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DESIGN PARAMETRES GOVERNING DETECTOR PRECISION

• Spatial resolution and (passive !) Material budget

• Sensor level:

◦ pixel dimensions (both directions)

◦ sensor thickness: sensitive volume (⇛ signal amplitude), read-out circuitry (⇛ monolithic !)

◦ pixel charge sharing

◦ charge digitisation: power driver ⇛ minimise !

◦ time resolution / read-out speed: power driver ⇛ compromise !

◦ data flow: power driver (⇛ in-pixel signal discrimination)

• System integration (services)

◦ mechanical support

◦ cooling system: driven by sensor power (≡ read-out architecture)

◦ cables (powering, slow control, signal read-out): governed by sensor power (≡ read-out architecture)

◦ overlap between neighbouring detector modules
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OBJECTIVES & APPROACH

• Technological goal: achieve new standards in charged particle vertexing and tracking

• Detection performance top priority: granularity & material budget ⇛ precision

◦ exploit thinned, highly pixelated, CMOS Pixel Sensors (CPS) and the evolution of CMOS industry (feature

size ⇛ pixel size and micro-circuit density, stitching ⇛ large sensors)

◦ exploit new materials and forefront of industrial techniques (thermo-mechanics, electronics)

◦ investigate new concepts: ”unsupported” & double-sided detection layers, wireless short range signal

transmission, etc.

◦ develop accurate simulation software of CMOS sensor response and reconstruction algorithms

• Exploit common requirement priorities addressed by Helmholtz & IN2P3 groups involved in:

◦ heavy-ion and hadron physics experiments (ALICE/LHC, CBM/GSI, etc.)

◦ e+e- collider experiments (future Higgs factory, BELLE-II upgrade, etc.)

• Exploit common interests with semi-conductor detector R&D at large:

◦ pp collider expts (HL-LHC, ...): common CMOS techno., sensor simulation & track reconstruction software

◦ multi-purpose (transversal) R&D programmes addressing subatomic physics and its spin-off applications

(EURIZON, AIDAinnova, ECFA detector R&D, etc.)
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CMOS PIXEL SENSORS
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IN-PIXEL CIRCUITRY
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SUPPRESSED MATERIAL BUDGET
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SUPPRESSED MATERIAL BUDGET
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CYLINDRICAL LAYERS: MAIN R&D TOPICS
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CYLINDRICAL LAYERS: SENSOR BENDING
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3 CYLINDRICAL LAYER INTEGRATION WITH FOAM SPACERS
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INNOVATIVE LAYER CONCEPT: MAPS-FOIL

Next steps: stitched sensors, multi-layer module ?
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65 nm CMOS TECHNOLOGY: CLUSTER CHARACTERISTICS
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65 nm CMOS TECHNOLOGY: DETECTION PERFORMANCES

• Exploration of 65 nm CMOS process: small prototypes fabricated in 2021 (MLR1)

◦ Analog (10, 15, 20, 25 µm pitch) and Digital (25 µm pitch) output mini-prototypes

◦ Detection efficiency & Spatial resolution vs discrimination threshold

◦ Fake rate low

◦ Plateau in detection efficiency > 99 % up to ≃ 150 e
−

(despite thin EPI)
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65 nm CMOS TECHNOLOGY: STITCHING

• Exploration of 65 nm CMOS process: large prototypes

◦ Next step: Engineering run (ER1) with long prototypes trying stitching → back in Spring’23

◦ Ultimate goal: Achieve wafer scale sensor for the ALICE-ITS3 (ER2 in 2024 → ER3 for LS3)
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TOWARDS LARGE AREA HIGH RESOLUTION TRACKERS

15



GROUPS INVOLVED – PROJECTS CONCERNED

• DESY: 65 nm generic R&D, Belle-II, EURIZON

◦ Charge collection system simulation software (Allpix
2

)

◦ 65 nm technology design and characterisation

◦ CMOS sensor tests (e.g. EUDET beam telescope, PLUME module)

• GSI: experiments at FAIR (e.g. CBM-MVD/STS), ALICE-ITS3, EURIZON

◦ CMOS sensor characterisation (MIMOSIS)

◦ System integration (MIMOSIS in CBM-MVD)

◦ CMOS sensor bending and related integration issues (ITS3)

• IPHC-Strasbourg: 65 nm generic R&D, ALICE-ITS3, BelleII upgrade, Higgs-Factory, EURIZON

◦ CMOS sensor design & characterisation for CBM-MVD (MIMOSIS), extension to Higgs-Factory

◦ 65 nm generic prototyping (design and testing)

◦ ITS3: chip bending, stitching

• IJClab-Orsay: Belle-II (extension to Higgs-Factory)

◦ System integration (vertex detector ultra-light cooling)
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SUMMARY
• DMlab: hub fostering partnership between groups involved in the development of upcoming & future high

precision and ultra-light vertexing and tracking devices for experiments addressing DM search

• Generic concept developed follows ALICE-ITS3 design, complemented with the R&D on CMOS pixel sensors in

65 nm technology

• Rich spectrum of groups’ expertise, activities, projects, interests, ... (my own understanding):

◦ DESY: sensor response simulation & track reconstruction SW; 65 nm sensor design & tests

◦ GSI: curved sensor integration (ITS3 & beyond); sensor tests & integration for expts at FAIR (e.g. CBM)

◦ IPHC: sensor design, simul. & tests (ITS3, Belle-II, Higgs-Fact, 65 nm), curved sensor integration (ITS3)

◦ IJClab: integration (cooling) of future vertex detector based on CMOS sensors in case of Belle-II upgarde

• Next steps:

◦ Identify specific topics of partnership

◦ Define type of partnership and modus operandi

• Not addressed yet (resources !):

◦ multi-layer detection modules ⇛ multiple impacts per layer traversed

◦ sensor stacking ⇛ squeezed pixel dimensions
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