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Several posters received showing the large interest in the field. A lot of systems are 
running and have reported progress, while new systems are in construction or 
advanced design phase, finally a plethora of R&D are developing targeting longer 
term prospects. One of this prospect is precise timing with SS detectors. 

This summary is presented by dividing the posters in macro areas, and for each of 
them going from the current construction activity  to short and long-term 
perspectives.   Statistically, the newer the technology the more are the short and 
long- term posters presented. 

Total Systems Strips Pixels MAPS
Techno-Mix:

LGAD, SPADS, Diamond … 

Current 23 8 6 5 2 2

Short-term 13 2 0 2 5 4

Long-term 11 0 0 2 4 5

Total 47 10 6 9 11 11
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Opera�onal results with the pixelated Time Detector (pTC) of 

MEGII experiment during the  rst year of physics data taking 

Abstract: The experiment MEG II is designed to improve by an order of magnitude the current sensi�vity   4.2x10
-13 

reached by MEG 
 

on the search for μ+→e+γ decay. A crucial part of MEG II is a pixelated Timing Counter (pTC) 

developed  to measure the positron �ming with high accuracy. The pTC is segmented into 512 scin�lla�on counters. 

Since the positron �me is measured independently by several counters (~9 on average), the �ming resolu�on 

improves signi cantly compared to single counter resolu�on.  We constructed and installed the pTC and performed 

commissioning runs at piE5 beam line at PSI star�ng from 2015. 2021 was the  rst year of physics data taking. Timing 

resolu�on was excellent at ~38 ps since the start, in the following years some problems emerged: SiPM detachment, 

noise, radia�on damage. Those issues are discussed and the steps to solve or mi�gate them are detailed. The 

possibility of an par�al upgrade is presented.

Summary
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Physics Run 2021

•Beam: DC surface muon beam stopped at 

•target (~5x107 μ/s).

•All Detectors installed: magnet, target,  pTC, 

•dri= chambers, Lxe detcctor, RDC

•Electronics: Ampli er (x100), Shaper, Digi�zer 

(WaveDAQ ) at 1.4 GHz for pTC [4].

  Trigger: μ+→e+γ physics trigger,z

All counters (512) installed and tested in

MEG II site, πE5 beam line at PSI.

Resolu�on vs. Number of 

Hits (Data [3])    

•The full MEGII was installed and tested in PiE5 at PSI.

•MC/Data comparison hit rate for all counters.

•Op�miza�on of CFD frac�on

•Time resolu�on somehow degraded by noise, 

detachment and radia�on damage

•Time resolu�on improved by a factor of 2 with respect 

to MEG.

  

 
Comparison of pixel �ming resolu�ons 

  

 Resolu�on degrada�on 
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Summary:
• The full MEGII was installed and tested in PiE5 

at PSI.
• MC/Data comparison hit rate for all counters.
• Optimization of CFD fraction
• Time resolution somehow degraded by noise, 

detachment and radiation damage
• Time resolution improved by a factor of 2 with 

respect to MEG.



  

Overview of ATLAS forward proton detectors for LHC Run 3 
and plans for the HL-LHC
Maciej Trzebiński (Institute of Nuclear Physics Polish Academy of Sciences)
on behalf of ATLAS Forward Detectors

AFP aims to measure events in which one or both protons remain intact 
after interaction. This is possible due to colourless exchange.

Four Roman pot stations, two on each side of ATLAS. All contain tracking 
detectors (6/30 µm resolution in x/y), Far stations consist Time-of-Flight (20 ps).

Detectors were installed and took data during LHC Run 2.

Improvements for Run 3 operation:
● New design of detector flange: Out-of-Vacuum solution for ToF detectors.
● New SiT modules to replace used ones.
● Trigger module: possibility to trigger on a single ToF train.
● New photo-multipliers: address inefficiency issues from Run2 data-taking.

Detectors are commissioned with the first LHC beams and waiting for Run 3 physics data!

Run 3 plans: participate in all standard, high pile-up (µ) fills as well as in dedicated low-µ runs.

For Run 4 Roman pots may improve capability to measure/search for photon induced/BSM processes:
● Ongoing discussion in ATLAS.
● Significant constraints in LHC tunnel wrt. Run3 → only few locations possible for pots.
● Location of pots determines accessible mass range.
● Having more stations located at various locations would cost more, but would improve overall detector 

acceptance.

Looking (geometrical) forward … 



The CMS Pixel Detector for the High 
Luminosity LHC

Antonio Cassese (antonio.cassese@cern.ch), INFN - Firenze, on behalf of the CMS Collaboration
PM2021, 15th Pisa Meeting on Advanced Detectors, 22nd – 28th May 2022, La Biodola, Isola d'Elba (Italy)
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LHC (after 2010) HL-LHC
ECM [TeV] 7 ÷ 14 14
LIST [cm-2s-1] 2 × 1034 5 ÷ 7.5 × 1034

PU < 50 ÷ 60 140 ÷ 200
LINT [fb-1] 300 3000 ÷ 4500

High Luminosity LHC

Resulting in:
• Dose & fluence 10x higher
• 750 kHz L1 rate
• 12.5 ʅƐ L1 latency

The present CMS tracker cannot sustain the foreseen 
radiation levels and data rates and has to be 
completely replaced

1x2 2x2

• Hybrid modules with 2 (1×2) or 4 (2×2)
readout chips

• 3900 modules (1156 + 2736)
• 2×109 pixels
• 4.9 m2

CMS HL pixel detector
• High radiation tolerance:

> 2.3 × 1016 neq/cm2, fluence
> 1.2 Grad, TID

• Improve tracks separation:
> High granularity
> Low material budget
> High bandwidth (up to 3.5 GHz/cm2 occupancy)

• �ǆƚĞŶĚ�ƚƌĂĐŬŝŶŐ�ĐŽǀĞƌĂŐĞ�;ͮɻͮ�ч�ϰͿ
• Stringent space constraints
• Thin planar n-in-p and 3D silicon sensors
• Operation at -20°C
• Innovative power scheme

Mechanical structure
• Simple mechanics:

> Can be removed for maintenance
> Barrel splits in half at z ~ 0 (z != 0)
> Disks with planar geometry

• Light Carbon Fiber structures with embedded cooling pipes
• Features a two-phase -35°C CO2 cooling system

> 1.8 mm OD stainless steel pipes
> 168 cooling loops

• 60kW power budget
Pipe housing 

interface
Carbon foam Annealed 

steel tube

CMS Read Out Chip (CROC)
• CMS chip size (16.8×21.6 mm2, 336×432 cells)
• 65 nm CMOS technology
• �ĞĂĚ�ƚŝŵĞ�чϭй�Λϯ͘Ϯ�',ǌͬĐŵ2

• 1 Grad TID resistant
• Strongly protected against SEU effects
• 50×ϱϬ�ʅŵ2 cell
• Linear analog FE
• ůŽǁ�ƚŚƌĞƐŚŽůĚ�;ч�ϭϬϬϬ�Ğ-)
• High hit and trigger rate

(up to 4×1.28 Gb/s output links)
• Serial powering capabilities

432 pixels (21.6 cm)

First wafer level test performed - Poster: Wafer level test of the 
readout chip of the CMS Inner Tracker for HL-LHC - Michael Grippo

Serial powering
• Consecutive modules use the same current
• Current is shared in parallel between:

> ROCs in the same module (2 or 4)
> Analog and Digital domain on ROC

• Shunt-LDO:
> ROC IP block for serial powering support
> On chip solution
> Low mass, radiation hard, no extra ASIC
> Shunt functionality needed to implement

the serial scheme
> LDO regulation needed to ensure the correct

voltage to the electronics (~ 1.2 V)
> Equivalent to a resistor in series with

a voltage source (Reff, Voffset)

Services
• Portcards:

> 3 LpGBT
> 3 VTRX+
> 1 bPOL12V DC/DC converter
> 1 bPOL2V5 DC/DC converter

• Powering:
> Low voltage power with serial powering

scheme over 576 chains
> High voltage distributed in parallel to

modules in each serial chain
> ~ 350 pre-heaters meeded by cooling

Sensors
• 25×100 ʅm2 pixel cells
• 50×50 ʅm2 bump bond pads
• Extensive R&D program
• Irradiations and test beams (CERN, Fermilab, Desy, FNAL)
• Simulations for geometry optimization
• Thin planar n-in-p sensors:

> 150 ʅm thickness
> Bitten implant, no punch-through bias dot
> ,ŝƚ�ĞĨĨŝĐŝĞŶĐǇ�х�ϵϵй�;ĂĨƚĞƌ�Ϯ�× 1016 neq/cm2)

• 3D pixel sensors on Barrel layer1:
> Lower high voltage power consuption
> Stable hit resolution up to 1016 neq/cm2

LpGBTVTRx+
connector

DCDC converter

Data & 
command

links

Poster: Performance of highly irradiated FBK 
3D and planar pixel detectors – Rudy Ceccarelli

Poster: Study of irradiated 3D pixel sensors 
from CNM – Clara Lasaosa García

Poster: 
Characterization of 
irradiated passive 
CMOS sensors for 
tracking in
HEP experiments –
Franz Glessgen

Talk: The CMS Tracker for the
High Luminosity LHC –
Alessandro Rossi

Antonio Cassese



§ Heat-ups	can	cause	irreparable	damages	to	silicon	detectors.	This	
must	be	avoided	by	all	means,	specially	as	the	ITk	detector	
elements	- once	installed	- are	not	accessible	over	years.

