, but became soon the enabling technology 
for new particle detectors

NA11 microstrop sensor, 1980
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NSS 2011 Short Course on  Integrated Circuits for Time and Energy MeasurementsIEEE NSS 2013 Short Course

Integrated circuits for time and energy measurements of nuclear radiation pulses

Lisbon, Jan 27th, 2014

An early microstrip detector

 The high density of channels intrinsic to microstrip detectors made 
made custom integrated circuits necessary.

 IC entered relatively late, but became soon the enabling technology 
for new particle detectors

NA11 microstrop sensor, 1980

• Silicon detectors made indispensable the use of ASICs for readout 

• Due to the many advantages (integration density, low noise, lower power) 
integrated circuits became soon popular for the readout also of other kind of 
detectors

• NA11 silicon detectors, 1990



From PCBs to ICs

Some history

Integrated circuit technology invented by Kilby in 1958
Microplex ASIC for readout of strip detectors: 1982-86
Many ASIC design groups being set-up in the early ’90.

A. Rivetti (INFN-Torino) Princeton-Nov. 17th August 21, 2018 4 / 37
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ASIC testing and handling

• Proximity testing  
• Long term testing 
• Assembly



ASIC design@INFN

• ASIC are used only when commercial components are not viable 

• Professional EDA tools 

• The complexity change a lot: from small chips with an handful of channels 
doing simple processing to large and complex systems 

• A special role is being gained by CMOS sensors 

• The technology is very expensive and unforgiving 

• ASIC development cycles are typically long 

• There are a few design groups within INFN, but no everywhere 

• Critical mass is a key factor, especially to design large ASICs



From PCBs and ICs to full systems



FPGA programming and boards
LVDS/
SLVS / 
L«CMO�ϣ

Analog Probe / Injection

1-10 Gbps Optical link 
(lpBGT & VTRx+ 
supported)

Copper 
(FMC connector)

ASIC
DUT

SLVS

Example: MPSoC-based ASIC test system in 
Torino, software-oriented, with mixed-signal 
capabilities

From FPGAs to SoCs and adaptive computing platforms

Example: AMD/Xilinx MPSoC Architecture, ZCU102

Thanks to more advanced deep-submicron nodes, the technology allows to integrate in a 
single chip the FPGA programmable logic and a multi-core ARM CPU running Linux.
This allows to receive high-bandwidth data from the frontend ASIC with custom protocols 
while being able to run very complex algorithms with a software-oriented approach.
The FPGA logic can also be used to offload computing-intensive tasks from the CPU 
because of its parallel-computing capabilities. These acceleration cores can be 
programmed using high-level languages (es. C/C++) using High-Level Synthesis Tools.

PoS(TWEPP-17)081
PoS(TWEPP-17)081

D502: WKH UHDGRXW ERDUG IRU WKH A/,C( 72) XSJUDGH D. )DOFKLHUL 
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7KH WULJJHU / GDWD IORZ LQVLGH WKH ERDUG FDQ EH GHVFULEHG LQ WKH IROORZLQJ ZD\:  
x D WULJJHU LV UHFHLYHG WKURXJK WKH GB7[ OLQN DQG SDVVHG WR H37DC YLD 9ME EDFNSODQH; 
x WKH D5M2 UHDGV HDFK 75M H37DC GDWD YLD 9ME DQG VWRUHV WKHP LQ WKH RQ-ERDUG 

