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-Irradiation and measurements of test structures produced by Canberra 

-Structures under investigation:  square GCD, MOS capacitor 

-Current & Capacitance - Voltage (I-V & C-V) characteristics 

 

-Method: 

             -Irradiate the structure at one dose 

             -measure C-V, G-V, I-V, TDRC 

             -increase the dose 

             -continue the procedure up to 100MGy 

             -extract Nit, Nox, Jsurf and S0 

 

-Plots of Nit, Nox, Jsurf and S0 vs. dose 

-Comparison with the previous measurements 

-Conclusion and outlook 



                  Introduction to X-ray induced damage   
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Radiation damage induced by 12 keV X-rays (no bulk damage): 

Fixed oxide charges (Nox): 

      - positive charges in the oxide close to the Si-SiO2 interface 

      - shift in gate voltage 

Interface traps (Nit): 
      - traps at the Si-SiO2 interface 

      - with new levels in the silicon band gap 

      - can be charged or discharge (shift in gate voltage) 

      - contribute to the surface current 

 

Influence of Nox and Nit in silicon pixel sensors (relevance for AGIPD): 

      - electron accumulation layer 

      - increase of leakage current (power consumption) and inter-pixel capacitance (noise) 

      - reduction of breakdown voltage 

      - charge losses 

      - … 
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Test structures from Canberra 
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      Measurements on the p+ n diode 

Value calculated according to the inversion capacitance of MOS: 
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     Current & Capacitance Characteristics 

Inv. Dep. Acc. 

Acc. Dep. Inv. 



   Irradiation setup: DORIS F4 
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: ratio of dose in Si and in SiO2 

Beam profile: 

-Horizontal dis.: 4-5 mm (uniform) 

-Vertical dis.: 4 mm (FWHM of Gaussian) 
Collimator:  

0.5 mm x 0.5 mm 

Dose rate of chopper:  

1%, 10%  & 100 % 

Dose determination: 

Dose ~   for irradiating entire test field 
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                  C-V curves after 10min@80°C 

Fixed oxide charges: 

     -> shift of flatband voltage 

Interface traps:  

     -> shift of C/G-V curves 

     -> change of the slope 

 

10MGy 
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                 I-V curves after 10min@80°C 

-Increase of  Ileak after irradiations caused by Nit.   

10MGy 
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                 TDRC measurements after 10min@80°C 

Procedure: 

(1) Bias the MOS capacitor to 

accumulation-> fill interface 

traps with electrons; 

 

(2) Cool down the device to 

10K-> freeze traps; 

 

(3) Reverse the bias and heat up 

the device till 290K->trapped 

charges at Si-SiO2 interface get 

released. 

10MGy 

(reason for deep trap shifts not clear) 
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-Mathcad program for dose 1MGy 

after annealing for 10min@80°C. 

-Input the TDRC signal of each trap and Nox, 

change the effective capture cross section of 

electrons and try to find the best fit. 

-The program calculates the total Nit. 
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Extract Nox, Nit and Isurf 

1 MGy after 10min@80oC, 6 frequencies (1, 3, 10, 30, 100, 1000 kHz) shown in the plot 

1 kHz 

1 MHz 

1 MHz 

1 kHz 



  Extract Nox, Nit and Isurf 
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-Isurf   caused by 

generation of charge 

carriers at the Si-SiO2 

interface. 

Interface state density at the midgap  

(ni=1010  cm-3) 



Nox, Nit vs dose 
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Conclusions: 

     1. Nit and Nox shows similar dose dependence 

     2. Nit and Nox seem to be saturate around 100 kGy (but maximum@10 MGy)  

     3. Saturation values of Nit and Nox: ~ (1.5-2.0)×1012 cm-2 



Jsurf ,S0 vs dose  
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Conclusions: 

     1. Jsurf and S0 reach maximum @ 10 MGy, then decrease 

     2. Saturation values of Jsurf and S0: ~8 μA/cm2 & 5000 cm/s 

         (compatible with previous results from CiS) 



Conclusion & outlook 
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-In all the cases an increase of the density is observed till 10 MGy with 

subsequent decrease at 100 MGy for test structures from Canberra 

-Strange dose dependence at high dose to be understood 

-Results within similar magnitude of previous ones 
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Backup 
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Irradiation History 
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