§ The	ITk	Interlock	system	protects	the	detector	elements	against	
upcoming	risks.	It	acts	between	devices	to	be	protected	and	units	
which	can	be	a	risk	to	the	devices.	FPGAs	house	the	interlock	
matrix	decision	tables.

§ To	keep	the	number	of	detector	elements,	which	are	out	of	
service,	low,	a	high	segmentation	is	required.	As	ca.	13000	
channels	must	be	handled,	a	custom	made	solution	was	chosen.

The	ITk	interlock	hardware	protection	system
from	concept	to	realization	

15th PM	May	2022		La	Biodola,	Isola	d’Elba (Italy)																																																														Susanne	Kersten

§ To	fulfill	the	requirements	of	the	ITk	strip	and	pixel	detector,	a	
modular	design	was	chosen.	Besides	the	Interlock	and	the	
Monitoring	FPGAs,	three	types	of	IO-modules	were	designed.	The	
users	can	equip	their	interlock	crate	according	to	their	needs.	Up	to	
576	interlock	signals	can	be	handled	by	one	interlock	crate.

§ The	pre-production	is	actually	ongoing	and	first	crates	are	delivered	
to	the	sub-detectors.

concept	of	the	ITk	Interlock	System

the	Local	Interlock	Safety	System	crate

Susanne Kersten



Expected reconstruction performance with the new ATLAS Inner Tracker at 
the High-Luminosity LHC
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Marianna Testa, for the ATLAS Collaboration

• The  new all-silicon Inner 
Tracker (ITk) of the ATLAS 
detector will be built  for the 
High Luminosity phase of LHC.

• The reconstruction and 
Identification of high-level 
objects  is improved mainly due 
to smaller pixel pitch giving an 
improved track parameter 
resolutions 

• The performances is stable               
against pile-up conditions

• The extension up to |h|<4  
enables reconstruction of 
(b)-jets, electrons and photon 
conversion in the 
forward region.

Marianna Testa



Belle

Simulation of an all-layer monolithic pixel vertex
detector for the Belle II upgrade

Ludovico Massaccesi on behalf of the Belle II collaboration

Full simulation of the upgraded
Belle II on a benchmark
channel shows significant
improvement in tracking
efficiency and resolution,

especially at low pT .

The VTX all-pixel concept is proposed to
replace the current Belle II pixel-and-strips

vertex detector.
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Performance of Highly Irradiated FBK 3D and Planar Pixel Detectors
Rudy Ceccarelli on behalf of the CMS Tracker Collaboration

� Two types of pixel sensors are considered for the future CMS Inner Tracker, during High Luminosity LHC:
� Traditional planar pixel sensors

� 3D pixel sensors  ՜ Higher radiation resistance, but more expensive production

� Irradiated FBK 3D and planar pixel sensors, interconnected to the RD53A readout chip, were tested at DESY

� In this poster, test beam results of these modules are reported

� These studies will help the optimization of the pixel sensor technology to use in the future CMS tracker

Performance of Highly Irradiated FBK 3D and Planar Pixel Detectors

Rudy Ceccarelli on behalf of the CMS Tracker Collaboration

PM2021 ʹ 15th Pisa Meeting on Advanced Detectors

Overview

Irradiated 3D Pixel Modules

Irradiated Planar Pixel Modules

� Two types of pixel sensors are considered for the future CMS Inner Tracker, during High Luminosity LHC:

� Traditional planar pixel sensors

� 3D pixel sensors  ՜ Higher radiation resistance, but difficult and expensive production

� The baseline pixel geometry is ʹͷ ൈ ͳͲͲ Ɋ�ଶ with ͳͷͲ Ɋ� active thickness

� Pixel sensors studied for this work, both 3D and Planar, were developed in a collaboration between INFN and FBK Foundry

� The pixel sensors were interconnected (though bump-bonding) with the RD53A readout chip

� The pixel modules were tested on beam at DESY, after being irradiated up to ૛૝ ൈ ૚૙૚૞ ૛ିܕ܋ܙ܍ܖ (using 23 MeV protons at KIT)

More details on the future 
CMS Inner Tracker in 
�ŶƚŽŶŝŽ��ĂƐƐĞƐĞ͛Ɛ�

poster!

� Four irradiated planar pixel modules were tested on DESY beam

� dǁŽ�ǁŝƚŚ�ƚŚĞ�͞ƐƚĂŶĚĂƌĚ͟�ĚĞƐŝŐŶ�ĂŶĚ�ƚǁŽ�ǁŝƚŚ�ƚŚĞ�͞ďŝƚƚĞŶ͟�design

� In order to reach a hit detection efficiency ൐ ͻͺΨ :

� �ୠ୧ୟୱ ൐ ʹͲͲ � after a fluence of ૠ ൈ ૚૙૚૞ ૛ିܕ܋ܙ܍ܖ

� �ୠ୧ୟୱ ൐ ͷͲͲ � after a fluence of ૛૝ ൈ ૚૙૚૞ ૛ିܕ܋ܙ܍ܖ

� Planar pixel modules can survive HL-LHC Runs 4+5 (ʹʹͲͲ ��ିଵ Ϳ�͙�

� ͙ŝŶ�ƚŚĞ�ŝŶŶĞƌŵŽƐƚ�ƚƌĂĐŬĞƌ�ůĂǇĞƌ�;ŽŶůǇ�ϯ�Đŵ�ĨƌŽŵ�ƚŚĞ�ďĞĂŵ�ůŝŶĞͿ

� However, very high bias voltages are required 

� Cooling becomes challenging, especially in the innermost tracker layer 

� Three  irradiated 3D pixel modules were tested on DESY beam

� In order to reach a hit detection efficiency ൐ ͻͺΨ :

� �ୠ୧ୟୱ ൐ ͳͳͲ � after a fluence of ૚૞ ൈ ૚૙૚૞ ૛ିܕ܋ܙ܍ܖ

� �ୠ୧ୟୱ ൐ ͳ͸Ͳ � after a fluence of ૚ૡ ൈ ૚૙૚૞ ૛ିܕ܋ܙ܍ܖ

� ��ƐƵĚĚĞŶ�ŝŶĐƌĞĂƐĞ�ŝŶ�ƚŚĞ�ŶƵŵďĞƌ�ŽĨ�ŶŽŝƐǇ�ĐŚĂŶŶĞůƐ�ǁĂƐ�ŽďƐĞƌǀĞĚ͙

� ͙Ăƚ�ŚŝŐŚ�ďŝĂƐ�ǀŽůƚĂŐĞƐ�;ŐƌĞĂƚĞƌ�ƚŚĂŶ�ͳ͵Ͳ െ ͳ͹Ͳ �, depending on the module)

� The problem was more severe with Stepper-1 modules ( ൐ ͳͲΨ of channels)

� The cause is still under investigation: might be related to the very high TID

� ାܖ and ܘା columns penetrate the substrate from the same silicon face

� Two FBK 3D productions: Stepper-1 and Stepper-2

� Step-And-Repeat photolithography technology

� Same pixel design, but in Stepper-2 production the distance             

between ܖା columns and the backside of the sensor 

(low resistivity silicon) is increased

Reduced
Cross-Talk effect!

Very high TID!

3D pixel modules are now the 
baseline option for this region

Photo from wafer3D pixel layout

Dashed lines refer to measurements with 
the DUT rotated with respect to the beam

Bitten Design: 
zoom-in of the 

bitten ࢔ା implant

Standard Design
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• The ATLAS experiment will undergo substantial upgrades to cope with the 

higher radiation environment and particle hit rates foreseen for HL-LHC. The 

phase II upgrade will include the replacement of the inner detector with a 

completely new silicon-based tracker. The ATLAS phase II Inner Tracker (ITk) 

will consist of hybrid pixel detectors and silicon strip detector layers. The 

innermost five-barrel layers and several endcap rings will be equipped with 

hybrid pixel detector modules. 

• The modules are consisting of bare silicon modules connected to flexible 

printed circuits. Bare silicon modules are made of a silicon pixel sensor 

connected to either four FE chips to form a quad module or one FE chip to 

form a single chip module. 

• The ITk phase II pixel community has conducted many developments geared 

towards meeting the necessary module production quality and throughput. 

These include establishing quality checking routines of bare module 

components, tooling developments for their assembly as well as electrical 

testing infrastructure to assess their operability to specification.

• A dedicated program to set in motion this effort and streamline these various 

stages was established using the RD53A front-end chip. Subsequent test and 

assembly work is being carried out using the ITkPix chips which are final size 

FE chips. Numerous developments in the module assembly tooling, testing 

infrastructure and intermediary production stages have taken place in 

preparation for the ATLAS ITk pixel phase II upgrade module production.

Module development for the ATLAS
Phase II Pixel Inner Tracker

Abhishek Sharma, 15th Meeting on Advanced Detectors, May 2022 1

Module Assembly

Module Testing

Abhishek Sharma



An environmental monitoring and control system for 
the ATLAS Outer Barrel QC and Integration
Diego Alvarez Feito, Susanne Kühn, Nicola Pacifico, Jarl N. Pettersen, Xavier Pons, Benedikt Vormwald

CERN - European Organization for Nuclear Research

For the ATLAS ITk Outer Barrel loaded local supports QC and 

integration, a modular DCS/Interlock system was developed 

by CERN EP-DT to monitor the environmental parameters 

and intervene in case of anomalies that could result in 

damage to the structures.

