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APOLOGIES  
if your favorite R&D is not presented !!
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ECFA 2021: R&D Detector Roadmap

ECFA recommendation & synergies
K. Jakobs, FCC Physics Workshop, Feb 2022

Important similarities
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https://cds.cern.ch/record/2784893/files/ECFA%20Detector%20R%26D%20Roadmap.pdf?version=1
https://indico.cern.ch/event/1066234/contributions/4594216/attachments/2385532/4077058/ECFA_FCC_Physics_workshop_2022.02.07.pdf
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Requirements
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ECFA 2021: R&D Detector Roadmap

https://cds.cern.ch/record/2784893/files/ECFA%20Detector%20R%26D%20Roadmap.pdf?version=1
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Exploring new physics…
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Physics
a Flavour tagging
a Low pT tracks
a Vertex/Jet charge 

determinaSon
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Beam background O(10-50 MHz/cm2)

Physics O(Hz/cm2) 

Vertex reconstruction
a granularity
a Pitch ~17-20  µm 
a (ssp ~3-4 um)

Material Budget
a ~ 0.15% X0 / layer
a < 1% X0 for the whole VTX
+ ~0.3 % X0 for the beam pipe
+ 0.15% X0 for 5 µm Gold coaSng

Low material detectors & 
supports structures

RadiaSon hardness
O(100kRad/yr) & O(1011)neq/yr

Time resoluSon
O(1 µs)

Power consumption ~< 50mW/cm2

Fast read-out & low Power 
Architectures (~ 20 mW/cm2)

Cooling
Stiffness / Alignment

Constraints on vertex and tracker

Power pulsing (ILC) vs conCnuous beam (FCCee)

Rad.Tol. 
devices
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Requirements in summary
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• Spatial resolution : ~ 3 um (except LHCb, FCChh and Muon Colliders)
• Low material budget : 0.05 to 0.15 % X0
• Fast readout, low power consumption (< 20 mW/cm2 except for CLIC) 

compatible with air cooling.
• Increase Radiation Hardness and more R&D for Ultra-Fast timing for 

future Hadrons and Muon Colliders
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Vertex/tracking detector concepts
D. Dannheim., 11th BTTB 2023 

https://indico.cern.ch/event/1232761/contributions/5338927/attachments/2629874/4548397/silicon-sensor-technologies-future-ee-colliders_BTTB11_17Apr2023.pdf


Silicon Pixel R&D examples
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D. Dannheim., 11th BTTB 2023 

https://indico.cern.ch/event/1232761/contributions/5338927/attachments/2629874/4548397/silicon-sensor-technologies-future-ee-colliders_BTTB11_17Apr2023.pdf


Task Force 3 Solid State Detectors has identified the essential Detector R&D Themes (DRDT) 
which capture the most critical requirements:

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

• DRDT 3.2 - Develop solid state sensors with 4D-capabilities for tracking and calorimetry.
• DRDT 3.3 - Extend capabilities of solid state sensors to operate at extreme fluences.
• DRDT 3.4 - Develop full 3D-interconnection technologies for solid state devices in particle

physics.

DRDT

102nd ECFA Workshop,  October 11-13 2023, Paestum 
Implementa8on of TF3 Solid State Detector @ CERN, March 22-23, 2023 

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


• WG1 Monolithic CMOS Sensors
• WG2 Sensors for Tracking and Calorimetry
• WG3 Radiation damage and extreme fluences
• WG4 Simulation
• WG5 Characterization techniques, facilities
• WG6 Wide bandgap and innovative sensor materials
• WG7 Interconnect and device fabrication
• WG8 Dissemination and outreach

Working Groups
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R&D
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Hybrid pixel detectors
Reference 2
Reference 1
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P. Svihra et al., BTTB 2023

• R&D with Fraunhofer IZM for development of single-die bonding process
– Based on support wafer processing with SnAg bumps
– Verified for mulSple CLICpix2 assemblies in lab and beam-test

• 128x128 pixels with 25 μm pixel pitch
• 50 μm, 100 μm, 130 μm sensor thickness

• Enable to factorise R&D on sensors and readout ASICs.
• Take advantage of advancements in ASIC technologies and performances
• Bumping remains the main challenge as well as material budget, cost and

minimal pitch achieving.

