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ECFA Detector R&D Roadmap

2020 European Particle Physics 2021 ECFA Detector
Strategy Update (EPPSU) R&D Roadmap

Roadmap organised in “Detector
R&D Themes” (DRDTs) and
“Detector Community Themes”
(DCTs)

THE 2021 ECFA DETECTOR
e UPD’}gR%&E%%EE%a%@‘S STRRIER RESEARCH AND DEVELOPMENT ROADMAP

by the European Strategy Group The European Committee for Future Accelerators
Detector R&D Roadmap Process Group

High-priority future initiatives:  https://cds.cern.ch/record/2784893/ | i venses e mmine ssiase deectr
. . (© ALICE collaboration)
e+e- Higgs/Z/top factories

Takeaway message: “detector readiness should not be the limiting factor in terms of when
the facility in question can be realised”
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DETECTOR RESEARCH AND DEVELOPMENT THEMES (DRDTs) &
DETECTOR COMMUNITY THEMES (DCTs)

PROT 1.1

DROT L2

DROTLS

DROT 14
DRDT 2.1

DROT 2.2

DROT 25

DROT 2.4

DROT 31

DROT3.2

PROT3.3

DROT 5.4

Improve tims and spatial resolution for gasecus detectorns with
long-term stability

Achiove tracking in gasecus detectors with dE'dx and aNGx capabiity
in large volumes with very low materal budget and different read-out
schomes

Develop envircomentaly frendly gasecus detectors for very large
areas with high-rate capabiity

Achvenve high senstwity in both low and high-pressure TPCs

Develop readout tachnclogy 10 increasa spatial and anengy
reaciution for Bquid detectors

Advance noise recuctian in liquid deteciors to lower signal energy
thresholds

Improve the matenal properties of target and detector companents
in Iquid detectors

Realiss liguid detector tachnclogea scalable for intagration in
large systems

Achiave Tl integration of sensing and microelactronics in manclithic
CMOS pixel sensors

Develop solid state 8ensors with 4D-capabilties for tracking and
calermetry

Extend capabilties of 0l s1ate S80rs 10 operate at axiremse
Nuences

Develop full 3D-merconnection technologies for solid state devices
in particle physics
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Proposition to DRD3 ws @ CERN, 22-23/3

https://indico.cern.ch/event/1214410/

DRD project: Fine-pitch CMOS pixel sensors with
precision timing for vertex detectors at future
Lepton-Collider experiments

DRD technology area

DRDT 3.1 - Achieve full integration of sensing and microelectronics in monolithic
CMOS pixel sensors.

Proposing participants

Institute Contact Foreseen main areas of contribution
APC Paris M. Bomben Simulations, testing

CERN D. Dannheim Testing, DAQ, ASIC design support
DESY S. Spannagel ASIC design, testing, DAQ, simulations
IPHC Strasbourg A. Besson ASIC design, testing

Oxford University D. Hynds Testing, simulations

Zurich University A. Macchiolo Testing, DAQ, simulations

R&D using 65 nm technology to achieve
high single point resolution (3 um),
high temporal accuracy (5ns),

low mass (100 pum thick) &

low power ( < 50 mW/cm?)

Access to TPSCo65 CMOS imaging process
with 65 nm feature size via CERN/ALICE
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Proposition to DRD3 ws @ CERN, 22-23/3

https://indico.cern.ch/event/1214410/

DRD project: Fine-pitch CMOS pixel sensors with
precision timing for vertex detectors at future
Lepton-Collider experiments

DRD technology area

DRDT 3.1 - Achieve full integration of sensing and microelectronics in monolithic
CMOS pixel sensors.

Proposing participants

Institute Contact Foreseen main areas of contribution
APC Paris M. Bomben Simulations, testing

CERN D. Dannheim Testing, DAQ, ASIC design support
DESY S. Spannagel ASIC design, testing, DAQ, simulations
IPHC Strasbourg A. Besson ASIC design, testing

Oxford University D. Hynds Testing, simulations

Zurich University A. Macchiolo Testing, DAQ, simulations

R&D using 65 nm technology to achieve
high single point resolution (3 um),
high temporal accuracy (5ns),

low mass (100 pum thick) &

low power ( < 50 mW/cm?)

