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If the project is planned as part of a larger collaboration, 
please state the names and affiliations of all partner 
organisations 

Imperial College London: Paul Dauncey 
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Project details 
 

CMOS sensors; 3D stacked imaging technology; tracking detector; digital electromagnetic 
calorimeter. 

Please state the proposed title of the project: A 3D stacked, reconfigurable CMOS sensor for tracking and digital electromagnetic 
calorimetry. 
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Please provide a brief (less than 300 words) overview of the project, including high level aims and objectives 
 
This project will progress the development of a reconfigurable CMOS sensor taking advantage of 3D stacked CMOS imaging technology. The proponents 
have already worked on two prototype iterations in a 180 nm CMOS imaging process, the DECAL sensor. This sensor features demonstrated reconfigurable 
readout options for use in outer tracking and pre-shower detectors in strip mode, and in digital electromagnetic calorimeter (ECAL) detectors in pad mode, 
presenting a cost-effective solution to instrument thousands of square meters at future experimental facilities.  
 
3D technology is the optimal choice to continue the development of this sensor. The decoupling of sensor and analogue functionality on one layer, from 
the digital functionality on a separate layer, enables higher logic density in a smaller pixel pitch with respect to monolithic CMOS sensors at the same 
technology node. The technology also has the potential for reduced power consumption and offers stitching with a larger number of metal layers to enable 
efficient power and signal distribution and higher yield. The 3D DECAL development could integrate higher reconfigurability within a smaller pixel size and 
a low power budget, in a larger size device. It will deliver the capability of counting pixels per cluster needed for digital ECAL, enable high precision tracking 
and integration in large digital ECAL systems, and provide device sizes compatible with large area coverage, at a lower price than finer CMOS imaging nodes. 
 
In this first iteration, the proponents aim at adding a third readout mode to the DECAL sensor for use as a pixel detector in inner layers, while decreasing 
the 55 µm pixel pitch of the existing prototypes, and optimising the pixel front-end design for low power. The development will be made using the 
TowerJazz 180 nm 3D CMOS imaging process, offered in one of the four annual MPW runs at this foundry.  
 

Please provide a brief (less than 300 words) overview of 
 
• who the project will benefit  
• how the project has been developed from STFC science and technology   



 

 

 
This project will benefit the international and UK DRD efforts in the development of key technologies identified by the ECFA roadmap to enable the 
ambitious physics programme at future experimental facilities. It proposes a strategic R&D project on reconfigurable 3D CMOS sensor for use in pixel, 
tracking, pre-shower and digital ECAL systems. The work is aligned with the DRD-UK tasks 3.3 and 6.1, and with the ECFA DRDT 3.4, 6.1 and 6.2. This 
proposal will provide the basis for a larger international collaboration within the international DRD3 and DRD6 efforts with colleagues at DESY, Humboldt 
University of Berlin, National Technical University of Athens, SLAC, University of Oregon who expressed interest in this development. 
 
This work will be the first demonstration of the use of a commercial 3D CMOS imaging technology for application in particle physics, and it will present an 
opportunity to gain expertise in this technology for other applications that could significantly benefit of its advantages over standard CMOS imagining 
processes. In particular, 3D stacking technology distinctive advantages in terms of signal and power distribution will be capable of underpinning larger 
and faster detectors for X-rays and cryo-electron microscopy. Large sensors for 100keV electron microscopy will benefit from proven and reliable 3D 
integration. The proximity between pixel and progressing/storing electronics is also ideal for large and ultra-fast burst mode imagers, a niche but growing 
market. 
 
The expertise of the proponents, the use of an already prototyped sensor design and of a process offered already for large volume commercial 
applications will de-risk the project.  
 
Previous work on the DECAL sensor [1-5] was funded through the STFC grant ST/N002911/1 and it has reached TRL 4. 
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