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Advanced detector simulations 

• Charge & damage creation
• Device physics, signal formation 
• Front-end response
• Simulation of data stream

WP 1.4. Simulation & Characterization
• The WP aims for enabling a fundamental understanding and optimization of the performance of particle detectors

• Increasingly complex sensors and readout ASICs require improved characterization, modelling and simulation, 

including radiation effects 
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Characterization Infrastructure 
Development

• Flexible readout systems
• Laser test stands (TPA-TCT)
• Defect characterization tools

Radiation-damage models

• Defect characterization
• Damage models & simulation
• Radiation hard devices
• LGAD and p-type silicon

Radiation monitoring techniques

• New radiation sensors
• Revision of NIEL scaling
• Dosimetry for ultra-high 

radiation levels
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Characterization Infrastructure 
Development

• Flexible readout systems
• Laser test stands (TPA-TCT)
• Defect characterization tools

Radiation-damage models

• Defect characterization
• Damage models & simulation
• Radiation hard devices
• LGAD and p-type silicon

Radiation monitoring techniques

• New radiation sensors
• Revision of NIEL scaling
• Dosimetry for ultra-high 

radiation levels

Highlight: Study of defects 

responsible for the radiation 

hardness limits of timing detectors 

for HL-LHC

Method: Thermally Stimulated Currents

Observation:  De-activation of acceptors

Boron  Boron-oxygen complexes

Highlight: Caribou DAQ

FPGA based flexible readout 

system development

Caribou DAQ for the new 

ATTRACT FASTpix

technology demonstrator;

serves as template for 

dedicated WP 1.2 ASIC 

developments in the pipeline



WP1.4. Highlight presentations
• Resources

• Core resources WP1.4. (2020/21)

• 0.5 FTE Fellow: Radiation Damage Characterization

• 0.5 FTE Fellow:  DAQ & Caribou Development

• 1 FTE PhD: Rad.Monitoring & Damage Simulations

• 75 KCHF/year material budget

• Further resources through other funds/programs:

• CERN PCB Fellow, EP/DT, Gentner, AIDAinnova, RD50, ..

• Close collaboration with the other EP-RD silicon WPs

• Participants (non exclusive)
• ..see WP1.4. website  + many more collaborators

https://ep-rnd.web.cern.ch/topic/simulation-and-characterization
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• Characterization of radiation damage

to LGAD sensors

• Esteban Curras Rivera (Fellow)

• Two-Photon Absorption TCT measurements 

on silicon sensors

• Sebastian Pape (DOCT)

• Revising the NIEL- Non Ionizing Energy

Loss Hypothesis

• Vendula Subert (DOCT)

• Anja Himmerlich (Fellow)

• Julian Boell (DOCT)

• Justus Braach (DOCT)

• …

• ..many more 

collaborators

https://ep-rnd.web.cern.ch/topic/simulation-and-characterization
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Low Gain Avalanche Detector (LGAD)
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LGAD characterization at Solid State Detectors (SSD) lab
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Important discovery: Gain suppression mechanism
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TPA-TCT setup at the SSD lab
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Inter-pad region of a HPK multipad LGAD
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Charge collection in a strip detector
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SEEs in a RD53B chip
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WP1.4. Highlight presentations

11.11.2021 EP R&D Day WP1.4. Characterization and Simulation 15

• Characterization of radiation damage  to LGAD sensors

• Esteban Curras Rivera (Fellow)

• Two-Photon Absorption TCT measurements on silicon sensors

• Sebastian Pape (DOCT)

• Revising the NIEL- Non Ionizing Energy Loss Hypothesis

• Vendula Subert (DOCT)



Revisiting the NIEL 
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Revisiting the NIEL 

11.11.2021 EP R&D Day WP1.4. Characterization and Simulation 17



Summary WP1.4.: Characterization & Simulation

• Characterization tools operational and made accessible to “clients/collaborators”

• Tool development: TPA-TCT and Caribou DAQ system developed and fully operational
• upgrades planned within WP1.4./AIDAinnova

• Further equipment in operation in the SSD–Solid State Detectors lab (see backup slide):
• CV/IV down to -30°C on cold chuck

• CV/IV down to -70°C in climate chamber

• Beta source measurements in climate chamber

• TCT (standard and edge) 660nm and 1060nm

• TPA-TCT (see this presentation)

• Cryostat (10K to 370K) for defect spectroscopy

- DLTS (Deep Level Transient Spectroscopy)

- TSC (Thermally Stimulated Currents)

• Characterization & Simulation of sensors and radiation effects ongoing 
• Aim: Revision of NIEL hypothesis, Understand the “Acceptor Removal Effect” (i.e. degradation of LGADs), develop 

defect and device engineering approaches, build-up simulation models for simulations
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CERN – SSD: Solid State Detectors lab
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