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Proton and neutron irradiation
From ~ 7x1013 to 7x1015 neqcm-2
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Annealing Study (@60ºC)

Annealing curves show evidence of type inverted 
detectors — later confirmed by TCT. For more 
details, see dedicated presentation in the 31st 
RD50 workshop.

20/02/2018 P. Dias de Almeida - 13th Trento Workshop



△ Depletes from the top
▽ Depletes from the bottom

Type inversion on 
this half of the plot
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Every detector was measured in TCT (top, bottom and infrared) and checked for type 
inversion — at higher fluences half of the plot was found to be type inverted.



ρ [Ω.cm] -Neff0 [cm-3] c [cm2] gc [cm-1]

10 1.16e15 6.20e-15

7.63e-3
50 2.20e14 2.28e-14

250 4.21e13 3.44e-14

1000 8.25e12 5.47e-14

Fitted function:

20/02/2018

    

P. Dias de Almeida - 13th Trento Workshop

Annealing: 10 min @ 60ºC

measured fitted



ρ [Ω.cm] -Neff0 [cm-3] -Nc [cm-3] c [cm2] gc [cm-1]

10 1.16e15 1.13e15 3.39e-15

-4.50e-03
50 2.20e14 2.08e14 2.08e-14

250 4.21e13 3.90e13 1.87e-14

1000 8.25e12 6.81e12 5.43e-14

Fitted function:
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Annealing: 10 min @ 60ºC

measured fitted



ρ [Ω.cm] -Neff0 [cm-3] -Nc [cm-3] c [cm2] gc [cm-1]

10 1.16e15 1.13e15 3.39e-15

-4.50e-03
50 2.20e14 2.08e14 2.08e-14

250 4.21e13 3.90e13 1.87e-14

1000 8.25e12 6.81e12 5.43e-14

Fitted function:
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Annealing: 10 min @ 60ºC

measured fitted

No Type Inversion
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 G. Kramberger, 11th Hiroshima Symposium
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Updated Epi Neutrons
Updated Epi Protons
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● Gives a spectrum of the defects in the 
detector by measuring the leakage current 
while ramping up the temperature

● Allows for the estimation of defect 
concentration by measuring released charge 
by the defect’s peak

There is a clear dependence of the BiOi peak with 
the initial Boron concentration. Suggesting that 
the main mechanism for acceptor removal is:

I + Bs → Bi

Bi + Oi → BiOi
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Assumptions:
● E(30) are donor like defects and contribute positive space charge
● H(116)-H(140)-H(152) are acceptor like defects and contribute negative space charge
● BiOi contributes twice its concentration
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2×[BiOi ]+[E(30)]-[H(116)]-[H(140)]-[H(152)]
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Assumptions:
● E(30) are donor like defects and contribute positive space charge
● H(116)-H(140)-H(152) are acceptor like defects and contribute negative space charge
● BiOi contributes twice its concentration
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There is a clear correlation between the concentration of the defects observed through TSC, 
and the Neff change measured by CV

2×[BiOi ]+[E(30)]-[H(116)]-[H(140)]-[H(152)]
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● Annealing at 60ºC
● Up to 20480 min or  ~14 days of accumulated annealing
● Neff calculated from CV measurements
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50 Ω.cm

△ Depletes from the top
▽ Depletes from the bottom
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