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Thin silicon sensors for extreme fluences: a doping
compensation strategy
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Future hadronic colliders, like FCC-hh, demand efficient tracking detectors in environments with expected
fluences exceeding 1 ×10 17 1MeV neqcm−2.
Thin Low-Gain Avalanche Diodes (LGADs) emerge as promising candidates for 4D tracking in upcoming ex-
periments, exhibiting precision in timing and tracking capabilities. Their internal signal amplification proves
effective in mitigating radiation damage effects (e.g., charge collection efficiency loss) up to approximately 3
×1015 neqcm−2. A significant performance deterioration has been observed above 5 ×1015 neqcm−2, when
the acceptor removal effect completely neutralizes the charge multiplication mechanism.
Within this framework, the CompleX project aims at extending the operation range of silicon detectors as
4D trackers up to 5 ×1017 neqcm−2. The project envisions achieving this unprecedented radiation tolerance
through a novel comprehension of radiation damage saturation and an innovative design for the LGAD gain
layer with compensated implants. In compensated design, the gain layer results from overlapping p+ and n+
implants: the effective doping concentration will be similar to standard LGADs. Both acceptor and donor
atoms will undergo removal with irradiation, but if properly engineered, their difference remains constant
even with irradiation, ensuring enhanced radiation resilience. Applying these breakthroughs to thin LGAD
sensors (20–40 µm) with an internal gain of 10-20, enables the design of innovative silicon sensors operating
efficiently up to the target fluence.
Understanding and modeling the radiation damage effects up to 5 ×1017 neqcm−2 has the utmost impor-
tance, and state-of-the-art Technology CAD tools will be used for the purpose at hand. Numerical modeling
strategies for extreme fluences will be presented. Measurements and signal analysis of the first production
of compensated LGADs (FBK foundry’s release in late 2022) before and after neutrons irradiation, will be
presented and discussed and future design evolution for compensated LGADs will be envisaged.
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