
CMOS R&D for FCCee
(in the french landscape)
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C4PI

HEP CMOS R&D landscape in France vs projects & DRDs

• For a larger recent review:

✓ J. Baudot : Bi-national conference on Detectors R&D
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• Vertex requirements

✓ Data flux

▪ Continuous beam  Data flux significantly higher than ILC,

▪ Higher radiations doses as well, for both ionising radiation and 

fluence.

✓ Beam pipe

▪ Cooling mandatory as well as shielding,

▪ Compensated by small inner radius ~12 mm

✓ Challenges: 

▪ How to reach the targeted resolution with an adapted read-out 

architecture while fulfilling all the other requirements ?

▪ How to propose a robust but ambitious VTX concept ? 

Integration

FCCee requirements
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d = layer thickness, N  = # layers

• Tracker requirements

✓ Maximum precision with:

▪ Good spatial resolution per plane

▪ Low momentum

▪ High level arm

▪ High B field

▪ High number of layers (N) 

▪ Minimize material budget vLow number of layers (N)

✓ Typically sp ~5-10 m/layer ; material ~1-2% X0/layer 

✓ Challenges

▪ Large surfaces  Integration & Power management

▪ How to include timing / PID ?

𝜎𝑝𝑇
𝑝𝑇

2
~2 × 10−5𝐺𝑒𝑉−1



Conflicting parameters
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J. Baudot



Main axis of R&D

• Smaller features sizes 

• Small diodes / large diodes

• Sensitive volume

• Integration and mat. Budget optimization

✓ Stitching

✓ Bent sensors

▪ FCC-Seed concept and DRD8
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• In pixel and in matrix circuits
✓ Amplification, digitization

✓ Read-out architecture
▪ Asynchronous read-out (SPARC  OCTOPUS/MANTA)

▪ Pixel grouping (MANTA)

• Peryphery circuit 
✓ powering, multiplexing, configuration, control, outputs

• Preamplification
✓ ANR APICS (IPHC, CPPM, icube)

▪ Proto tested in 2026

✓ DRD3-CASSIA

✓ CACTUS (IRFU)

• Pitch reduction (spatial resolution)  OCTOPUS
✓ Global effort on the footprint

• Power reduction, large surfaces 

• Timing  CACTUS, MANTA



Tower 180 nm
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Triggering
Radiation tolerance



Tower 180nm: MIMMOSIS for CBM-MVD

• Specifications (4 cm2)

✓ Will equipe le MVD de CBM@ FAIR

✓ « 5µm - 5µs » + comparable flux to FCCee 

✓ Higgs factory demonstrator (closest sensor to specifications)

✓ other applications considered (e.g. exp. FOOT, Integration tests)

• Timeline

✓ 2023-24: Tests of Mimosis-2.1

▪ Performances beyond requirements

✓ 2025:  test DAQ CBM: 3 identified problems: 

▪ Powering; sync. ; PLL  fixes for MIMOSIS-3

✓ Submission MIMOSIS-3 (final sensor): 2025/26

✓ Utilisation pour les activités capteurs courbes
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(05P19RFFC1)

Supported by



MIMOSIS-2.1 results to chose the final pixel in MIMOSIS-3
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p-stop(s4)

First proposed by W. Snoeys et al.
H. Pernegger et al., 2017 JINST 12 P06008

MIMOSIS-2.1: 25µm OR 50µm epitaxial layer

+ Radiation hardness
- Spat. Resolution

• DC pixel – limited rad. hardness.
• AC Pixel – more biasing lines.

Chosen baseline : p-stop; 50 m epi; AC pixel; amincis à 70 m



TPSCo 65nm

• OCTOPUS

✓ Vertex for e+e-

• MANTA

✓ Outer trackers

✓ Cf. D. Contardo talk
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CE_65v1 CE_65v2
SPARC

(OCTOPUS/MANTA)

chiplets

MPR3 
(~2028-29)

ALICE ITS-3



ALICE ITS-3
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Engineering model



SPARC sensor (IPHC, IRFU)

• SPARC 1st prototype for asynchronous readout

✓ Asynchronous Prority Arbiters  (APA)
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Back from foundry end 2025  to be tested in 2026by group of partners (Belle-2, OCTOPUS, etc.)

Linear digital power
dependance to hit rate



DRD3: Octopus project
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https://octopus.web.cern.ch/

Final goals
Intermediate goal 
(beam telescopes)

https://octopus.web.cern.ch/


The spatial resolution challenge
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Simulation, Standard, analog read-out

Goal : 
optimize the design to 
guarantee 3 m spatial 

resolution
vs efficiency and pitch

Data (APTS)

https://indico.cern.ch/event/1581713/contributions/6760566/attachments/3171343/5641929/OctopusSimDRD3WeekVelyka131125.pdf
https://indico.cern.ch/event/1581713/contributions/6763822/attachments/3170869/5637121/2025_11_11__65nmResolution.pdf


OCTOPUS: Spatial resolution optimization
• See Velyka (DRD3)
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Idea: improve the homogeneity of the response

https://indico.cern.ch/event/1581713/contributions/6760566/attachments/3171343/5641929/OctopusSimDRD3WeekVelyka131125.pdf


OCTOPUS Asynchronous read-out

• Front-end from DPTS/MOSS (ALICE-ITS3)

✓ Compact footprint

• Asynchronous Priority Arbiter from SPARC

✓ Architecture shared with MANTA

✓ Pixel pitch optimization

• Readout

✓ Various options of column merging 

under study

✓ In chip lpGBT logic

✓ Expected data rate 10 Gb/s/cm2

• Time stamp

✓ Rising / falling edge

✓ Time stamping via TDC end of column (ToA + ToT)

✓ Time walk correction

✓ ToT used for charged measurement  spatial resolution

Nov 26th-28th 2025 A. Besson, FCC France, Paris 20

Bandwidth 
Footprint 

Bandwidth 
Footprint



Summary
• Tower 180 nm still active

✓ Know how maintained with intermediate projects to be installed in experiments (CBM, Belle-2, etc.)