Lightweight, granular and fast detector
» Tempting eh? ©
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Proposition to DRD3 ws @ CERN, 22-23/3

https://indico.cern.ch/event/1214410/

DRD project: Fine-pitch CMOS pixel sensors with
precision timing for vertex detectors at future
Lepton-Collider experiments

DRD technology area

DRDT 3.1 - Achieve full integration of sensing and microelectronics in monolithic
CMOS pixel sensors.

Proposing participants

Institute Contact Foreseen main areas of contribution
APC Paris M. Bomben Simulations, testing

CERN D. Dannheim Testing, DAQ, ASIC design support
DESY S. Spannagel ASIC design, testing, DAQ, simulations
IPHC Strasbourg A. Besson ASIC design, testing

Oxford University D. Hynds Testing, simulations

Zurich University A. Macchiolo Testing, DAQ, simulations

R&D using 65 nm technology to achieve
high single point resolution (3 um),
high temporal accuracy (5ns),

low mass (100 pum thick) &

low power ( < 50 mW/cm?)

Multi-year expertise in simulations
(TCAD/MC) and testing
(cleanroom/testbeams)
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Proposition to DRD3 ws @ CERN, 22-23/3

https://indico.cern.ch/event/1214410/

DRD project: Fine-pitch CMOS pixel sensors with
precision timing for vertex detectors at future
Lepton-Collider experiments

DRD technology area

DRDT 3.1 - Achieve full integration of sensing and microelectronics in monolithic
CMOS pixel sensors.

Proposing participants

Institute Contact Foreseen main areas of contribution
APC Paris M. Bomben Simulations, testing

CERN D. Dannheim Testing, DAQ, ASIC design support
DESY S. Spannagel ASIC design, testing, DAQ, simulations
IPHC Strasbourg A. Besson ASIC design, testing

Oxford University D. Hynds Testing, simulations

Zurich University A. Macchiolo Testing, DAQ, simulations

R&D using 65 nm technology to achieve
high single point resolution (3 um),
high temporal accuracy (5ns),

low mass (100 pum thick) &

low power ( < 50 mW/cm?)

Access to TPSCo65 CMOS imaging process
with 65 nm feature size via CERN/ALICE

Staged project — see next slide
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Timeline

Characterisation of existing chips
— Mid 2024

Design of beam-telescope demo matrix

- Mid 2025

Characterisation of demo matrix
— Mid 2026
Telescope sensor ready for integration
__End 2027

Design demonstrator for collider exp

__End 2028

Characterisation of sensor for collider
SEnd 2029
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Opportunity for contribution — now © & f:
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> We can start to work on b5 ..

shortly - .Q 8o ARp 7O :=

@) + CE65 proxi ‘
= Well Suited for p-el./instrumentation I R el
engineer VCIZ022 1 commen st iemcr "

I « Readout speed up to 40 MHz
« USB protocol used for the communication with the PC I
I » Readout software integrated into the EUDAQ framework

TR 70373023 (compatibility with the beam test infrastructure) /J 11


https://indico.cern.ch/event/1044975/contributions/4663696/attachments/2396774/4098187/VCI_2022_Bugiel.pdf

QUESTIONS?
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Backup
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European Particle Physics Strategy Update (2020)

* Projects listed in the Deliberation Document of the European Particle Physics
Strategy Update (EPPSU) [ChO-2] as either “High-priority future initiatives” or
“Other essential scientific activities for particle physics”; e.g.:

» HL-LHC

» Long baseline neutrino detectors

The highest priority laid down by the updated ESPP
is for a future Higgs factory to thoroughly explore
the properties of this completely new type of
particle, which is seen as a key to a much deeper
> hh machine @ 100 TeV understanding of how the Universe works.