In order to guarantee the required scalability and modularity, the system 

has been implemented using Programmable Logic Controllers (PLC) with a 

WinCC OA Interface.

The system will be used either as a standalone unit for loaded local or 

paired with a dedicated NTC readout matrix (LISSY) during integration of 

the Outer Barrel layers.

Nicola 
Pacifico



Outer End caps (UK)

Inner system (US)

ITk Pixel Demonstrators RD53A serial powering with 
quad modules

Serial powering chain with irradiated RD53A modules

ITkPixv1.1 (RD53B) serial powering quads

Serial powering and services 
scheme for ITk Pixel quad 
modules. serial powering 
chains of quad modules are 
constructed with up to 13 
modules 

The ATLAS tracking system will be replaced by an all-silicon detector for the HL-LHC upgrade around 2025. The 
innermost five layers of the detector system will be pixel detector layers which will be most challenging in terms of 
radiation hardness, data rate and readout speed. A serial powering scheme will be used for the pixel layers to reduce 
the radiation length of the detector and the power consumption in the cables. The elements required to operate and 
monitor a serially powered detector are being prototyped for all ITk subsystems to verify and test the concepts 
involved.

Jon Taylor



Fabrication of all Carbon sensors

Timing characterization  

Simulation of full signal formation 
chain and comparison with data  

Construction and characterization of high 
time resolution 3D diamond pixel detectors

Lucio Anderlini, Marco Bellini, Chiara Corsi, Stefano Lagomarsino, Chiara Lucarelli (chiara.lucarelli@fi.infn.it), 
Giovanni Passaleva, Silvio Sciortino, Michele Veltri

We present the results on the characterization of innovative 3D pixel diamond detectors optimised for
timing applications, fabricated by laser graphitisation of resistive electrodes in the bulk of 500 ʅŵ thick
single-crystal diamonds. The combination of diamond with 3D geometry allows to exploit its excellent
timing properties and to enhance its well-known radiation hardness, as required by the challenge posed
by the unprecedented density of charged particles foreseen at the next generation of experiments.

EfficiencyAmplitude distribution

ʍt=82±2 ps

Chiara Lucarelli



Matthew Addison1, Cinzia Da Via1, Adriano Lai2, Gian-Franco Dalla Betta3, Michela Garau2, Andrea Lampis2, Mauro Aresti2, Alessandro Cardini2, Angelo Loi2, Gian Matteo Cossu2.
1. Physics and Astronomy, The University of Manchester, UK   2. INFN, Cagliari, Italy  3. University of Trento, Trento, Italy

The development of high precision, fast-timing 
3D silicon sensors with a focus on the high 
luminosity upgrades of the ATLAS detector

High luminosity upgrades at the LHC require the development 
of fast-timing, radiation-hard detectors. 3D silicon sensors are 
being development that have the capabilities to withstand the 
project new radiation levels of HL-LHC, and keep within the 
estimated required timing response of 50 ps.

At the INFN in Cagliari, position-resolved timing characterisation 
tests were performed on individual pixels of hexagonal and 
trench 3D silicon sensors. An infra-red laser was used to deposit 
energy equivalent to 1 MIP, with a spatial resolution of 1 μm 
and a custom designed fast read-out electronics chip.

ToA[ps]
ToA[ps]

Matthew Addison



Tracking the Time: Single cell 3D pixel time resolution and Landau 
contribution evaluation via test-beam and laboratory measurements

Efrén Rodríguez Rodríguez

15th Pisa Meeting on Advanced Detectors
23/05/2022

� 3D Sensors for timing: Small introduction on structure and functioning

� Setup and results of a first analysis of this sensors by ᄡ source characterization

� Setup for TestBeam with timing telescope (2 LGADs) and alignment and trigger through a pixelated 3d 

plane (FEi4). Acquisition made with an oscilloscope for 2 single 3D pixel and 2 LGADs

� Setup for 2nd TestBeam with timing telescope (2 LGADs) and  spatial EUDET telescope aiming to track with 

7 Ьm position resolution

� Trigger with 2 scintillators and small ROI on FEi4 board to increase efficiency after alignment of 3D sensors

� EUDET Telescope has 6 MIMOSA planes (1 not working) used to achieve in preliminary results a single hit 

ƂĎƊŜŉƞƖĳŜœ΅α̋΅Ьm 

� Results soon to be published

� 3 more test beam campaigns planned for 2022 with EUDET

Tracking the Time: Single cell 3D pixel time resolution and Landau contribution evaluation 
via test-beam and laboratory measurements

The proven potential of 3D geometries at higher than 1016 neq/cm2 radiation fluences, in combination with a small cell approach, makes them an excellent choice for a combined precision
timing tracker. In this study, the timing resolution of a single 50 x 50 ȝP 3D pixel cell is presented in various temperatures through charge collection measurements with discrete electronics
in a laboratory setting. The series is complemented by an extensive test-beam campaign with 160 GeV SPS pions, using a multi-plane timing telescope with an integrated pixelated matrix.
Through a varied incidence angle study, field uniformity, Landau contribution and collected charge are treated at incidence angles of +/- 12º. Using state of the art numerical methods, the
choice of instrumentation on signal composition and induced bias on results is also evaluated. Finally, with the help of the EUDET telescope, a detailed timing, field and efficiency map is
presented with a 5 ȝP spatial resolution through MIMOSA CMOS tracking at CERN SPS pion beams.

3D Sensors for timing

Pros
��+LJK�UDGLDWLRQ�WROHUDQFH�XS�WR�VHYHUDO
times 1016 neq/cm2

��6KRUW�GULIW�GLVWDQFHV�ZLWK�IDVW�ULVH�WLPHV
��5HGXFHG�/DQGDX�IOXFWXDWLRQ��SUDFWLFDOO\�
non-existent for perpendicular tracks

Cons
��1RQ-uniform field geometry
��+LJK�FRVW
��,QFUHDVHG�FHOO�FDSDFLWDQFH
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Email: efren.rodriguez.rodriguez@cern.ch
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Laboratory analysis

1st TestBeam

Data Acquisition
����/*$'V�Æ coincidence trigger at 100% efficiency threshold 
��(DFK�WULJJHU�Æ Record RAW waveform binary data 4 objects 
��0LQLPXP��0�HYHQWV�UHFRUGHG�IRU�HDFK�SRLQW�WR�HQVXUH�
adequate statistics (geometric efficiency of 3D ~0.01%)
��$OLJQPHQW�RI�WKH��'�FHOOV�LV�YHULILHG�XVLQJ�WKH�SL[HODWHG�SODQH

1st Lab timing 
measurements 

presented and look 
extremely promising

2 Testbeam campaigns 
completed with tracking 
and results soon to be 

published

A new multi-channel 
(x16) versatile board 
has been developed 

and is at the final stages 
of testing, suitable for 
3D and planar timing 

applications

3 more test beam 
campaigns planned for 
2022 with EUDET ± We 

are open to 
partnerships!!

Non-irradiated 3D 
studies are completed, 

sensors are being 
currently irradiated up to 
1e17 with protons and 

neutrons

New production planned 
for mid-2022, tender will 

be out soon and we 
invite ALL producer to 

participate

2nd TestBeam

LGAD planes for timing

FEi4 pixelated Plane

3D Single Cell structures

MIMOSA planes for tracking

Aim of the Test-Beam
��7HVW�6LQJOH�3L[HO����[����ȝP 3D
��7UDFNLQJ�ZLWK��ȝP�SRVLWLRQ�UHVROXWLRQ
��7LPLQJ�ZLWK�/*$'�WHOHVFRSH
��6WXG\�VXE-pixel timing map and uniformity

Telescope Planes
��6 MIMOSA planes for tracking
��3ODQH�QR����NQRZQ�WR�EH�EDG
��Expected 5ȝm tracking resolution
��(VWLPDWHG�DFTXLUHG�QXPEHU�RI�HYHQWV�a�0

Tracking & alignment Preliminary results

Track reconstruction
Looking promising,
Single MIMOSA plane 
resolution ~5µm
(Using data from ROI 
region only) [4]

Figure 1: Cross-section of 3D pixel n-on-p, 50 x 50 ȝP [1]
Figure 2: 3D Pixel picture

Figure 4: Laboratory setup for ᄡ source test

Figure 6: CDF from single 3D pixel against LGAD

Figure 6: Schematics for 1st TestBeam setup

Figure 7: 3D squematics for 1st TestBeam sensor setup

Figure 8: Layout of 2nd TestBeam setup, using EUDET Telescope

Timeline

Figure 9: Mimosa planes data example, one broken plane Figure 10: ROI alignment representation in FEi4 plane

Figure 11: Single 3D pixel effect on FEi4 board

Figure 12: Preliminary signal reconstruction for the 3D sensors

Figure 13: Preliminary track reconstruction 
residuals for one MIMOSA plane

MIMOSA26 1 Raw Hitmap MIMOSA26 2 Raw Hitmap

MIMOSA26 3 Raw Hitmap MIMOSA26 4 Raw Hitmap

MIMOSA26 5 Raw Hitmap MIMOSA26 6 Raw Hitmap

Signal Reconstruction 
for 3D sensors
Acquisition frame from 
oscilloscope (~850.000 
ROI events)

