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Motivation

New challenges as the LHC moves towards High Luminosity LHC.
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Motivation

Radiation hardness of particle detectors has to be improved to cope with high fluences.

ATLAS Inner Tracker Fluences at the HL-LHC
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Acceptor removal

*Apparent dopant removal due to the irradiation

°*Parameterization as

Neff<q)) = Neffo.e_c.q) + gD

* For neutron irradiation, incomplete acceptor

removal is also considered (NC < Neffo)

Neff<q)) Neff() — N, (1 — 8_6(1)) + g.P

Simulation can qualitatively reproduce
this behaviour without Boron removal
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Full Depletion Voltage (V)
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Acceptor removal - example

Example: Low Gain Avalanche Detectors (LGADs)

* LGADs have a highly doped layer to achieve gain

* Interesting for their timing capabilities

* However, the gain decreases when exposed to radiation due to ‘acceptor removal’
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Acceptor Removal previous Results

P. Almeida et al, 30th RD50 (2017) Proton irradiated
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Acceptor Removal space charge

—=- 10 ohm.cm The shape of the TCT waveform could not be used
_._zz:zhm::'m to check sign inversion because the sensors are
just 50 um. But by comparing the charge collected
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Acceptor Removal Type Inversion
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NB: Additional evidence of type inversion from an annealing study: P. Dias de Almeida et al. 31st RD50
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Acceptor Removal by proton Irradiation
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Annealing: 10 min @ 60°C
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Annealing: 10 min @ 60°C

Acceptor Removal by Neutron Irradiatio
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Acceptor Removal

M. Moll (2017)
https://doi.org/10.1109/TNS.2018.2819506
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TSC Proton Irradiation

Annealing: 10 min @ 60°C
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Change in Concentration [cm-3]
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Neutrons macro vs Micro

Is there a match between defects observed through TSC and the measured Nefffrom Cv?
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Neutrons macro vs Micro

Is there a match between defects observed through TSC and the measured Nefffrom Cv?
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Summary and Outlook

Work in progress to study acceptor removal:

 CV, IV, TCT and TSC were used to investigate the evolution of Neff vs fluence of detectors
of different resistivities irradiated by protons and neutrons

* Evidence of type inversion in p-type silicon was observed for some proton irradiated
sensors

» After correction for type inversion, Neff vs fluence plots were fitted to extract the acceptor
removal parameter ¢

» Strong dependence between BiOi production and resistivity was detected by TSC
measurements

e SIMS needed to measure Oxygen concentration
e Gamma irradiation should provide a cleaner environment to study BiOi properties

e TSC with light injection is in progress (single charge carrier filling)
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Annealing Study Interpretation of Neff

Data —_— Interpretation of the data
assuming type inversion
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Ny (cm™)

Anneali Ng Study TCT confirmation
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BiOi energy level

Emission parameters: E,(eV), o (cm?),

Defect Reference
TTSC (K),TDLTS (K)
B.O -0.23 L. C. Kimerling et al., "Interstitial Defect Reactions in Silicon", Materials Science Forum,
=t Vols. 38-41, pp. 141-150, 1989
B.O. -0.25 P. M. Mooney, L. J. Cheng, M. Sili, J. D. Gerson, and J. W. Corbett
= : Phys. Rev. B 15, 3836, 1977
B0, -0.24 4E-15, 98, 118 I;i%v;r?e:téglsadlatlon and Impurity Related Deep Levels in Si, PhD thesis, IMEC-KUL,
B,0; -0.27,3E-13, 96, 113 Schmidt, J., Berge, C., Aberle, G., Appl. Phys. Lett. 73, 2167, 1998
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BiOi Pool-Frankel
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