provided by Nikon XT V 
160
by Abishek Sharma

X ray image of bumpsCross-section of bonded assembly

CLICpix2 ASIC bump-bonded to an active edge 
silicon sensor

Interconnection yield above 99.7%
for four tested devices

10.1088/1748-0221/18/03/C03008

https://arxiv.org/abs/2210.02132
https://arxiv.org/abs/2210.13046
https://indico.cern.ch/event/1232761/contributions/5315814/
https://iopscience.iop.org/article/10.1088/1748-0221/18/03/C03008
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Hybrid pixel detectors P. Svihra et al., BTTB 2023

https://indico.cern.ch/event/1232761/contributions/5315814/


• Benefits : 65 nm vs 180 nm
– Be4er spa6al resolu6on due to smaller feature size.
– Larger wafers :  300 mm vs 200 mm => final sensor : 27x9 cm2.
– Lower power supply : 1.2 V vs 1.8 V => Low power consump6on.
– Lower material budget : thinner sensi6ve layer ( ~            ).

• Provides 2D s7tching
• 7 metal layers
• Process modifica7ons for full deple7on:

– Standard (no modificaGons)
– Modified (low dose n-type implant)
– Modified with gap (low dose n-type implant with gaps)
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https://doi.org/10.1016/j.nima.2017.07.046

https://iopscience.iop.org/article/10.1088/1748-0221/14/05/C05013

Standard

Modified

Modified 
with gap

Exploring the TPSCo 65 nm 
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10µm
<latexit sha1_base64="GyQeqmjgDc3cGcHtdeBKoUHjtrA="></latexit>
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https://doi.org/10.1016/j.nima.2017.07.046
https://iopscience.iop.org/article/10.1088/1748-0221/14/05/C05013


ALICE – general purpose detector at LHC:
• Tracking (100 MeV/c – 100 GeV/c)
• Particle identification: π, K, p, e (0.1 – 50 GeV/c)

ITS2:
(S.Beolé, iWoRiD 2022)
• 7 layers of MAPS
• TJ 180 nm CMOS
• 12.5 Giga pixels
• Pixel size: 27×29 µm2

• Water cooling
• 0.3 % X0 / inner layer

ITS3 
(M. Šuljić, iWoRiD 2023)
• 4 outer layers of ITS2
• 3 new fully cylindrical 

inner layers
• Sensor size up to 27×9 cm
• Thickness 30-40 µm
• No FPCs
• Air cooling in acSve area

• 0.05 % X0 / inner layer

NIEL: 1013 neq /cm2

R=18 mm

Alice detector LS3 upgrade: ITS2 (180 nm) à ITS3 (65nm)
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R. Ricci, PSD 2023
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https://indico.cern.ch/event/1120714/contributions/4867268/attachments/2471350/4240365/Beole_finale.pdf
https://indico.cern.ch/event/1247911/contributions/5394536/attachments/2672764/4633667/2023-06-26_alice_its3_iworid_msuljic.pdf
https://indico.cern.ch/event/1230837/contributions/5518006/


• Submitted in December 2020
• Main goals:
– Learn technology features
– Characterize charge collection
– Validate radiation tolerance

• Each reticle (12×16 mm2):
– 10 transistor test structures (3×1.5 mm2)
– 60 chips (1.5×1.5 mm2)

• Analogue blocks
• Digital blocks
• Pixel prototype chips: APTS, CE65, DPTS

First Test Submission : MLR1

17
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• 2 matrix sizes
• 64×32 with 15 µm pitch 
• 48×32 matrix with 25 µm pitch

• Rolling shutter readout (50 µs integration time)
• 3 in-pixel architectures:

• AC-coupled amplifier
• DC-coupled amplifier
• Source follower

• 4 chip variants:
• Standard process 15 µm pitch
• Modified process 15 µm pitch
• Modified process with gaps 15 µm pitch
• Standard process 25 µm pitch

• Fabrication in September 2021
• Presented results from CERN PS beam test : May 2022

1.5×1.5 mm2

CE65 : Circuit Exploratoire 65 nm

18
2nd ECFA Workshop,  October 11-13 2023, Paestum 



A or D (std) C (mod) B (mod_gap)

Prevent circuitry’s nwells from 
collecting charge To obtain a full deple>on

To overcome the weak electric field 
near the edges

CE65 variants 19
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Pixel pitch impact was 
evaluated on standard 
process only