Data Acquisition
��7ULJJHU�E\�FRLQFLGHQFH�LQ���VFLQWLOODWRUV�DQG�52,�LQ�)(L��ERDUG
��([WUHPHO\�VPDOO�52,�UHTXLULQJ�ODUJH�GDWD�WDNLQJ�
periods for sufficient statistics ( Efficiency ~20% )
��/*$'V�XVHG�DV�WLPLQJ�UHIHUHQFHV�VWDJJHUHG�WR�OLPLW�
Active region

Setup
��6DPH�DV��st TestBeam embedded in EUDET Telescope
��7ULJJHU�IURP�VFLQWLOODWRUV�DQG�52,
��$OLJQPHQW�WR�LPSURYH�HIILFLHQF\

Figure 2: 3D Pixel design

Figure 5: Collected charge and Rise Time (10%-90%), Single Pixel 3D (20V, -20ºC) [2]

��+LJK�IUHTXHQF\�SiGe (~2GHz) amplifier
��0HDQ�VHQVRU���DPSOLILHU�QRLVH�������P9
�������UHFRUGHG�HYHQWV�SHU�SRLQW

LGADUtils Framework

ȕ�Source Characterization

[1] G.Kramberger et al., "Timing performance of small cell 3D silicon detectors" https://arxiv.org/abs/1901.02538
[2] Gkougkousis E. - L., "Single cell 3D timing: Time resolution assessment and Landau contribution evaluation via test-beam and laboratory measurement", 17th "Trento" Workshop on Advanced Silicon Radiation Detectors, https://indico.cern.ch/event/1096847/contributions/4743685/
[3] P. Ahlburg et al., "EUDAQ²a data acquisition software framework for common beam telescopes", 2020 JINST 15 P01038 
[4] Beam Telescope Analysis Framework (BTA), https://github.com/SiLab-Bonn/beam_telescope_analysis

Efren Rodriguez 
Rodriguez
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Analysis of humidity sensitivity of silicon strip sensors for ATLAS upgrade 
tracker, pre- and post-irradiation

ABSTRACT
� During the prototyping phase of the new large area ATLAS ITk silicon strip sensors, the community observed a degradation of the breakdown voltage

when the devices with final technology options were exposed to high humidity. In 2020, the ATLAS strip sensor community started the pre-production
phase, receiving the first sensors fabricated by Hamamatsu Photonics K.K. using the final layout design. The work presented here is focused on the
analysis of the humidity sensitivity of production-like sensors with different surface properties, before and after irradiation.

DEVICES UNDER TEST
� Special batch fabricated by Hamamatsu Photonics K.K., implementing variations during the fabrication process to obtain different surface characteristics,

such as ³VSHFLDO WUHDWPHQW´ (Type A, production-like), ³DGGLWLRQDO WUHDWPHQW´ (Type $¶�� ³VSHFLDO PDVNLQJ´ (Type B), ³WKLFNHU SDVVLYDWLRQ´ (Type C) and
³S-spray DGGLWLRQ´ (Type D high and low). Several sensors tested for each type.

RESULTS PRE-IRRADIATION
� Humidity Sensitivity and training effect: All sensor types tested at low (<10%), cleanroom (35-45%) and high (50-60%) humidity. After high humidity

exposure, test repeated at low humidity several times to study the benefits of the ³WUDLQLQJ´. Type D low shows the better performance at cleanroom and
high humidity. Type C the fastest recovery.

� Short-term (40h) high humidity exposure: All sensor types tested at low (<10%) and high (50%) humidity. Then, exposed 40h to high humidity and re-
tested at high and low humidity. All sensor types showing similar breakdown at high humidity before and after exposure.

RESULTS POST-IRRADIATION
� Prototype sensor irradiated with protons up to 5e14 neq/cm2 was tested at different humidity levels, showing no sensitivity after irradiation.
CONCLUSIONS
None of the different processing splits seems to completely mitigate the humidity sensitivity, but some surface characteristics can improve the breakdown
voltage dependence and recovery:
9 A low dose of p-spray (Type D low) substantially improves the breakdown voltage deterioration at cleanroom and high humidity. P-spray could prevent

the accumulation of hydrogen ions in presence of humidity, reducing the sensitivity.
9 Sensors with thicker passivation (Type C) show the fastest performance recovery after humidity exposure.
9 All sensor types show similar breakdown voltage before and after 40h of humidity exposure, also showing a fast recovery in low RH.
9 Prototype sensor irradiated with protons shows no sensitivity to humidity changes, suggesting a progressive improvement during irradiation. Sensors with

different surface characteristics and irradiated to different fluences are currently under test, and results will be incorporated to the manuscript.

SUMMARY POSTER ID130 ± 15th Pisa Meeting on Advanced Detectors (PM2021), May 22nd -28th 2022

Analysis of humidity sensitivity of silicon strip sensors for 
ATLAS upgrade tracker, pre- and post-irradiation
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Humidity Sensitivity

Conclusions

J. Fernández-Tejero1,2*, A. Affolder3, E. Bach4, M. Basso5, A. Bhardwaj5, V. Cindro6, A. Dowling3, V. Fadeyev3, C. Fleta4,            
A. Fournier1,2, K. Hara7, C. Jessiman8, J. Keller8, D. Kisliuk5, C. Klein8, T. Koffas8, J. Kroll9, V. Latonova9,10, K. Mahtani5,            
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Results

ATLAS ITk prototype sensors
(ATLAS12 and ATLAS17)
showed a breakdown voltage
degradation in presence of
humidity. A previous extensive
study* demonstrated:

None of the different processing splits seems to completely mitigate the humidity sensitivity, but some surface characteristics can improve the
breakdown voltage dependence and recovery:

AbstractDuring the prototyping phase of the new large area ATLAS ITk silicon strip sensors, the community observed a degradation of the breakdown
voltage when the devices with final technology options were exposed to high humidity, recovering the electrical performance prior to the exposure
after

Devices Under Test

Pre-irradiation

Post-irradiation

Special
treatment

Additional
treatment

Special
masking

Thicker
passivation

p-spray
addition

Pre-production

Type A
(Production)

X

7\SH�$· X X

Type B X X

Type C X X

Type D high X X (high)

Type D low X X (low)

after a short period in dry conditions. In 2020, the ATLAS strip sensor community started the pre-production phase, receiving the first sensors fabricated by Hamamatsu 
Photonics K.K. using the final layout design. The work presented here is focused on the analysis of  the humidity sensitivity of  production-like sensors with different surface 
properties, before and after irradiation, providing new results on their influence on the humidity sensitivity observed during the prototyping phase.
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ATLAS17LS

� Fast recovery of performance in dry atmosphere
� Baking or cleaning treatments accelerate the

recovery, but do not mitigate sensitivity
� Prolonged biasing of sensors at high humidity can

cause irreversible degradation
� Thermal images in breakdown behavior at high

humidity revealed hotspots in the edge region
� Possible mechanisms responsible could be related to

characteristics and conformity of the passivation
layers (triggering the study presented here)

Special batch fabricated by Hamamatsu Photonics K.K. using
the final layout design, but implementing variations during the
fabrication process to obtain different surface characteristics,
such as special masking, thicker passivation or p-spray
treatment. Several sensors tested for each type: 3 Type A, 3
Type $·� 5 Type B, 5 Type C, 2 Type D high and 3 Type D low.

ATLAS12 prototype sensor irradiated with protons up to 5e14
neq/cm2 was tested at different humidity levels, showing no
sensitivity after irradiation.

At the time of preparing this poster contribution, the sensor
community is testing irradiated sensors with different surface
characteristics. Results will be incorporated in the manuscript.
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PROTON 5e14 neq/cm2

Prototype ATLAS12EC

Breakdown at
Low RH

Breakdown at
Cleanroom RH

Breakdown at
High RH

Consecutive IVs
needed to recover

�´WUDLQLQJµ�

Type A
(Production) >1000 V 600 ± 100 V 530 ± 120 V 2 IVs

7\SH�$· >1000 V 575 ± 75 V 410 ± 40 V 3-4 IVs

Type B >1000 V 590 ± 60 V 490 ± 110 V >5 IVs

Type C >1000 V 560 ± 60 V 450 ± 50 V 1 IV

Type D high >1000 V 600 ± 50 V 550 ± 50 V 2 IVs

Type D low >1000 V 725 ± 25 V 625 ± 75 V 2-4 IVs

Humidity sensitivity and training effect

Short-term (40h) high humidity exposure
All sensor types tested at low (<10%) and high (50%) humidity. Then, exposed 40h to high
humidity and re-tested at high and low humidity. All sensor types showing similar breakdown at
high humidity before and after exposure.

