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Overview
▪ DRD3 collaboration on solid state detectors

▪ DRD3.1 monolithic CMOS sensors

▪ Research proposal document

▪ DRD3.1 WP projects

▪ First DRD3 collaboration week

▪ Zoom meetings for project proposals
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ECFA R&D Roadmap and DRD3

Solid state detectors chapter 3

DRD3 Research topics

WG1 Monolithic silicon sensors

WG2 Hybrid silicon technologies

WG3 Extreme fluence

WG4 Simulation

WG5 Characterisation techniques

WG6 Wide bandgap and innovative sensors materials 
(diamond, SiC, GaN)

WG7 Interconnections and device fabrication
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DRD3.1 Monolithic silicon sensors

▪ Aim is to advance the performance of monolithic CMOS, combining 
sensing and readout elements, tackling the challenges of:

‒ Very high spatial resolution
‒ Good timing performance
‒ High data rate
‒ High radiation tolerance
‒ Keeping an affordable cost
‒ Low mass
‒ Covering large areas
‒ Reducing power
‒ And ultimately combining all                                                                            

these in one single device

DRD3.1 research goals <2027

1.1 Position resolution: ≤3 µm

1.2 Timing resolution: towards 20 ps

1.3 Readout architectures: towards 100 
MHz/cm2, 1 GHz/cm2 with 3D stacked 
monolithic sensors, and on-chip 
reconfigurability

1.4 Radiation tolerance: towards e16 neq/cm2 

NIEL and 500 Mrad TID

1.5 Low-cost large-area CMOS sensors
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WG1 Programme and technologies
▪ R&D programme divided into three phases:

‒ Initial stepping stones developments for ALICE-3, LHCb-2, EIC, Belle-3, ATLAS, CMS and 
HGCAL (DRD6);

‒ the subsequent further developments for e+e− colliders;
‒ and lastly the R&D for MC and FCC-hh.

▪ Several complementary technology processes with features that are attractive 
for HEP detectors:

‒ Accessible to the HEP community;
‒ Wafer sizes of 200 mm and 300 mm;
‒ High resistivity bulk (through high resistivity epitaxial and Czochralski substrates of p- 

and n-type);
‒ Processes with node sizes ranging from 65 nm to 180 nm, and potential to optimise 

implant designs for charged particle detection;
‒ Availability of MPWs and/or dedicated engineering run with large reticles (with 

options for reticle stitching or 3D stacking to logic wafers).
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WG1 Planning
▪ Identified technologies:

‒ TPSCo 65 nm, LFoundry 110 nm, IHP 130 nm, LFoundry 150 nm, AMS/TSI 180 nm, TJ 
180 nm, low-cost large-area CMOS and 3D stacking.
• TSI discontinued its technology in 2023, and efforts focus now on the AMS 

technology;
• low-cost large-area refers to large-area monolithic CMOS sensors aimed at 

instrumenting hundreds of m2 in central tracking applications in future collider 
experiments.

▪ Submissions:
‒ The programme foresees several submissions in approximately 18 months cycles 

(design, submission and evaluation) until 2027.
• Proposed submissions in TPSCo 65 nm will take advantage of the runs currently 

proposed by CERN to be shared with the community;
• proposed submissions in the other technologies will be as offered by the foundry 

and/or Europractice.
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WG1 Planning
▪ Technologies and research goals:

‒ The programme does not exclude any of the identified technologies for any of the 
research goals initially, but it assumes that some technologies might be more suited to 
achieve certain research goals.

‒ As the programme progresses, it is anticipated that perhaps the research focus will 
shift from all to a sub-set of the identified technologies.

‒ It will be possible to add WP projects to achieve the combination of multiple 
research goals in one single device, which is an important challenge that needs to be 
met for strategic applications, as the collaboration develops
• e.g. to achieve devices with high spatial granularity and fast timing while 

consuming little power;
• e.g. to achieve devices with fast data rate and high radiation tolerance while 

consuming little power.
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Work Package projects

▪ Work Package projects proposed by groups of institutes interested in 
specific questions within the DRD3 research goals.

▪ Projects will investigate research goals by:
‒ Designing and simulating the sensor;
‒ Submitting the design for fabrication;
‒ Developing specific data acquisition systems (e.g. chip carrier 

boards, firmware, etc.)
‒ Characterising the fabricated devices in lab measurements, 

irradiations, and test beams as appropriate.
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1st DRD3 week – WG1/WP1 CMOS technologies session

• 3 reports from 
experiment-oriented 
developments

• 12 reports from 
“generic” R&D

• 8 project proposals (+ 
further project 
proposals in zoom 
meetings)
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Four new project proposals 
on different interesting 

topics

https://indico.cern.ch/event/1458026/

Essentially about MAPS with ns timing & power over fibre, 
using TPSCo 65 nm

Positive meeting and 
discussions with many 

interesting questions about 
science 
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One new project proposal

https://indico.cern.ch/event/1458026/

Six updates (projects 
presented at the first DRD3 

week already)

https://indico.cern.ch/event/1469442/
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Project proposals
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How to improve further?
• Intrinsic gain allows to:

• Improve S/N → Improve on time resolution
• Reduce FE power consumption
• Reduce pixel pitch

• Ultimate goal is reaching 20 ps resolution (RG 1.2)
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Conclusion
▪ DRD3 aims to advance the performance of monolithic CMOS, combining sensing and 

readout elements, tackling several challenges (very high spatial resolution, good 
timing performance, high data rate, high radiation tolerance, covering large, reducing 
power, etc.)

▪ Several Work Package projects                                                                                             
proposed within the DRD3 research                                                                                            
goals.

▪ In several technologies.

DRD3.1 research goals <2027

1.1 Position resolution: ≤3 µm

1.2 Timing resolution: towards 20 ps

1.3 Readout architectures: towards 100 
MHz/cm2, 1 GHz/cm2 with 3D stacked 
monolithic sensors, and on-chip 
reconfigurability

1.4 Radiation tolerance: towards e16 neq/cm2 

NIEL and 500 Mrad TID

1.5 Low-cost large-area CMOS sensors
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Reports from experiment-
oriented developments
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Belle II Vertex Upgrade
• Planned for LS2 (~2028)
• 5 straight layers with DMAPS
• Identical chips on all layers
• Different features enabled 

on different layers

TJ 180 nm technology

OBELIX = Optimized BELle II pIXel sensor
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High Gain Pixel
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STCF = Super Tau Charm Facility

Higher priority on the power 
consumption than the 

spatial resolution
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Reports from “generic” R&D
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General R&D on DMAPS for future 
applications in smaller experiments:
• For in-house experiments at PSI
• Also applications outside physics
• Main motivation is low material 

budget 
• Typical specifications are: 

relatively low data rates, low 
radiation tolerance, low-power 
and timing resolution of O(100-
200ps)
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Micro Vertex Detector (MVD) of CBM
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Main goal is to organise into 
modules and adapt the RD50-
MPW4 current firmware to the 
Caribou’s new Boreal firmware 

architecture

Current Caribou
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• Pixel implant structure with 
internal gain for tracking, timing or 
time-tagging

• Inspired by development of LGAD 
sensors, but applied to industrial 
CMOS processes (180 nm CMOS)

• First prototype available and 
tested, aimed at studying gain layer 
performance as function of several 
process parameters
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• Motivation is Belle II LS2
• Monolithic active CMOS pixel 

sensor OBELIX
• Also generic R&D for future 

colliders (e.g. FCC)
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Focus on two technologies:
• Tower 180 nm is a well-established 

technology
• Tower 65 nm is where future cutting-

edge developments are made
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