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OUTLINE

• ITS organization and INFN responsibilities
• ITS status and plans
• ITS3 status and plans
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Project Organization

Project Leader
S. Beolè (12/23)

Deputy Project Leader
A. Di Mauro

Institute Board
Team Leaders, Project Leader, Deputy Project Leader, 

ITS3 sub-project leaders, Technical Coordinator

ITS3 sub-project

Sub-project Leaders
A. Kluge, M. Mager

Work Packages Conveners
Physics and Performance/A. Kalweit, A, Rossi
Chip Design/G. Aglieri, W. Snoeys
Chip Characterization/M. Suljic, S. Senyukov
Thinning, Bending and Interconnection/
G. Contin, D.Colella
Mechanics and Cooling/C. Gargiulo
Read-out/ O.Groettvik, F.Reidt

Technical Coordinator
F. Reidt

Deputy: M.Keil

System Run Coordinator
N. Valle (12/23)

A. Isakov (12/23)

Software Coordinator
M. Concas

Sub-system Coordinators
DCS/M. Keil
ITS2S/P. Martinengo
Cooling/S. Senyukov

ITS2

Electronics Coordinator
G. Aglieri

S. Beolé - ITS ALICE Referees 20/07/23

New Project Leader:

F. Reidt (1/1/2024-31/12/2026)



ITS2
Slide da:
Nicolo’ Valle
Matteo Concas
Ivan Ravasenga
Mattia Faggin
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Presa dati 2022
ottimizzazione tools di QC
issues
in-run recovery
overall performance
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trends
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2022



Presa dati 2023
overall performance
detector ageing
calibrazione
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Calibrazione

•  FULL Threshold scan su 
tutto il rivelatore (24000 
chip): esempio Layer 0
• tuned to 100e-
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ITS Performance
Allineamento
Impact parameter resolution
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Allineamento: confronto 2022-2023
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2022 2023



Impact parameter 
resolution: confronto 
Run2-Run3
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PbPb readiness
Controllo tracking performance
Data taking in PbPb
To do list
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tracking efficiency vs IR
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To do list
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ready



ITS3

ALICE Referees 
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Slide da:

Gianluca Aglieri Rinella

Magnus Mager
WP3, WP4 conveners

Valerio Sarritzu



ITS3: all silicon new vertexer

• New detector technology:
‣ three truly cylindrical Si pixel layers based on ultra-
thin wafer-sized curved sensors (65 nm CIS technology)
‣ no external connections nor cooling 
‣ new beam pipe 
‣ new concept for future detectors

• Performance:
‣ Pointing resolution improves by a factor 2 compared 
to ITS2 in the full pT range 
‣ Tracking efficiency increases by a factor 1.2-2 
compared to ITS2 in pT < 100 MeV/c
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0.36%



ITS3 road map

• large area 
• stitched
• bent
Can we test each feature independently?
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bend existing chips (ALPIDE)

caveat: ALPIDE technology 180nm 
CIS -> need to test bending on 

65nm

large area wafers: 65 nm CIS

port charged particle CIS from 180 
to 65nm  -> MLR1 

stitching in CIS for charged 
particles sensors (widely used for 

imaging sensors) -> ER1+ER2



CSN3 23/06/23
30

MLR1 test set-up developed by INFN
APTS and DPTS test structures tested @ INFN
DPTS paper: published 
https://arxiv.org/abs/2212.08621
APTS papers: 2 in preparation (SF & OA)

MLR1
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tested @ INFN
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developed @ INFN CA-TO-TS
(85k€ in 2021)

CERN + INFN (CA, CT, TO, TS) + IHPC (Strasbourg): pilot sites
BA+BO+PD + Nikhef + Liverpool + Birmingham: extensive test sites 



MLR1 selected results: APTS 
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APTS SF: charge detection
Charge collection by the seed pixel is optimised in the “modified with gap” process   

Catania-Padova-Bologna



MLR1 selected results: APTS
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APTS OA: timing response
First results show intrinsic timing resolution below 80ps
New beam test data available, analysis ongoing

Torino-Bari



MLR1 selected results: APTS
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APTS OA: timing response
First results show intrinsic timing resolution below 80ps
New beam test data available

sT=53 ± 1 ps

preliminary

Torino-Bari



MLR1 selected results: DPTS
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DPTS: radiation hardness
Detection efficiency well above 99%, in the desired threshold region, up to NIEL 1014 1MeV neq cm-2, with very low 
noise, at room temperature

3x ITS3 needs

T=20°C

Trieste



Bent 65nm test structures
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• Larger pieces from fully processed 65nm wafers are bent to R = 18 mm and electrically 
characterised 

• They work nicely (tested with a Fe-55 source) 
• More comprehensive study ongoing 
• Very important cross-check: underlying CMOS processing is different in several aspects 

(ALPIDE, 180 nm vs MLR1, 65 nm)