9 A low dose of p-spray (Type D low) substantially improves the breakdown voltage deterioration at cleanroom and high humidity. P-spray could prevent the
accumulation of hydrogen ions in presence of humidity, reducing the sensitivity

9 Sensors with thicker passivation (type C) show the fastest performance recovery after humidity exposure
9 All sensor types show similar breakdown voltage before and after 40h of humidity exposure, also showing a fast recovery at low humidity
9 Prototype sensor irradiated with protons shows no sensitivity to humidity changes, suggesting a progressive improvement during irradiation. Sensors with different

surface characteristics and irradiated to different fluences are currently under test, and results will be incorporated in the manuscript

All sensor types tested at low (<10%), cleanroom (35-45%) and high (50-
60%) humidity. After high humidity exposure, test repeated at low
humidity several times to study the benefits of the ´WUDLQLQJµ.
The table below shows in green/red the best/worst types for each case,
respectively:

* J. Fernandez-Tejero, et al., NIM A 978 (2020) 164406

This work was supported by the Canada Foundation for Innovation and the Natural Science and Engineering Research Council of Canada as well as the Alexander von Humboldt Foundation. The authors would like to thank the crew at the TRIGA reactor in Ljubljana for help with the irradiation
of the detectors. The Authors acknowledge the financial support from the Slovenian Research Agency (research core funding No. P1_0135). The work at SCIPP was supported by the Department of Energy, grant DE-SC0010107. The Ministry of Education, Youth and Sports of the Czech
Republic coming from the projects LTT17018 Inter-Excellence and LM2018104 CERN-CZ and by Charles University grant GAUK 942119. This work is part of the Spanish R&D grant PID2019-110189RB-C22, funded by MCIN/ AEI/10.13039/501100011033.
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E↵ect of irradiation and annealing performed with bias voltage applied across the
coupling capacitors on the interstrip resistance of ATLAS ITk silicon strip sensors

4 ATLAS17LS miniature sensors developed by the ATLAS ITk strip collaboration were gamma
irradiated by 60Co source to the TID of 57.2 Mrad - samples W213 and W214 were irradiated
with Vbias = 0.5 V applied across their coupling capacitors.

All irradiated samples were annealed for 80 minutes at +60°C, with the Vbias = 0.5 V applied
across the coupling capacitors of roughly half of the strips of samples W213 and W214 during
the annealing process.

Measured data indicates that Rint values of samples irradiated with Vbias applied over the
coupling capacitors are reduced by 25% compared with samples irradiated without Vbias.

Application of Vbias during the annealing process seems to compensate this e↵ect - the ratio
between averaged Rint value measured for sensor W213 (W214) and the averaged Rint

obtained for W215 and W219 with no wire bonds is 0.90 (1.07) and 0.62 (0.87) for strips
annealed with and without the Vbias applied across the coupling capacitors, respectively.

The presented findings confirm our planning and viability of the sensor technology for the
ATLAS ITk strip program.

Jiri Kroll 

Characterizationof thePolysiliconResistor inSiliconStripSensors forATLASInner
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Introduction
The high luminosity upgrade of the Large Hadron Collider, foreseen to start in 2029, requires the replacement of the ATLAS Inner Detector with a new all-silicon Inner

Tracker (ITk). Radiation hard n
+

-in-p micro-strip sensors were developed by the ATLAS ITk strip collaboration and are produced by Hamamatsu Photonics K.K. The active

area of ITk strip sensor is delimited by the n-implant bias ring, which is connected to each individual n
+

implant strip by a polysilicon bias resistor. The total resistance of

the polysilicon bias resistor should be within a specified range to keep all the strips at the same potential, isolate individual strips well and keep the noise acceptably small

due to the resistance.
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Motivation
While the polysilicon is a ubiquitous semiconductor material, the radiation damage

and temperature dependence of its resistance is not easily predictable, especially

for the tracking detector with the operational temperature significantly below the

values typical for commercial microelectronics. Dependence of the resistance of

polysilicon bias resistor on the temperature, as well as on the total delivered flu-

ence and ionizing dose, was studied, both before and after irradiation by protons,

neutrons, and gammas to the maximal expected fluence of 1.6·10
15

1-MeV neq/cm
2

and ionizing dose of 0.66 MGy.

Measurement Procedure

• The measurement was performed on special

structures called Test Chips, in temperature

range between ≠50
¶
C and +25

¶
C.

• The bias resistance is measured by setting pad 1

to ground and performing a test voltage sweep

on pads 2 to 7 while measuring the test current.

Example of Test IV Curves Measured at Di�erent
Temperatures

• The resulting bias resistance value for

each temperature is calculated from

the slope of measured test voltage vs

test current (Test I) as

Rbias =
! dI

dV

"≠1
.

Aims And Objectives
• Determine the activation energy of the polysilicon material.

• Find a function which describes the dependence of the polysilicon bias resistance value on temperature and irradiation.

æ With the help of the extracted parameters predict the behavior of the polysilicon bias resistance in the ATLAS Inner

Tracker.

For the purpose of this study 14 test chips
ú

were irradiated by gammas from
60

Co source at UJP Praha, reactor neutrons at

Ljubljana JSI TRIGA Reactor, 27 MeV protons at Birmingham and 70 MeV protons at CYRIC.

ú M. Ullan et al., Nuclear Inst. and Methods in Physics Research, A 981 (2020) 164521

Temperature Dependence of Rbias And Activation Energy of Polysilicon

• The Rbias dependence on temper-

ature was fitted using the exponen-

tial function:

Rbias(T ) = a · exp

3
b

T

4
,

from which the activation energy

was determined as

Ea = 2 · k · b,

where k is the Boltzmann con-

stant.

Extracted activation energies
Unirradiated test chips

Test Chip Ea[·10
≠3

eV]

VPX32483-W00001 58.7 ± 1.1

VPX33426-W00082 55.6 ± 0.9

VPX34148-W00201 53.8 ± 0.6

Gamma irr. test chips

Test Chip Dose

[Mrad]

Ea[·10
≠3

eV]

VPX32418-W00144 66 58.9 ± 0.2

VPX33426-W00073 66 55.7 ± 0.6

Neutron irr. test chips

Test Chip Fluence

[·10
14

neq/cm
2
]

Ea[·10
≠3

eV]

VPX32421-W00371 5.1 56.9 ± 0.3

VPX32426-W00367 16 55.9 ± 0.2

Proton irr. test chips

Test Chip Fluence

[·10
14

neq/cm
2
]

Ea[·10
≠3

eV]

VPX32423-W80366C 4.57 58.0 ± 0.2

VPX32587-W00064C 5.02 58.1 ± 0.6

VPA37915-W00314B 5.1 50.6 ± 0.3

VPA37915-W00306B 5.1 52.8 ± 0.4

VPA37915-W00295C 8.34 57.0 ± 1.4

VPX37425-W00755C 8.34 56.4 ± 0.6

VPX32425-W00317C 14.4 58.1 ± 0.5

VPX32471-W00051C 14.9 57.7 ± 0.3

VPA37915-W00333B 16 53.0 ± 0.4

VPA37915-W00340B 16 51.8 ± 0.4
B Test chips irr. at Birmingham,
C Test chips irr. at CYRIC

æ Average value of the activation energy

is Ea = (55.8 ± 0.1) · 10
≠3

eV.

æ Activation energy is independent of ir-

radiation type.

æ Slight deviations in measured values

are caused by di�erent set-ups at test-

ing sites.

Prediction of Temperature Development of Rbias for All Samples

• It has been shown that the general function describing the development of Rbias with
temperature has the form:

R(T ) = a · exp
1

b
T

2
(1)

• Let us assume that b as a material constant has the same value for all samples.
• For one chosen sample we take Rbias = Rm at a temperature Tm.
æ Then from eq. (1) we get:

a = Rm

exp
!

b
Tm

" (2)

• By inserting eq. (2) into eq. (1), we can write for all other samples:

R(T ; Tm, Rm) = Rm

exp
!

b
Tm

" exp
1

b
T

2
= Rm(Tm) · exp

1
b
T

≠ b
Tm

2
(3)

• Measured Rbias values of each test chip were com-

pared with a curve obtained from the formula (3):

R(T ; Tm, Rm) = Rm(Tm) · exp

1
b
T ≠ b

Tm

2
, where Rm is

Rbias value of individual test chip measured at tempera-

ture Tm.

• For Rm we used the bias resistance value at temperature

Tm ¥ ≠20
¶
C.

• For the parameter b in eq. (1) we used the value

b = 312.2 K obtained from the fit of data measured for

unirr. sensor.

æ Predicted Rbias development matches very well with the

measured values.

Rbias vs Dose
Dependence of Rbias on irr. dose for T ¥ ≠20 ¶C.

• No significant change of Rbias values with irr. dose ob-
served.

Ratio of two Rbias values of the same sample at di�erent
temperatures vs irr. dose.

• Activation energy does not change with irradiation.

Note: In case of proton irr. test chips the ionizing doses were obtained from fluences using the formula: TID = �
Ÿ

!
dE
dx

"
Ep

.

The TID in neutron irr. test chips due to secondary particles has been assessed to be 100 krad per 1 · 1014 neq/cm2.
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Conclusion
• The activation energy of polysilicon has been determined as Ea = (55.8 ± 0.1) · 10

≠3
eV.

• The value of polysilicon bias resistance decreases as exp
!

b
T

"
with increasing temperature.

• The dependence of polysilicon bias resistance on temperature can be calculated for any sample

from one measured value of bias resistance Rm at a temperature Tm using:

R(T ; Tm, Rm) = Rm(Tm) · exp

3
b

T
≠ b

Tm

4

• For a given temperature, the value of polysilicon bias resistance does not change with fluence or

TID.

• Activation energy does not depend on irradiation and particle type.



