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Introduction 
 

Radiation processing 
 

•  Multi-MeV electrons or gamma rays (typically 60Co) 
•  from Gy/h up to MGy/h  
•  Vast application ex. nanotechnology, space science, 

sterilization, cultural Heritage, polymer science 
•  According to the dose rate, different dosimetry techniques are 

adopted, mainly passive: Fricke, Red Perspex, Alanine, TLDs 

Active-type dosemeters would be desirable 
•  Speed up measurements 
•  Investigate transients (e.g. dose delivered when source is in 

motion) 
•  Establish an array of active points in the irradiation cell 
 



60Co Calliope facility at ENEA Casaccia 
 
 
 
 
 
 
 

•  Pool-type irradiation facility in a shielded cell (7×6×3.9 m3)  
•  Licensed activity 3.7 x 1015 Bq (100 kCi) 
•  Maximum dose rate (Dec. 2020) 8 kGy/h 
•  Irradiation at different dose rates, atmospheric, temperature and bias 

conditions 
•  Simulation of the gamma field by Fluka/MCNP codes. 
•  Online tests and remote acquisition. 
•  Single camera and touch screen display control integrated (anomalies 

and test parameters) monitoring system. 
 

Cherenkov	effect	
around	the	25	source	
rods	in	the	plane	rack		
(source	area:	41	x	75	
cm2)	



60Co Calliope dosimetry laboratory 
 
 
 
 

 



This study 

ENEA – INFN Collaboration 
 

•  ENEA Calliope 60Co irradiation facility  
•  Diode-type active detectors: 
   1 mm2 Silicon     (Gap @ 300 K = 1.1 eV) 

  1 mm2 Silicon Carbide  (Gap  2.3 ÷ 3.3 eV) 
•  Detectors unbiased  
•  Exposed at 2.7 kGy/h (alanine ESR dosimetry; s.d. ±4%)  
•  Accumulated dose in the hundreds kGy range  
•  Radiation-induced Inverse current measured with 

custom readout  
•  Real-time evaluation of the rad-induced degradation 

of the response 
 



 
Results 

 
For every semiconductor 

the plots in the following slides report: 
 

ü  Response in terms of Inverse current per unit 
dose rate (nA�kGy-1�h) as a function of the 
accumulated dose 

ü  Degradation of the response as a function of the 
accumulated dose (% kGy-1) 

 



Silicon Carbide (data up to 350 kGy) 
 
 



Silicon Carbide 
 
 



Silicon (data up to 250 kGy) 
 
 



Silicon 
 



Summary of results & conclusions 
 

•  Silicon Carbide 

ü  For doses > 50 kGy, the response change is 
lower than -0.2% / kGy 

ü  No Temperature dependence 

•  Silicon 
ü  For doses > 50 kGy, the response change is 

lower than -0.3% / kGy 
ü  A 24-h periodic cycle is visible (Temperature 

dependence)  

Next 
  -  Correct T-dependence for Silicon 
  -  Expand dose range to 1 MGy 
  -  Include other semiconductors 
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