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Introduction

 solid state detectors based on semiconductors are 
used in almost all particle physics experiments

 revolutionary performance improvements are 
needed for future experiments

 DRD3 as successor to RD50 Collaboration, 
extended by diamonds (RD42) and 3D integration
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2021 ECFA roadmap

https://cds.cern.ch/record/2784893/files/ECFA%20Detector%20R&D%20Roadmap.pdf


Organisation of the DRD3 collaboration

 Working group (WG) – long term collaborative R&D activity linked to certain technology / 
purpose / application / method aiming to fulfil the research goals; linked to semiconduction 
detectors, e.g.: 

 R&D outside particle physics application with benefits for HEP

 novel semiconductor material characterization ideas

 Working package (WP) – short / midterm strategic R&D activity reflected in the ECFA detector 
roadmap document – DRD Themes; will be supported by dedicated funding lines

 Common Collaboration Fund – finance Blue-sky R&D small projects, common hardware, 
common activities (e.g. organization of the schools, thesis awards, test-beam / laser-test / 
irradiation campaigns)
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in Canada:
Carleton + NRC,
SFU/TRIUMF



Organisation of the DRD3 collaboration
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drd3.web.cern.ch

February 2026

https://drd3.web.cern.ch/drd3-organization-scheme/


Present silicon sensor R&D
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G. Kramberger
March 2026 DRDC review

monolithic active 
pixel sensors

https://indico.cern.ch/event/1624314/
https://indico.cern.ch/event/1624314/


Monolithic silicon sensors (WG1)

 combine sensing and readout elements on a 
single silicon wafer

 integration of front-end electronics (amplifier, 
shaper, ADC, comparator, etc.)

 potential to use commercial CMOS processes:
fast, large-scale, low-cost production

 monolithic sensors are thinner, lighter, cheaper 
than hybrid devices

 tackle challenges of future colliders:

 fast charge collection

 high signal-to-noise ratio

 low power consumption

 high spatial and timing resolution
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hybrid pixel

monolithic
pixel sensor



The MALTA depleted monolithic active pixel sensor (WG1)

MALTA: Monolithic ALice To Atlas

 developed in 180nm TowerJazz CMOS imaging technology

 2 x 2 cm2 sensor with 512 x 512 pixel matrix

 thickness: 50 to 300μm

 performance:

 radiation hardness: up to 3 x 1015 neq/cm2 (NIEL), >100 Mrad (TID)

 time response <2ns

 process features:

 modified process with low dose n-type implant for uniform depletion

 further modifications (n-layer gap & extra deep well) to improve charge 
collection at pixel edges 

 high resistivity substrates for improved radiation tolerance

 outlook:

 new mini-MALTA3 demonstrator chips are being produced (ETA: July/August)

 migration to 65nm CMOS technology

◦ simulation efforts ongoing to verify performance (Carleton      )
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Caribou DAQ system

 open source, flexible, modular data acquisition 
(DAQ) platform for silicon pixel detectors
 laboratory studies and beam tests

 many DRD3 (RD50) pixel detector projects integrated, 

 ready-to-use, adjustable, and efficient 
prototyping platform for detector development

 currently working on final board design for 
Caribou v2.0 (among others at Carleton      )

 based on commercial System-on-Module (SoM)
 integrated on CaR board
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CaR board v2.0 test board
(no SoM)

Caribou website

https://caribou-project.docs.cern.ch/


Low-Gain Avalanche Diodes (LGAD)

 segmented semiconductor diodes have achieved 
excellent spatial resolution for particle tracking

 signal proportional to sensor active thickness

 time resolution limited by signal rise time and S/N

 not a problem if hit multiplicity low enough

 but:

 already in HL-LHC conditions, event pile-up can 
degrade physics performance → even worse in FCC

 timing information can be used to mitigate pile-up

 difficult to improve time resolution without 
compromising S/N in standard sensor design

 silicon detectors with deep p-type 
gain implant below cathode

 high electric field leads to
charge multiplication
(similar to avalanche diodes)

 low gain of 10-50

 LGADs can not only off-set 
lower signal, but also be used
for simultaneous position and 
timing measurement (~30ps)

 fine segmentation and fill factor become challenging

 fill factor and radiation hardness part of 
several WP2 projects

 fabricate LGADs in wide bandgap materials
e.g. SiC, GaN

➢ achieving sufficient radiation hardness for
future colliders is a major effort in the community
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Gallium Nitride (GaN) devices for sensing applications (WG6)

 GaN ubiquitous in high-power electronics, commonly 
used in UV photodetection, and under investigation 
for ionizing radiation detection

 wide bandgap material attractive for application in 
extreme conditions (high temperature / radiation)

 fast response due to high electron mobility

 increase material quality and reduce dislocation 
density by using native GaN substrate with thin 
epitaxial GaN layer

 previous Schottky fabrication runs at NRC 
Advanced Technology Facility

 electrical tests at RAL and Carleton

 new fabrication runs already planned with 
different flavours of GaN devices:
Schottky, p-i-n diode, Low-Gain Avalanche 
Diodes (LGADs)
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beam size 5x5 µm2 optical response
@RAL

trap characterisation
@Carleton



Summary

 DRD3 is a large international collaboration 
committed to semiconductor detector R&D

 many projects are working on detector 
solutions for future colliders like FCC-ee/hh

 interlink with other CERN DRDs

 synergies with other field (e.g. medical 
imaging, space, nuclear physics)

 R&D efforts of many groups expected to 
ramp up in coming years, once HL-LHC 
upgrades are finished
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drd3.web.cern.ch

https://drd3.web.cern.ch/


Backup
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Caribou v2 CaR (Control and Readout) Preliminary Architecture
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MALTA process modification 
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A. Vijay
HSTD14 slides

https://indico.phys.sinica.edu.tw/event/174/contributions/1921/attachments/961/2484/HSTD14_slide.pdf
https://indico.phys.sinica.edu.tw/event/174/contributions/1921/attachments/961/2484/HSTD14_slide.pdf
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