Test and extraction methods for the QC 
parameters of silicon strip sensors for ATLAS 
upgrade tracker
� ATLAS Inner Tracker (ITk) fully silicon upgrade includes 22000 strips sensors that all need to be evaluated for 

quality control (QC) at various institutes with different setups
� For this, a QC framework has been developed to take data files produced with QC tests and use algorithms 

to extract parameters, evaluate specification compliance, upload to a common database, and do batch 
reporting 

� In particular, algorithms were developed to aid with the most common tests: IV, CV, individual strips, current 
stability, and metrology.

� For IV tests, several algorithms for determining breakdown voltage were explored and evaluated for 
robustness and accuracy

� For individual strip tests, particular work has gone into identifying the type of fault from various 
combinations of measurements of the AC metal current and the RC network

� Reporting summarizes all QC tests for a batch concisely for QC approval, which is done batch-by-batch
� Reporting gives interactive diagnostic histograms and plots by batch to allow technicians to qualitatively 

detect outliers or batch issues not immediately obvious to algorithms. 
� Scripts have successfully processed 2500 preproduction and production sensors in 7 institutes and we are 

about to begin production.

� QC approval done on batch-by-batch basis

� Reports show interactive diagnostic 
histograms and plots by batch

� Allows humans to visually detect batch 
issues and outliers not immediately 
obvious to an algorithm

� Reporting tool designed to provide a concise 
table summary and plots of all tests in a 
batch in a single place for monitoring

� Scripts allow for direct interactive access 
to database data in python for studies

5. Batch Reporting

Test and extraction methods for the QC parameters of silicon strip 
sensors for ATLAS upgrade tracker
D. Rousso, D. M. Jones, P. Federicova, B. Hommels, A. Affolder, K. Affolder, P.P. Allport, J. Bernabeu, A. Dowling, V. Fadeyev, J. Fernandez-Tejero, A. Fournier, 
W. George, M. Gignac, L. Gonella, J. Gunnell, K. Hara, S. Hirose, T. Ishii, J. Johnson, S. Kachiguin, N. Kang, I. Kopsalis, J. Kroll, J. Kvasnicka, C. Lacasta, 
V. Latonova, F. Martinez-Mckinney, M. Mikestikova, K. Nakamura, K. Saito, C. Solaz, U, Soldevila, M. Ullan, Y. Unno, J. Yarwick

1. Motivation and the ATLAS ITk Strips Sensors

� ATLAS Inner Tracker (ITk) fully silicon upgrade comprises pixel
and strip sensors

� Strips comprises 22000 sensors of 8 types (2 barrel and 6 endcap)

� Each sensor to be evaluated for quality control (QC) at various 
institutes with various test setups

� For this, developed common framework with common algorithms to 
objectively assign pass/fail, interface with common database, and do 
reporting 

� Scripts have proven a robust, reliable, and intuitive interface for reporting and monitoring, 
and have already been instrumental in helping catch subtle issues with sensors and testing 

� Have already processed 2500 sensors through preproduction and production in 7 
institutes in 5 countries

� Undergoing continuous development to add new features useful to QC sites as we enter 
production

6. Current Status
[1] CERN-LHCC-2017-005 ; ATLAS-TDR-025
[2] 10.1016/j.nima.2016.03.042
[3] 10.1016/S0168-9002(00)01207-9
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2. Workflow
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3. Treatment of Current-Voltage (IV) Tests
Method B: (modified from [3])
௕ܸௗ is earliest ௝ܸାଵ that satisfies 

௝ାଵܫ െ ௝ܫ
௝ܸାଵ െ ௝ܸ

ൊ
௝ାଵܫ
௝ܸାଵ

൐ ͷ

i.e. local slope at point divided 
by slope of line from origin to 
SRLQW��´WRWDO�GHULYDWLYHµ��!���

Method A: (modified from tech spec.)
௕ܸௗ is earliest ௝ܸ ൏ െͳͲͲ � that satisfies 
ͳ
͵ ෍
௞ୀ௝ିଵ

௝ାଵ
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௞ܸାଵ െ ௞ܸ ௠௜௡

൐ ͷ

i.e. avg of 3 local slopes around point 
divided by min local slope

Method C: (modified from B)
௕ܸௗ is earliest ௝ܸାଵ that satisfies 
௝ାଵܫ െ ௝ܫ
௝ܸାଵ െ ௝ܸ

ൊ
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i.e. B but with averaging, and 
running threshold to compensate for 
gradually decreasing total derivative

� Various algorithms for calculating ࢊ࢈ࢂ explored

� Method B and C equally reliable, but C is 
chosen due to better expected robustness
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4. Treatment of Individual Strip ICR Tests

Total # bad strips      < 1%
# Bad strips in a row < 8
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� AC-coupled metal strips 
probed automatically to 
characterize strip RC
network and AC current

� Combinations of this info 
lets scripts distinguish 
different failure modes 
(metal short, implant break, 
short, pinhole, Rbias defect), 
and measurement issues
Being able to see geometric correlation 

helps gives leads in investigating

Spec-compliant, 
but visibly-obvious 
outliers

Bimodal 
distribution 
of depletion 
voltage (not 
obvious in 
CV curves) 
possibly 
hints at 
different 
ingots

David Rousso



Punit Sharma , on behalf of the ATLAS collaboration
Electrical Characterization of Pre-Production Staves for the ATLAS ITk Strip Detector Upgrade

ITk BARREL STAVES ASSEMBLY AT BNL
� In the assembly stage, modules are 

precisely glued on the stave-core 
while making the electrical 
connections at the same time. 

� The first Pre-Production stave was 
assembled at BNL with the long strip
modules with ABCStarV1.

� Mounting was only done for the 
side J and the mounting on the side 
L will be done in May.

Side J of LS stave being assembled at BNL.

ITk BARREL STAVES TESTING AT BNL

ITk BARREL STAVES TESTING SETUP AT BNL
� The Stave is tested in the coldbox which acts a Faraday cage  

with Relative Humidity and Temperature control.
� The EoS hosts the Low Power Giga Bit Transceiver (lpGBT), 

a radiation tolerant ASIC that is used to implement 
multipurpose high speed bidirectional optical links 
between the DAQ (Genesys or FELIX) and the front-end 
ASICs.

� The data from the lpGBT is decoded at the DAQ, which is 
then passed on to the DAQ software(ITSDAQ or YARR) for 
analysis

Electrical stave built at BNL in the early 2022 with only side J loaded

Stave Coldbox

� The stave was tested at T=20C and T=-26C (temperature of the 
coolant at stave inlet) and V bias of -400V.

� Uniform noise performance was observed for all the modules on 
the side J and the testing setup did not add any additional noise.

� The noise performance over the 
modules on the side J was uniform. 
No anomalous behavior was 
observed.

� The side J of the stave is loaded for 
now, the slave side will be loaded in 
May 2022. 

� Once finished the stave will be 
shipped to CERN for further testing.  

Input Noise and gain from one of the 14 hybrids

Punit Sharma
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COMMISSIONING AND FIRST PERFORMANCE RESULTS OF THE NEW ALICE 
UPGRADED INNER TRACKING SYSTEM

Hartmut HILLEMANNS (CERN), on behalf of the ALICE Collaboration

• ALICE is currently carrying out the final commissioning of the upgraded 

Inner Tracking System (ITS), a new ultralight and high-resolution silicon 
tracker consisting of Monolithic Active Pixel Sensors (MAPS),  designed to 

match the requirements of the experiment in terms of material budget, 
readout speed and low power consumption of the sensors.

• ITS has in total 24120 ALPIDE MAPS Sensors, 12.5 Giga Pixels with 10.3 

m2 Active Surface

• Installation in the ALICE experiment during 1st half of 2021 after two years 
of surface commissioning

• extensive commissioning (calibration, operation, characterization and 

optimization at all levels of the detection chain, also during the LHC pilot 

beam in Oct 2021) confirms the excellent detector performance in terms of 

performance, stability, uniformity and noise

• ITS2 Detector Control System fully operational and integrated in ALICE 

DCS

ALICE© | PISA2022 | May 24, 2022 | Hartmut HILLEMANNS, CERN 1
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Test beams require precise knowledge of spatial and 
temporal position of particles. Beam telescopes provide 
these reference ➔ At DESY with insufficient temporal 
precision


HV-MAPS to trigger on any region of interest and provide 
precise timing


Two TelePix prototypes in TSI 180nm are studied:

➔ Excellent time resolution of 2.4 ns

➔ High operational region with >99.9% efficiency

➔ Superior performance of second chips with CMOS as 
input transistor for amplifier, both with particles and 
charge injections

➔ Region of interest trigger with a jitter down to 3.8 ns

➔ All requirements for the test beam fulfilled


-70 V bias, 4 GeV 
electrons

DOI:10.1016/j.nima.2007.07.115

HV-MAPS principle

Beam telescope at DESY

CMOS

TelePix 
 A fast region of interest trigger and timing layer for the 
EUDET Telescopes 

lennart.huth@desy.de
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MALTA monolithic CMOS pixel sensors in Tower 180 nm technology

MALTA sensor parameters and 
performance 
• Pixel Pitch pixel size 36.4x36.4µm2 
• Matrix size 512 x 512 pixel (MALTA1) 

and 512 x 224 pixel (MALTA2) 
• Asynchronous readout architecture to 

stream all hit data to output (trigger-less 
operation) 