2nd ECFA Workshop,  October 11-13 2023, Paestum 



Process modification impact
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S. Senyukov, iWoRiD 2022
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https://indico.cern.ch/event/1120714/contributions/4867219/attachments/2471499/4240243/Exploration%20of%20the%20TPSCo%2065%20nm%20CMOS%20imaging%20process%20-%20Senyukov%20-%20IWORID22.pdf
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Modified process effec-ve for deple-on…

Cluster charge is not affected 
by process modification

Seed charge is affected by 
process modifica8on

2nd ECFA Workshop,  October 11-13 2023, Paestum 



Pixel pitch impact
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Cluster charge is not 
affected by pixel pitch

• MPV range 570-610 electron

Cluster charge
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WORK IN PROGRESS



A4-std 
15 um

D4-std
25 um

AC 311 284
SF 297 269

DC 261 232

• Seed peaks

Charge sharing increase
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Seed charge
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WORK IN PROGRESS
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D4-25umA4-15um

• 4 pixels contain all cluster charge for AC submatrix in A4-15um where it needs 5-6 pixels for D4-25um.
• Seed pixel contains:  more then 60% in average for A4

a liEle bit less then 60% in average for D4

Charge sharing

25

WORK IN PROGRESS WORK IN PROGRESS
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Simulations: ALLPix + TCAD
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C. Ferrero et al., TREDI, 2023
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Thickness 25 µm Thickness 35 µm Thickness 50 µm

https://indico.cern.ch/event/1223972/contributions/5262153/attachments/2602561/4494215/TREDI-2023-ChiaraFerrero.pdf


Stitching passive strip CMOS
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I. Zatocilova et al., iWoRiD 2023

Electric Field @ 100 V, Sentaurus TCAD simulaCon

Test Beam, Unirradiated

Test Beam, irradiated

https://indico.cern.ch/event/1247911/contributions/5394535/attachments/2673360/4634860/iworid2023_iveta-cmos_strips.pdf


SHtching acHve pixel CMOS 
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M. Suljic et al., iWoRiD 2023

W. Snoeys, PSD 2023

‣ First MAPS for HEP using stitching - one order of magnitude larger than previous chips

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

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

‣ Plenty of small chips (like MLR1)

https://indico.cern.ch/event/1247911/contributions/5394536/attachments/2672764/4633667/2023-06-26_alice_its3_iworid_msuljic.pdf
https://indico.cern.ch/event/1230837/contributions/5467287/attachments/2710589/4706952/PSD_2023_WS.pdf
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Bent sensor: reducing material budget
M. Suljic et al., iWoRiD 2023

‣ Observations: - Si makes only 1/7-th of total material budget - Non-
uniformity due to support, cooling & overlaps
‣ Removal of water cooling: - If power consumption < 20 mW/cm2 
‣ Removal of the circuit board for power & data: - If integrated on chip 
‣ Removal of mechanical support: - Self-supporting arched structure

ITS 2

ITS 3

https://indico.cern.ch/event/1247911/contributions/5394536/attachments/2672764/4633667/2023-06-26_alice_its3_iworid_msuljic.pdf
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VXD Prototype - CEPC 
T. Wu et al., PSD 2023 

15.9 mm

25.7 m
m

Pixel size: 25 𝝻m x 25 𝝻m 

TaichuPix3 : TJ-CIS 180 nm
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S. Li et al., BTTB 2023 

FPGA board FPGA board

Vertex Prototype Test Beam @ DESY

https://doi.org/10.1016/j.nima.2018.11.133

Preliminary Preliminary

https://indico.cern.ch/event/1230837/contributions/5518056/attachments/2706830/4705718/PSD13_CEPC_vertex%20_2023_0908.pdf
https://indico.cern.ch/event/1232761/contributions/5320968/attachments/2630354/4549480/TaichuPix3_11BTTB.pdf
https://doi.org/10.1016/j.nima.2018.11.133


Summary
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• Plenty of R&D to follow carefully.
• Exploring new technologies is very promising (TPSco65 

nm).
• Some detector requirements are achieved: spatial 

resolution (~5 um).
• Material budget is dras7cally reduced (bent sensors).
• Stitching sensors is very well advanced.
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THANK YOU


