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C. Enz, A. Beckers and F. Jazaer, “MOSFET Compact Modeling down to Cryogenic Temperatures” C. Degenhardt, “Cryogenic QUBIT Control – The Tyranny of numbers, self-heating and everything“ 

“Deep Cryogenic” electronics for Quantum technologies

Future R&Ds will propose the development of novel quantum sensor technologies through the consolidation and 
scaling up of existing and emerging technologies;

provide advanced enabling infrastructures and key capabilities for the development of cryogenic electronics in 
order to solve “the wiring bottleneck” on quantum computers (see talk from Patrick Vliex);

cryogenic CMOS operating <4K and down to the mK will pave the way for scalability into the million qubit realm.
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Darkside-20K Veto Tile: Arlon-55NT substrate, 
hosts 24 SiPMs on front, front end QFN-20 
packaged ASIC electronics on back;

“Mild cryogenic” electronics for Liquid Detectors

Motherboard hosts 16 vTiles, sums 
signals from each quadrant; Outputs 
4 differential analogue channels.


Rare-event search on astroparticles: neutrino physics and direct dark matter detection using liquid scintillators 
e.g. Liquid Xenon (LXe) and Liquid Argon (LAr);


Single and dual-phase detectors employing (solid-state) photon sensors require front-end readout electronics 
operating at 165K (LXe) or 88K (LAr).

Need to commit to strong R&D programs for 
the development and deployment of new 
readout schemes suitable for future large-
scale neutrino and dark matter detectors; 
today’s solutions are not scalable.
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Future larger scale experiments will call for innovative cold 
integrated readout electronics implementing digital signal 
processing within the photosensor detection module. 


“R&D on the 5-year horizon for greater integration include 
(…) dedicated ASIC design; 3D-vertical integration R&D; and 
development of lower-power, larger-area and lower-
radioactivity photodetection modules.”

DRDT 2.1 - Develop readout technology to increase spatial and energy resolution for liquid detectors  achieve readout of more 
highly pixelated detectors with greater photon collection capabilities. 
DRDT 2.2 - Advance noise reduction in liquid detectors to lower signal energy thresholds  future liquid detectors requires R&D to 
achieve lower sensor and electronics noise.

DRDT 2.4 - Realise liquid detector technologies scalable for integration in large systems  detectors with sensor areas reaching 10, 
100 and ultimately 1000 m2.

→

→

→

Liquid Detectors: future facilities with cold 
readout and scalable DSP

Scaling up with cryogenic mixed-signal 
CMOS based photodetector technology.
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CMOS Process Design Kits typically valid down to 233K (-40°C), although models scale relatively well down to 
77K. This was verified with VDSM bulk and FDSOI technology nodes.


Cold CMOS PDKs are fundamental for the development of complex mixed-signal ASICs allowing for innovative 
detector architecture and concepts, data transfer, readout and control. A future collaboration R&D will certainly 
focus on infrastructures for device parameter extraction and modelling and development of cold PDKs. 


The sweet spot around LN boiling temperature (where we get the best of the MOSFET characteristics with still no 
saturation effects) opens promising prospects on the development of innovative readout concepts both for 
neutrino and dark matter detectors with noble liquids and, in general, for calorimeters and photo detectors 
operating at 77K.


The growing interest on the use of CMOS for Quantum Computing and Quantum Sensing could open new 
opportunities for collaborative efforts with selected silicon foundries on the optimisation of solid-state sensors 
and CMOS processes for operation at cryogenic temperatures.

Outlook for Cryogenic (CMOS) Electronics and future R&D
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