• Integration: 
✓ ALICE-ITS3 for stitching and bent sensors

✓ Integration for FCCee R&D: cf. next talk by J. Andrea

• CMOS R&D for FCCee is fully integrated to DRD3/7/8 framework
✓ OCTOPUS & MANTA are the main driving projects for VERTEX/Outer Tracker

✓ Synergies (to save person power & costs)

✓ Submission line in DRDs defined by MPR2 / MPR3 submission

✓ ALICE ITS-3: ER2/ER3 line 

• OCTOPUS
✓ SPARC prototype will allow to explore/test the Asynchronous readout (APA)

✓ First OCTOPUS prototype to be submitted in MPR2 (2027)  (cm2)

✓ Strong connexion to FCCee through simulations (see other talks today)

• Blue sky R&D
✓ e.g. preamplification in the pixel could be a game changer
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Back up
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SEED: a vertex detector for FCCee

● À la CLD/ILD: 3 double ladders + discs

➢ Robust but not optimized for material budget

● À la ALICE ITS-3 : 3/4 layers with stitched half cylinders

➢ Fill factor not 100% per layer

➢ Stitching mandatory
➢ Pitch ? Power ? Yield ? Fill factor ? Bent radius ?

➢ Very competitive for mat. budget but limitations (acceptance, resolution, radius ?)

● Alternative Proposal: SEED concept = bent ladders
➢ Stitching or not stitching

➢ Radius approaching constant value

➢ Full acceptance in  φ

➢ Double sided can be considered. 

➢ Number of layers = free parameter

➢ Competitive for mat. Budget. AND full azimuthal acceptance

2025 February 11th A.Besson, Université de Strasbourg 23

● Bent sensors pioneered by Alice ITS-3,
➢ program dedicated to bent sensor with MIMOSIS
➢ e.g. functional tests @ R = 12 mm 

Bending setup @ IPHC



Manta
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• Projet DRD3 visant les trajectographes du futur

• Cahier des charges commun:

✓ Résolution spatiale ~10 m ; 

✓ Puissance modérée

✓ Possibilité de grandes surfaces (55m² pour ALICE3 ML+OT) 

✓ Résolution temporelle via ToT

▪ Mesure fine (<100 ps) avec TDC en bas de colonne de pixels (IP2I)

✓ Fake Hit rate

• Stratégie et synergies

✓ Même architecture de lecture qu’OCTOPUS (APA)

✓ Versatilité de l’architecture  Ajustement sur la Puissance

• Status

✓ En cours de structuration (meetings réguliers); Design a débuté

▪ Assignation des tâches design, en cours (peu de designers hors Fr pour MANTA)

▪ Pixel grouping (Johannes Hensler, Heidelberg + Andrei Dorokhov, IPHC)

▪ Grouping passif (simple connexion des diodes < pixel grouping au niveau numérique

▪ Optimisation puissance (solution CERN W. Snoeys ?)

• Points d’attention

✓ Alternative pour ALICE3 OT MOSAIX proposé par le CERN ?

✓ Organisation interne MANTA: conciliation entre un Timing < 20 ps vs. < 1 ns (maintenir la 

compatibilité entre les 2 options, difficile)

✓ Poids des différentes applications exp = mouvant

• E.g. ALICE3 OT (~55m²) ≠ LHCb UP (~0.1 m², plus petit que le MFT ALICE2), etc..

• Échelles de temps

WP design converners:
• Mokrane

DAHOUMANE (IP2I 
Lyon)

• Xiaochao FANG (IPHC 
Strasbourg) 

• Gianluca TRAVERSI 
(University Bergamo) 

• Michael 
DEVEAUX (GSI) 
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25µm

25µm

𝐸 𝐸 𝐸 𝐸 𝐸

MIMOSIS (CBM-MVD) & options for sensing elements
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𝐸 𝐸 𝐸 𝐸 𝐸 𝐸 𝐸25µm

Spatial resolution
Rad. hardness

𝜎 = 4 − 5 µm
> 3 x 1013neq/cm²

𝜎 = 5 − 7 µm
> 30 x 1013neq/cm²
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Process modification: Standard? P-stop? N-Gap?
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• DC pixel – limited rad. hardness.
• AC Pixel – more biasing lines.• Better spatial res. at given rad. tolerance?

• Higher S/N => Robustness to external noise?
• Nuclear fragment ID by dE/dx?

Charge sharing volume (?)

Process options inherited from ALPIDE



Small / large collection electrodes
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• Small electrodes
• Small sensor capacitance
• Reduced noise & Power
• Less cross-talk

• Large collection electrodes
• Large sensor capacitance
• Large “natural” depletion volume
• Higher radiation tolerance
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Pixel grouping
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