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Disclaimer

This is not an up-to-date status of radiation damage status 
There are people which to-day work on these topics 

My aim is 
- to give an introduction to radiation damage applicable to the silicon sensors currently used at the LHC 
- to motivate the usage of n-in-p at HL-LHC 
- to raise awareness that models are phenomenological descriptions and the defects used therein are not actual defects in silicon 
- to raise awareness that acceptor-removal and donor-removal are simplifications of what actually happens in the lattice
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Radiation damage: types
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Microscopic defects
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NIEL scaling
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some equations
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Measurements with diodes
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Change of leakage current
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Change of depletion voltage
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Annealing of Neff
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Trapping
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Change of detector properties
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Known defects in silicon
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Impurities - oxygen
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Impurities - oxygen
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Impurities - oxygen
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Proton vs. Neutron Irradiation
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[Data: I.Pintilie et al., NIMA 611 (2009) 52]
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Proton vs. Neutron Irradiation
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Neutrons
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Protons
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Known defects in silicon
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Why p-type silicon (n-in-p) for HL-LHC

• Depeletion Region grows from backside 
• non-depleted, i.e. isolation layer beneath front side —> 

lose resolution as charge not collected on electrodes 
• collect holes —> trapping  

• ==> overall loss of CCE and (if not depleted) resolution D
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• Depeletion Region grows from segmented side 
• non-depleted, i.e. isolation layer beneath front, non-

segmented side —> lose charge but nor resolution 
•  collect electrons —> far less trapping  

• ==> smaller loss of CCE 

what happens in sensor after inversion:
p+ - in - n sensor: n+ - in- n or n+ - in - p sensor:

non - depleted

active 
region  



Summary
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This is not an up-to-date status of radiation damage status 
There are people which to-day work on these topics 

My aim is 
- to give an introduction to radiation damage applicable to the silicon sensors currently used at the LHC 
- to motivate the usage of n-in-p at HL-LHC 
- to raise awareness that models are phenomenological descriptions and the defects used therein are not actual defects in silicon 
- to raise awareness that acceptor-removal and donor-removal are simplifications of what actually happens in the lattice
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DESY ATLAS Meeting, 10.December 2010 Doris Eckstein, DESY 58

Towards the Origin of the Leakage Current

•Bistable defect E4/E5 
•Correlation with leakage current found
àWhat type of defect is this?
àHow large is the impact on the leakage current?

[A.Junkes at RD50 Workshop May/June 2010]
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Towards the Origin of the Leakage Current
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Good progress in understanding the 
origin of leakage current

•Annealing study 

•Disentangle different defects 
through their different 
annealing behaviour 
 (change of cluster-
configuration happens at 
different activation energies;
E5 till 100°C, E205 starting 
from 140°C )

•Change in defect 
concentration vs. change in 
leakage current

Work in progress…[C
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