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Proposal from:

-Dario Bisello, Dipartimento di Fisica, Università degli studi di Padova, Via Marzolo 8, I-35100 Padova, Italy
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-Andrea Candelori, INFN Sezione di Padova, Via Marzolo 8, I-35100 Padova, Italy

(tel: +39-049-8277215, fax: +39-049-8277237, e-mail: candelori@pd.infn.it);

-Jeff Wyss, DIMSAT, Universita' degli Studi di Cassino, Via Di Biasio 43, I-03043, Cassino (FR), Italy
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1) Radiation effects in silicon detectors for very high luminosity colliders

Dipartimento di Fisica and INFN, Padova; Università di Cassino.

Beam time request: 2 days with protons and 2 days with heavy ions (new or going on experiment)

Motivation and summary of the experimental results
The next generation silicon detectors for future very high luminosity colliders or a possible LHC upgrade scenario will require radiation-hard detectors for equivalent fluences up to 1016 1-MeV neutrons/cm2. These high fluences present strong constraints because long irradiation times are required at the currently available proton irradiation facilities. Energetic (58 MeV) Lithium ions present a hardness factor that is (27.3 ((84.7) times higher than 27 MeV (24 GeV) protons, and consequently are a new promising radiation source for investigating the radiation hardness of silicon detectors up to very high particle fluences.

In this semester, in the framework of the CERN RD50 Collaboration, we have irradiated silicon diodes processed by CNM on standard and oxygenated silicon substrates by 58 MeV Li ions. The radiation-induced effects are very similar to the ones observed after proton irradiation: substrate space charge sign inversion (SCSI), lower increase of the effective substrate doping concentration after SCSI for the oxygenated devices. The experimental radiation hardness factor has been determined to be 45.01 in agreement within 8.2% with the expected theoretical value. These results suggest that 58 MeV Li ions are a suitable radiation source to simulate the huge radiation field expected at the future very high luminosity hadron colliders.

Proposal for the next semester

The planned activity for the next semester is to irradiate standard and oxygenated ([O](1017 cm-3) float zone silicon diodes from different manufacturers (IRST and ST Microelectronics) in order to highlight process related effects on the substrate radiation hardness. Moreover, diodes manufactured on new substrates featuring interesting radiation hardness properties will be ready for radiation tests after summer:

1) devices designed at the Helsinki University on 300 (m thick magnetic Czochralski silicon substrates, which present an oxygen concentration ([O](1018 cm-3) higher than oxygenated float zone diodes. High oxygen content in the silicon substrate allows the mitigation of the depletion voltage variation after the substrate space charge sign inversion;

2) devices designed by the Hamburg University on 50 (m thick low resistivity (50 ((cm) epitaxial substrates. Thin and low resistivity substrates allow to be depleted at moderate bias voltage and thanks to the high substrate doping present the space charge sign inversion phenomena at very high particle fluences.

The final goal of this research is the determination of the best materials and processes for the future detectors at the very high luminosity colliders.
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