> e+e- Higgs/Z/top factories
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DROT41 Enhance the timing resaluticn and spactral range of photon ® @ & ® ]
detectors etector R&D Themes (DRDTs) and Detector Community Themes (DCTs). Here,
PID and BEDYAZ Doveiop photoeenscrs for axireme emvironments o o - @ axcept in the DCT case, the final dot position represents the target
Photon : Jate for completion of the R&D required by the latest known future
RSTAS Dml P Rﬁc’:n:vd imaging detectors with low mass and high > > ‘acility/experiment for which an R&D programme would still be needed
DROTAA4 Develop compact high padormance time-of-Night detectors i -5 ln that area._The time fror_n _that dot to the gnd of the arrow represe_nts
¥ . o ° ° ‘he further time to be anticipated for experiment-specific prototyping,
Dlﬂ:: m’ ":mg_m quantum M:':wd\"::'dﬂ ® ® o Jyrocurement, construction, installation and commissioning. Earlier
ORSY : "ml ml '. to ml lle rysics developmen quam Jots represent the time-frame of intermediate “stepping stone
DROTS.3 Estabish the necessary frameworks and mechansms 1o allow —
exploration of emerging technalogies , , srojects where dates for the corresponding facilities/experiments are
DROTSA  Develop and provide advanced enabling capatiities and infastructure <nown. (Note that R&D for Liquid Detectors will be needed far into the
DROT 61 Develop radiation-hard calonmeterns with enhanced electromagnetic sy uture, however the DRDT lines for these end in the period 2030-35
anergy and timing resoktion recause developments in that field are rapid and it is not possible
DROT 6.2 Develop high-granular calorimeters with multi-dimensional readout >~ @ oday to reasonably estimate the dates for projects requiring
for optimised use of particle fiow methods onger-term R&D. Similarly, dotted lines for the DCT case indicate that
DROT 63 Develop calorimeters for extreme radation, rate and ple-up S - »eyond the initial programmes, the activities will need to be sustained
envircoments yoing forward in support of the instrumentation R&D activities).
DROT71 Advance technologies 10 deal with greatly increased data density
DRDT72 Develop technologies for increased inteligence on the detector
DROTZ3 Develop technologies in suppon of 4D- and SD-technigues
DROT74 Develop nowvel technologies to cope with extrems eendronments and
required longevity
DROT7S Evaluate and adap! to emenging eectonics and dala processing
technologies
DROT81 Develop novel magnet systems . . - > 4
DROTS2 Develop improved technologies and systems for cooling 2 8- s i
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pracision mechanical structures, Develop Machine Detector
Interfaces.
DROT 8.4 Acapt and advance state-of-the-art systems in montanng D & 8- -&
inchuding ervironmental, radiation and beam aspects
: DCT1 Estabish and mantain 8 European coordingled progeanmme for training in —
Training rstumentasion
DCT2  Develop a master's degree programme in instrumentation —




Exploring a new technology: TPSCo 65 nm

=> SEE NEXT TALK BY WALTER SNOEYS <=

= |PHC motivation to join CERN-lead effort

* Key requirements (future e+e- coll. / heavy-ion exp)
— Position resolution oy, < 3 um
— Low material budget 0.05 to0 0.15 % X, (power <<100 mW/cm?)
— Large detection surface (> 100 cm?)

* Smaller feature size = smaller pixel
* Lower voltage hence power E>
« Stitching over 12" wafer

* Smaller feature size |:> * Generic interest for MAPS performance
= more embedded functionalities - Large hit rate (>> 100 MHz/cm? e.g. for Belle Il)

— Time resolution from ns to ~10 ps (4D tracking, PID)

= |PHC contribution for charge collection studies

* CE-65 square pixel matrices Variant Collection diode
* Analogue output w rolling-shutter readout 10-40 MHz structure

A Basic D
@EREREERRANEAAAN ‘S
B 15 um 64x32 DC-SF N-implant w gaps 3 3
i DC-Amp : 2 B
AB.C i https://indi.to/zL5xc ¢ AC-Amp  N-mplant 2=
w—— : 5.Bugiel VCI 2022 D 25um  48x32 basic >
J.Baudot - From vertexing to ion detection & spectrometry - PIXEL 2022 12
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VCI2022
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https://indico.cern.ch/event/1044975/contributions/4663696/attachments/2396774/4098187/VCI_2022_Bugiel.pdf

65 vs 180 nm in a nutshell

65nm

pro: digital density of course

pro: 300mm wafers vs 200mm in 180

con: much less choice in substrate (essential only thin EPI 10-15um)

con: much more limited access to foundry than in 150/180 and typically no MPW for
prototyping

con: cost in engineering run ~ factor 2.7 over 150/180nm difficult in development cycle

180nm

pro: much wider range of substrate possible

pro: easier access to foundries and multiple foundries established in HEP and cheaper/
possibility of MPW for prototyping

con: logic density much smaller

con: costs at very large detectors (e.g. 50m2 + ) higher in 180 because 150/180 runs on
200mm wafers versus 65 on 300mm wafers
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