665AM GHYLFH; 
x ZKHQ FRPSOHWH, WKH HYHQW LV UHDG RXW IURP WKH 665AM DQG VHQW WR WKH C58 YLD WKH 

GB7[ OLQN. 
6LQFH WKH SODQ LV WR UXQ ZLWK D FRQWLQXRXV WULJJHU DW 33 KH], WKH VXP RI WKH WLPH LQWHUYDOV 

UHTXLUHG WR IXOILOO DOO WKHVH RSHUDWLRQV VKRXOG EH ORZHU WKDQ 30 PV, VR WR DYRLG WKH DVVHUWLRQ RI WKH 
EXV\ VLJQDO. FRU WKLV UHDVRQ ZH GHFLGHG WR LQFUHDVH WKH 9ME EDQGZLGWK IRU UHDGLQJ RXW WKH 75MV 
IURP 40 ME\WHV/V (DV LW XVHG WR EH RQ WKH D5M1) WR 160 ME\WHV/V, E\ LPSOHPHQWLQJ WKH 2H667 
9ME64[ SURWRFRO. 7KLV DOORZV WKH D5M2 (PDVWHU RI WKH 9ME EXV) WR UHDGRXW WKH GDWD IURP WKH 
75MV (9ME VODYHV) DV 64 ELW ZRUGV RQ ERWK ULVLQJ DQG IDOOLQJ HGJHV RI WKH D7ACK VLJQDO, ZKLFK 
FDQ EH DV IDVW DV 10 MH]. 7KLV OHDGV WR D 160 ME\WHV/V SHDN 9ME GDWD WKURXJKSXW. 3DUDJUDSK 3 
VKRZV WKH UHVXOWV RI WKH SHUIRUPDQFH PHDVXUHPHQWV FDUULHG RXW LQ D IXOO FUDWH. 

7KH D5M2 ERDUG IHDWXUHV DOVR WZR VORZ FRQWURO OLQNV, ZKLFK ZHUH DOVR XVHG RQ D5M1: 
x A 1.28 GE/V SURSULHWDU\ VHULDO OLQN (CONE72) IURP CAEN. 7KLV OLQN LV XVHG IRU 

FRQILJXULQJ WKH 75M ERDUGV, IRU UHDGLQJ WHPSHUDWXUHV DQG YROWDJHV DQG IRU PRQLWRULQJ 
SK\VLFV GDWD GXULQJ GDWD WDNLQJ. 7KH OLQN LV EDVHG RQ WKH IJORR2 LQWHUQDO KLJK-VSHHG 
6E5DE6; 

x AQ AWPHO A5M SURFHVVRU UXQQLQJ LLQX[ RQ D FRPPHUFLDO SLJJ\-EDFN PH]]DQLQH 
(QDPHG A1500 IURP CAEN), ZKRVH SXUSRVH LV WR UHPRWHO\ UH-SURJUDP WKH IJORR2 F3GA 
YLD DQ EWKHUQHW OLQN ZKHQ D QHZ ILUPZDUH UHYLVLRQ LV UHOHDVHG. 7KH VDPH OLQN LV DOVR 
XVHG WR LPSOHPHQW RWKHU VORZ-FRQWURO IXQFWLRQDOLWLHV. 

 

 
)LJXUH 1: 7KH D502 ERDUG 

 

3 DRM2 tests and measurement results 
:H WHVWHG WKH D5M2 ERWK ZLWK WKH C58 DQG WKH C-5O5C >7@ UHDGRXW FDUGV ZLWK WZR 

GLIIHUHQW JRDOV: 



FPGA design@INFN

• Most, if not all, projects require today some specialised firmware running on a 
FPGA 

• In some cases, FPGA firmware development can be very complex 

• DAQs need continuous support and tend to be often upgraded 

• Some small scale applications can be run on development kits, but complex 
systems require the development of ad hoc PCBs 

• FPGAs are complex…PCBs hosting them are also complex!



Electronics services at INFN

• Electronic seriose need to manage very different technologies 

• INFN is a federal organization. A common pattern has local peculiarities 

• But in a network what you do not find locally, you may find elsewhere 

• Some services are more diversified than others (size of the local unit counts) 

• Both services and infrastructure management



Electronics services at INFN

• Each unit has its own service, usually with key features and competences



Finding info’s



Finding info’s



Findin info’s



Practical details

• Each service is coordinated by a person appointed by the local director 

• This person should be the first contact points 

• Activities are planned on a yearly basis. Many activities span several years 

• Some buffer is usually left for contingency 

• Facilities are usually accessible to associated personnel, provided they are 
properly trained in both operation and safety 

• A service is not a self-service… 

• FPGAs and ASICs design also carried-out in University groups