• Sensors data daisy-chain for sensors-to-
sensor data transmission  

• sensor thickness optimised to 
application 50µm to 300µm on Cz-
substrate 

• full efficiency (>98%) 2 x1015neq/cm2  
• TID radiation hardness tested OK to 

100Mrad 
• time-resolution <2ns 
• threshold after irradiation 120 e-

MALTA = Radiation hard small pixel CMOS sensor for tracking

MALTA2 time resolution in beam tests ~2ns 
• Time of arrival of leading hit in the cluster w.r.t. scintillator 

reference 
• Included scintillator jitter : 0.5 ns 
• Signal latching at FPGA: 3.125/sqrt(12) = 0.9 ns 

• Timing distribution integrated on full chip after correction in X 
and Y direction: 

• Y correction due to time propagation across the column 
(linear behaviour) 

• X correction compensates for non-uniformities in chip 
response

MALTA2	Cz	NGAP	
Intermediate	doping	

300	um	thick	
2x1015	n/cm2

Increasing 
threshold

MALTA2 efficiency >98% after 2 x1015neq/cm2 irradiation

• Good performance of Cz samples at 2x1015 n/
cm2 

• Expected uniformity at lowest threshold setting  
• Cluster size increases with substrate voltage  

• Maximum at ~1.9 at 50 V at 120 e-  
• Efficiency better than 98% at 50 V bias at 120 e-

~120e- threshold

MALTA2 100um thick Cz-
substrate

unirradiated 

threshold ~170e-



Florian 
DACHS



MAPS-based tracking and vertexing for EIC
Giacomo Contin - Università di Trieste and INFN Sezione di Trieste, Italy
on behalf of the EIC Silicon Consortium and the ATHENA Collaboration

giacomo.contin@ts.infn.it

Physics goals
• High-precision primary vertex determination
• Secondary vertex separation capability

Detector requirements
• Spatial resolution:

– ��5 µm in tracking layers and disks
– ׽ 3 µm in the vertex layers

• Material budget:
– < 0 . 8 / 0 . 3 % X / X 0 per layer/disk
– < 0.1% X / X 0 per vertex layer

• Powerconsumption 20 - 40 mW/cm2

• Integration time 2 µs

Technology choice and proposed detector layout
• 65 nm MAPS near the interaction point complemented by MPGD technologies at larger radii

– 3 ultra-low mass bent MAPS layers for vertexing - 0.05% X/X0

– 2 MAPS layers for sagitta measurements - 0.55% X/X0

– 6 (hadron) + 5 (electron) MAPS disks - 0.24% X/X0

EIC Silicon R&D
• Vertex and tracking detector for EIC developed within the EIC Silicon Consortium
• Sensor development and characterization within the ALICE ITS3 framework
• Services reduction via optimised powering and readout schemes (eRD104 project)
• Detector development (eRD111 project)

– Module concept: adapt size and integrate in light support/bus
– Stave and disk concepts: segmentation for high yield, low cost, max coverage
– Mechanics and Cooling: air cooling on carbon foam

Layers Radius (cm) Length (cm)

L0, L1, L2 ~ 3.5 – 6.0 ~ 28

L3, L4 ~ 13 – 18 ~ 35 – 48

Disks In/out R (cm) z distance (cm)

6 forward ~ 3.5 - 43 ~ 25 – 165 

5 backward ~ 3.5 – 43 ~ 25 – 145 

ATHENA 
proposal

Conclusions
• EIC Vertex/Tracker proposed by ATHENA 

• Based on 65 nm CMOS stitched sensor

– Developed for the ALICE ITS3 project

– Will be adapted to EIC needs

• R&D for Module, Stave, Disk is progressing

• Novel solutions studied for readout/powering



Pixel Chamber: a solid-state active-target for 3D imaging 
of  charm and beauty

A. Mulliri, M. Arba, P. Bhattacharya, E. Casula, C. Cicalò, A. De Falco, F. Fionda, M. 
Mager, D. Marras, A. Masoni, L. Musa, S. Siddhanta, M. Tuveri, G. Usai

Pixel Chamber is conceived to be the first bubble chamber-like high-granularity 
active target based on silicon pixel sensors, capable to perform continuous, high-
resolution (O(μm)) three-dimensional tracking.

• Pixel Chamber will be a stack of 216 ALPIDE sensors: a matrix of ∼108 pixels
• R&D towards prototypes construction is ongoing. The first stack of 3 

APLPIDE has been produced

• Numerical simulations were developed and validated in laboratory to study 
cooling solutions

• High precision reconstruction of proton-silicon interactions performed with 
tracking and vertexing algorithms specifically developed for Pixel Chamber 

• Applications and future developments:
• Pixel Chamber used as fixed target coupled to a silicon telescope: 

Charm and beauty cross section measurement at CERN SPS
• Pixel Chamber used as scatterer in a Compton camera: the precision of 

the gamma source position measured with a Compton camera is 
determined by the number of gammas detected. Pixel Chamber has 
the potential to reconstruct recoiled electrons tracks with very high 
precision → can reduce the number of gamma required for the 
reconstruction → applications in astrophysics and for fast online 
imaging in hadron therapy  

• development of the first three-dimensional stack with large area 
monolithic pixel sensors ever built using large area (stitched) 
monolithic pixel sensors

Pixel Chamber stack

Proton-silicon 
interaction 
inside Pixel 
Chamber

Assembly of 
multiple Pixel 

Chambers to obtain 
a Compton camera 

scatterer
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High dynamic range radiation detector
H. Mateos, I. 3HULÀ, F. Ehrler, R. Schimassek

The chip was designed to be used in cancer treatment facilities, for
Quality Assurance as well as for monitoring of the beam during
irradiation.
The sensor integrates the charge generated by radiation. By
counting how many times a known amount of charge is subtracted
out of the integrator and the time difference between the first and
last pump, the charge generated by the particle is calculated, and
thus the energy of it.
A matrix of 24x24 pixels, with a pixel size of 200x200 ŤP was built
with an 80% of fill factor.

Horacio Mateos20.05.2022

Future improvements:
Different discharge capacitor sizes.
Different capacitor voltage.
Bigger counters.
Bigger matrix size.
Read while measuring.
Other technology to achieve higher fill factor

The sensor presents a linear response along the whole 
dynamic range.
It shows a noise floor of 0.8 fC, equivalent to 5000e-, which 
decrease to 0.1 fC or 620e- at higher intensities.
Because the system is based on a discharge pump counter, 
the integrator will not be saturated, which makes possible 
to measure particles of high energy.

Horacio MATEOS



ARCADIA FD-MAPS: simulation, characterization and 
perspectives for high resolution timing applications 

Advanced Readout CMOS Architectures with 
Depleted Integrated sensor Arrays 

Coralie Neubüser* on behalf of the ARCADIA collaboration 
*INFN-TIFPA, Trento Italy. Email: coralie.neubueser@tifpa.infn.it

MD1 on board

Fully depleted substrate at low front bias
à charge collection via drift
• n-in-n device
• pn-junction on backside
• depletion voltage applied through 

backside, only low bias voltage from 
top

• low-resistive epi layer delays the onset 
punch-through currents

• backside processing (diode + GR) for 
thick sensors (> 100!m)

Main demonstrator 
(MD1) chip of 
(1.2×1.2)cm2 with 
512×512 fully depleted 
monolithic pixels with 
25"m pitch.

Variety of passive pixel matrices
• Tests of pixels with (10/25/50)!m 

pitch from different wafers in different 
thicknesses (50/100/200)!m 

• Capacitance of single pixel of MD1 
found < 5fF

Focused IR laser, 1GHz bandwidth 
oscilloscope on $%%×$%% 'm2 pad
• Strong impact of 1GHz oscilloscope, 

well reproduced in simulation with 
digital low pass filter

• 95% charge collection in < 1.4ns in 
dSi=50µm

Ongoing development of MAPS for timing:
• Pad-like MAPs in 50µm pitch for chip implemented in 2nd run

• new large pixels including a charge multiplication layer



Finn
FEINDT



�=PPAK��EH=JAOEK�KJ�>AD=HB�KB�PDA����������PA=I

���������������������������������������������E?KOA?KJ@��EIA�
�P=ILEJC��=L=>EHEPEAO��J�	QHHU��KJKHEPDE?�
�ECDHU�
N=JQH=N��EHE?KJ��ETAH��APA?PKNO

�EI�=P�LNK@Q?EJC�=�IKJKHEPDE?�OEHE?KJ�LETAH������SEPD�LE?KOA?KJ@�HARAH�PEIA�OP=ILEJC�
Ɣ B=OP�=J@�HKS�JKEOA��E
A��E�����AHA?PNKJE?O
Ɣ JKRAH�OAJOKN�?KJ?ALP��PDA��E?KOA?KJ@��R=H=J?DA��APA?PKN� �E?K��¡

�NKKB�KB�?KJ?ALP�KB��E?K���OAJOKN� JKP�UAP�KLPEIEVA@�BKN�PEIEJC¡�=J@�����BNKJPAJ@�
C=EJ�BKN�ÀÀ	A���N=UO�KB�QL�PK�½¾ �������ABBE?EAJ?U�Ô�ÄÄ�À�Í PEIA�NAOKHQPEKJ�ı

P�
Ò� ½»�¼Ï»�¾¡�LO

�NAHEIEJ=NU

�NAHEIEJ=NU

�NAHEIEJ=NU



22-28 May 2022
15th Pisa meeting on advanced detectors

Solide State Detectors
Poster Summary



Low Gain Avalanche Diodes Technology: 
state of the art and new developments

LGAD: silicon 
detector with low 
internal gain,
featuring high 
concurrent 
space and time 
resolution, also 
at high 
irradiation 
fluence

new 
develop
ments

Higher spatial 
resolution

Radiation 
hardening

G. Paternoster 
Fondazione Bruno 

Kessler

• n/p co-doping for radiation 
hardening beyond 2e15 neq/cm2

1. Trench-isolated LGAD (TI-
LGAD)

3. LGAD for CMS-ETL and 
ATLAS-HGTD

Pixel pitch down to 50 µm with 
high fill-factor.