Trieste



SuperALPIDE update

2023:
• Two bending attempts of recovered pieces of processed super-ALPIDE 

(30 μm thick) from break: 
• 1. In the scratch region (silicon size: ~4.7 cm, ~2.5 cm) → Success!
• 2. Outside of the the scratch region (silicon size: ~1.5 cm, ~6.2 cm), 

longitudinal bending → Success!
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Bari



Wire bonding to edge FPC
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Two ALPIDE sensors used as ITS3 
sensor simulator

500 μm distance between FPC and 
sensorBottom layer, line 2, wire 

examples
Upper layer, line 5, wire 
examples
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see next slide

ER1
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ER1: wafer-scale sensors
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• First MAPS for HEP using stitching
• one order of magnitude larger than previous chips 

• “MOSS”: 14 x 259 mm, 6.72 MPixel (22.5 x 22.5 and 18 x 18 μm2) 
• conservative design, different pixel pitches 

• “MOST”: 2.5 x 259 mm, 0.9 MPixel (18 x 18 μm2) 
• more dense design 

• Plenty of small chips (like MLR1)

STATUS

‣ Production:  Both pad wafers and 
fully processed wafers are 
available @CERN since end of May

‣ Thinning and dicing: 
- done for large chips (first 2 

wafers), in preparation for small 
chips

TESTING: see next slide



Bonded sensor tests in laboratorio
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• 1 MOSS bonded 
• 20 sub-units ≅ 20 ITS2 chips 

- Each sub-unit can be tested independently 
• 16 sub-units tested (4 are not connected to this set-up) 

- 16 powering → no shorts! 
- 16 responding to register access 
- 1 tested for readout and working as expected!

Sub-unit readout 
& power

Sub-unit readout 
& power

Sub-unit readout 
& power

Sub-unit readout 
& power
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MOSS beam test: primo test 
su fascio disensore large area
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MOSS
ALPIDE
TELESCOPE



What next
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Large area sensors DAQ system 
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Proposal: table-top like DAQ system capable of 
• reading (through high-speed e-links) 
• controlling (through slow lines)

Considering the size and number of outputs of an ITS3 sensor (12x3 minimum repeated single sensing unit)  
it is foreseen using a few boards in parallel to read a full sensor, where data are aggregated on the back-end computer 
through standard ethernet/USB link topology.

GOAL: responsabilità INFN su sistema di lettura di ITS3 like sensor, per portare in Italia il test set-up e i sensori large area
Interesse sinergico con ALICE3 tracker, EIC, NA60+

Bari, Cagliari, Padova, Trieste



ITS3 attività INFN
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2023: 

• WP2: Design e sottomissione ER2 sottomissione rimandata a inizio 2024

• WP3: Test di strutture bent + large area (sviluppo di nuovo test system per MOSS chip); 
caratterizzazione di strutture irraggiate

• WP4: continuazione attività bending e bonding su strutture bent di piccola e grande area 
• WP5: studio di materiali per supporti e cooling

FINE 2023: pubblicazione ITS3 TDR -> fondi CORE

(contributo INFN 250k€)

*contributo CORE al progetto:
suddivisione di compiti e 
contributi inclusi in tabella TDR
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OVERVIEW RICHIESTE ITS3 2021-2025
tipo attività 2021 

(k€)
2022 
(k€)

2023 
(k€)

2024 
(k€)

2025 
(k€)

2026 (*)? totale richiesta 
INFN (k€)

totale ITS3 
(k€)

R&D 200 300 150

WP3=100
WP4+5=50

700 (**) 2500

Costruzione
(CORE) ER2: 250 400 400 100

1100 3500

totale 200 300 400 400 400 100 1800 6000

viaggi 50 50
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RICHIESTE ITS3 2024
tipo attività 2024 (k€)

R&D 0

Costruzione 
(CORE) 400

totale 400

viaggi 50

Richieste 2024: Core (k€) Destinazione Sede

330 sottomissione ER2+ER3 e 
thinning and dicing

Torino

60* large area sensor read-out 
setup

Padova

10* bending mandrels Bari

le richieste * devono essere formalmente confermate dal management ITS3

Richieste 2024: Viaggi Destinazione Sede

50 Test Beam e Test MOSS @ 
CERN

BA, BO, CA, CT, PD, TO, TS



BACKUP SLIDES
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August 2022



MOSS: Monolithic stitched sensor

Basic subsensor unit 25 mm 
long, replicated 10 times 
through stitching, for an overall 
length of about 25 cm

Readout architecture and powering:
o readout performed locally independently for each subsensor and also from left end as 

foreseen for ALICE ITS3 (simple parallel ports, no high speed serial links)
o separate powering for each subsensor àminimize shorts affecting the others

First large are sensor designed for high energy particles detection à main goal:
o test basic features of designing with stitching and aspects like yield 

DESIGN DI INTERESSE COMUNE A:

