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Introduction 

Main goal: 

 predicting the future of a detector exposed 

to damaging radiation 

Common procedure: 

 radiation hardness test and calculation 

of damage coefficients 

CCE = 1 – Kef × Dd 

Dd = fluence × NIEL 

Kef is NOT a material property 



50 μm scCVD from DDL 

6 μm scCVD membrane 

Samples 



Membrane detector 

Contacts 
 sputtered Al 

   (around 300 nm) 

Plasma etching 

 Magnetron sputtering device PVD -      

   PLASSYS  

 Ar/O2 plasma 

 

Laser cutting 
 wedge ~ 1 μm 

scCVD 

 Element Six 

 Thickness: 300 μm 

 [N]< 1 ppm  

 



Irradiation 

4.5 MeV protons 

1.3 MeV protons 



IBIC analysis 

detector preamplifier 

shaping 
amplifier 

ADC computer 



50 um DDL detector Membrane detector 

CCE degradation 



Combined data for both detectors 

CCE degradation 



CCE degradation 

Start 

 CCE profile is the solution to adjoint equations: 

  SRH result for the lifteme: 
weak point of the model 

 total CCE is the convolution of η(x,Φ) and ionization profile of the probing ion Γ(x): 



CCE degradation 

Assumptions and inputs 

 similar probability for electron and hole trapping  

 low damage regime, vd×τ > d 

Analitical solution 

D* - efective fluence 

vacancies: 

ionization: 

Short range probe, 1.8 MeV C: 

 nearly homogeneous vacancy profile of damaging ion 

 homogeneous ionization profile of probing ion 



Damage dose approach Modelling results 

CCE degradation 



Polarization issues 

detector grounded for 5 min, beam OFF detector grounded for 30 sec, beam ON 

scanning area: 

200×200 μm2 



Polarization issues 

1.8 MeV C, range = 1.13 μm 

+30  V 

-30  V 

7.2 MeV C, range = 3.25 μm 

+30  V 

-30  V 

+30  V 

-30  V 

12 MeV C, range = 5.36 μm 



Polarization issues 

1.8 MeV 
C-ions 

+30 V 
12 MeV  
C-ions 

+30 V 

 detector polarized by 1.8 MeV C on +30 V 

 signal recorded with 0 V bias and opposite 

polarity on shaping amplifier 
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