4. Extreme fluence

100% fill-factor
Spatial 
resolution
~ 10um (sigma) 

even with coarse 
pads 
segmentation

2. AC- and DC- resistive Silicon 
Detectors (RSD)

Carbon-co-
implantation ->

30 ps at 1.5e15 
neq/cm2



A fully active target for the PIONEER experiment

18-May-22Dr. Simone M. Mazza, Dr. Jennifer Ott - University of California Santa Cruz1

y PIONEER is the “successor” of PIENU/PEN/PiBeta experiments

y https://arxiv.org/abs/2203.01981

y The goal is to improve the precision of R
e/Ɋ�and B(Ɏ+ÆɎ0

e
+ɋ) by an order of 

magnitude

y R
e/Ɋ� is the ratio of pion decay to electron/muon: precision measurement of lepton flavor 

universality

y B(Ɏ+ÆɎ0e+ɋ) is the cleanest measurement of Vud: important to test CKM matrix unitarity

y PIONEER will take place at  the Paul Scherrer Institut (PSI) cyclotron ring

y The Goal of PIONEER is the separation of deposited energy spectra of ɎÆeɋ and 

ɎÆɊɋÆeɋɋ
y Pions stops in an active target where are tagged with energy and timing

y Exiting positrons are tracked and the total energy is measured in a 3ʌ calorimeter

y Two main detectors: Active TARget (ATAR) and 25 X
0

calorimeter

y ATAR with fast timing and high segmentation allows to separate and tag ɎÆeɋ and 

ɎÆɊɋÆeɋɋ this reduces pileup and ɎÆeɋ�energy tail

y Calorimeter with high energy resolution (liquid Xe or LSO crystals) to reduce tail correction and pile-up 

uncertainties, plus improves uniformity

y In the poster a brief introduction to PIONEER is given, then a more detailed 

explanation of the ATAR and the chosen technology is shown.



DC-coupled Resistive Silicon Detectors (DC-RSD)

� DC-RSD with low resistivity strip between collecting pads, as
an evolution of the RSD paradigm [1].

� Addressing few known issues (e.g. baseline fluctuation, long
tail-bipolar signals) and maintaining the advantages
(e.g. signal spreading over ~mm distances, 100% fill factor).

[1] M. Tornago et al., 2020 IEEE NSS/MIC

A compensated design of the LGAD gain layer

Development and test of innovative Low-Gain Avalanche Diodes 
for particle tracking in 4 dimensions

T. Croci(*)͕�ŽŶ�ďĞŚĂůĨ�ŽĨ�ƚŚĞ�͞ϰ�/Ŷ^ŝ�Ğ͟�ĐŽůůĂďŽƌĂƚŝŽŶ

(*) tommaso.croci@pg.infn.it

Developing innovative radiation-hard silicon detectors for 4D particle tracking in the future HEP experiments

� New strategy to overcome the present limit of radiation
tolerance for the gain implant, i.e. 1-2×1015 neq/cm2.

� Use the interplay between radiation induced acceptor and
donor removal to keep a roughly constant gain layer active
doping density after irradiation.



Silicon sensors with resistive read-out: ML and analytics techniques for ultimate spatial resolution

! ❄ #

Marta Tornago
Università and INFN Torino

15th Pisa meeting on Advanced Detectors

Resistive AC-coupled Silicon Detectors (RSD) are a new generation of n-in-p silicon sensors 
with 100% fill-factor designed for high-precision 4D tracking in experiments at future colliders

Key feature: introduction of resistive read-out in silicon detectors 

            signal sharing allowing excellent spatial resolution

Three sensors have been selected from the second RSD production: 700x700 µm active area, 200 µm pitch and 3x4 
AC pads with different layouts (Swiss crosses, flakes and boxes)


RSD2 arrays have been tested in the Laboratory for Innovative Silicon Sensors in Torino with precise laser scans 
performed with Particulars Transient Current Technique setup for spatial resolution evaluation

Signal properties are used for position reconstruction of laser shots
Machine Learning is ideal for data analysis, with signal properties used as input features and 
predicted x-y coordinates as outputs

200-µm pitch RSDs can reach a total spatial resolution  ~ 8 µmσtot = σ2
RSD,x + σ2

RSD,y

Much smaller than corresponding binary readout  ~ 58 µmpitch/ 12
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A new collimated multichannel modular detection system
based on Silicon Drift Detectors

D. Cirrincione1,2, M. Antonelli1, G. Aquilanti3, P. Bellutti4,5, G. Bertuccio6,7, G. Borghi4,5, G. Cautero3,1, F. Ficorella4,5, M. Gandola4, 
D. Giuressi3, F. Mele6,7, R. H. Menk3,1, L. Olivi3,1, G. Orzan1, G. Pepponi4, A. Picciotto4,5, A. Rachevski1, I. Rashevskaya5, L. Stebel3, 

G. Zampa1, N. Zampa1, N. Zorzi4,5 and A. Vacchi1,2

1 - INFN Trieste, Trieste, Italy - 2 - University of Udine, Udine, Italy - 3 - Elettra-Sincrotrone Trieste S.C.p.A., Trieste, Italy ±
4 - Fondazione Bruno Kessler, Trento, Italy - 5 - TIFPA - INFN, Trento, Italy - 6 - Politecnico di Milano, Como, Italy - 7 - INFN Milano, Milano, Italy
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DCR and crosstalk characterization of a bi-layered 24×72 
CMOS SPAD array for charged particle detection

� Two chips of Single Photon Avalanche Diodes (SPADs), fabricated in 150 nm CMOS technology, were vertically 
interconnected by means of bump bonding technique, to make up a dual layer structure, aiming low noise 
and reduced material budget, in view of applications to charged particle tracking. 

� An array of 24×72 SPADs, with an active area of 44×24 µm2 was characterized in terms of dark count rate 
(DCR) and crosstalk. DCR measurements performed on both single and dual layer chips have demonstrated 
the beneficial impact of a bi-layer structure. 

� From crosstalk measurements, significative DCR degradation, mainly due to a set of 9 particularly noisy pixels, 
was observed. The screamer pixels were found to affect mostly the DCR of adjacent sensors, since emitted 
photons are more likely to be absorbed in the closer SPADs as compared to the farther ones.

� RTS measurements were performed at different excess voltages, with a period of 115 s for a total amount of 
time equal to 23 days. Two-level, three-level and four-level fluctuations were observed. INDIVIDUAL 

DCR
CROSSTALK 

EFFECT

Gianmarco
TORILLA



Direct MIP detection with SPAD implemented in 180 
nm CMOS technology 

•Device presentation 
•Timing performance with photons 
•MIP time of flight measurements  
•Radiation hardness studies  
•Future developments 

ToF

Bias (V) FWHM (ps) FWTM (ps) σ (ps) σsingle (ps)

24 27 ± 1 104 ± 4 11.5 ± 0.4 8.1 ± 0.3

27 22 ± 2 62 ± 3 9.4 ± 0.7 6.4 ± 0.5

Direct MIP detection with sub-10 ps timing 
resolution Geiger-Mode APDs

Francesco Gramuglia, Emanuele Ripiccini, Carlo Alberto Fenoglio, Ming-Lo Wu, Lorenzo Paolozzi, 
Claudio Bruschini and Edoardo Charbon 

École polytechnique fédérale de Lausanne (EPFL)



Negative Capacitance Ferroelectric Devices 
for Radiation Detection Applications

This work was financed by the INFN-CSN5, 
under INFN Young Researcher Grant “NegHEP”. A. Morozzi1* on behalf of the NegHEP Collaboration

(1) INFN of Perugia, via Pascoli 1, 06123 Perugia, Italy. * arianna.morozzi@pg.infn.it

ü TCAD GLK equation
ü Measured and simulated Polarization-

Ef curves for a MFIM structure 4 nm 
Al2O3 over HZO 7.7 and 11.3 nm. 

Surface damage effects induced by 
X-rays have been accounted 
for with the parameter ΔQint(ϕ) in the 
overall fixed oxide formula:

TCAD modeling of MFIM structures

Radiation Damage Effects 

Qint(ϕ) = Qint(0) + ΔQint(ϕ)

ü Ultra-thin HfO2-based n-channel NC-FETs featuring different
W/L characteristics.

ü Ids-Vgs transfer characteristics for different W/L options.
ü X-ray irradiation campaign at INFN Genova up to 5 Mrad.
ü Method proposed by McWhorter to assess the oxide charge and

interface traps from the subthreshold-current curve of a
MOSFET in saturation.
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Negative Capacitance FET

NC

ü Negative Capacitance (NC) devices in particle detection systems featuring self-amplified, segmented, high-granularity sensors.
ü TCAD modeling to optimize the design/operations of the new generation NC-FET devices.
ü Radiation damage effects evaluation after X-ray irradiation.

Daniele
PASSERI