ALICE

NA60+

EIC 



ALICE Referees 20/07/23 S. Beolé - ITS 56



ALICE Referees 20/07/23 S. Beolé - ITS 57

MLR1 Test system concept

System fully designed
Presently cards under production and test

APTS: Analog pixel test structure
studio della forma del segnale 
generato da matrice di pixel

DPTS: Digital pixel test structure
studio della risposta temporale del 
pixel



DAQ board
MOSS

MOSS carrier card

MOSS Test system concept

Extension of concept developed for MLR1

new version

new large area carrier
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ITS3 - WP4:  sensor thinning, bending and 
interconnections

interesse da diverse sedi INFN:
• Bari/Bologna: wire bonding
• Trieste: thinning, bending, wire bonding
• Torino: spTAB bonding
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convener: G. Contin – M. Mager 



Sensor bending
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Manual  bending

Controlled 
bending

Bending tests

• Measured curvature radius:
• DUT1: ~ 16mm 
• DUT2: ~ 18mm

• Test beam performed at
Desy, no possibility to 
participate due to COVID-19 
(article ready for publication)

µ ITS3



Preparazione DUTs e telescopi per testbeams
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Preparazione DUTs per diversi Testbeam 2020-
2021 avvenuta principalmente a Trieste e al CERN
R&D su:
• Meccaniche e procedure per curvatura
• Wire-bonding su superfici curve
• Misura di precisione della curvatura (CMM)
• Primi test elettrici in laboratorio
à Risultati pubblicati in arXiv:2105.13000

Monitoraggio 
della curvatura

61

https://arxiv.org/abs/2105.13000


Preparazione µITS3 e prossimi DUTs

ALICE Referees 20/07/23 S. Beolé - ITS 

µITS3

3 strati di ALPIDE curvati con raggio 
di curvatura nominale dell’ITS3
• Tracciamento con 6 punti 

registrati da strati di silicio curvo!

Piani 2022 per WP4 INFN (TS)

• Preparazione DUTs basati su ALPIDE e strutture di test MLR1
• Sviluppo meccaniche  di curvatura di chip di media grandezza
• Sviluppo elettroniche di caratterizzazione segnali veloci per prossime sottomissioni
• Costruzione telescopi per caratterizzazione prestazioni DUTs

62



Piani per curvare strutture di test MLR1
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Opzioni considerate: wire bonding e SpTAB bonding
Attualmente allo studio: 
• Sviluppo FPC/chipcable e interconnessioni
• Miglior layout di tracce e piani di alimentazione
• Connessione meccanica e elettrica

Le carrier board sviluppate a Cagliari, 
Torino, Trieste saranno modificate per 
poter ospitare chip flessibili di area 3x3 
cm2 contenenti le strutture di test MLR1

63



Thinning e caratterizzazione meccanica
• Automated 3-p test setup
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Planned measurements:
• Bending modulus
• Elastic – plastic region
• Breaking point
• Minimum radius

• At 30-40-50 µm thickness!

50 µm
40 µm

30 µm

64



Caratterizzazione proprietà Carbon Foam (CF)
• Pressure drop test 
• Diversi layout provati nel 2021
• Misure su diversi tipi di CF  

• Versione corrente: galleria del vento  

L0 equipped with 3 PT1000 
temperature sensors

Studio del raffreddamento 
a valle del primo supporto 
(ring) in fibra di carbonio

2022: attività di simulazione ed ottimizzazioneALICE Referees 20/07/23 S. Beolé - ITS 65



Super-ALPIDE (mock-up) setup: development of the wire-bonding procedure and FPC design 

Rotational stage

Edge-FPC

Exo-FPC

Mandrel

Exoskeleton

Super-ALPIDE chip: 18 ALPIDE chips over 2 rows in one big structure
• 16 chips readout through exo-FPC [bond over 7 mm pads vertical distance]
• 2 (external) chips readout through edge-FPC [bond at the same quota]

This setup has been realized to develop 
and test the wire-bonding  procedures for:
• Exo-FPC à first demonstrator of a working  full half  barrel in truly cylindrical shape
• Edge FPC à main interest for the further developments (final detector)
The present mandril holds a mock-up of the bended super-ALPIDE



Super-ALPIDE setup  
Edge-FPC
• Prototype of the final detector FPC
• Designed and integrated in Bari 
• Under production
• Continue design toward next

generation of large-area chips in 2022
• new productions in 2022



Super-ALPIDE setup 
Exoskeleton
• First version designed by Magnus Mager
• Design finalization in Bari

• edge-FPC integration
• Bonding machine compatibility



Super-ALPIDE setup - Bending tools 
• Being designed at CERN
• Integration with the other components (exoskeleton and FPCs)  in collaboration with Bari
• Next: full setup for complete super-ALPIDE assembly in Bari 

The activity on the design of the edge FPC, its integration with 
the bending and assembly procedure of large area chips, and the wire-bonding 
procedure will be the focus of next year (2022), using large area chips from new productions 


