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Test campaign 

• Characterization of 18* RADFET 02-400nm IMPL units, manufactured by Tyndall 

National Institute (Ireland). 

• Production batch of the flight lot to be assembled in the boards of the CTTB of the  

ALPHASAT spacecraft radiation Environment and Effects Facility (AEEF) 

• Each RADFET package contains 4 RADFETS: 

 R#1 : 300/50 standard 

 R#2: 690/15 standard 

 R#3 : 300/50 passivated 

 R#4: 690/15 passivated 

Study of the variation of the RADFET voltage threshold shift, Vths, as 
function of the dose, for different temperatures, and assessment of 
potential long-term annealing effects. 

* 20 packages in the batch: 1 malfunctioning /1 kept for reference 



RADFET Carrier Boards 
dedicated board developed and produced at LIP to provide a stable thermal environment.   

• guarantee that a packages are correctly grounded 

• 3 RADFET packages/board at a specific temperature by means of a self-regulated PTC heater 
(20W/60ºC and 30W/80ºC) 

•2 PT100 Class B Thin Film Temperature sensors to monitor temperature during the irradiation 

 



Measurement setup 



Irradiation 

Procedure:  
In 10 krad irradiation steps, the threshold voltage of each the RADFET was measured by 
applying a constant current of 10 μA and measuring the source-drain voltage. 

The RADFETS were irradiated at the ESA/ESTEC Cobalt-60 facility, up to a total dose of 50 krad.* 
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HDR : High Dose Rate 
5000 rad/hour : total 50 krad 
10 hours: 19 April 2011 
 

LDR: Low Dose Rate 
36 rad/hour : total 58 krad 
63 days:  20 April  - 22 June 2011 
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* In Water: Dose in Si: ~20% less  



Thermal control  

Temperature, pressure and dose rate logging data recorded in the RADFET boards, during the 

five irradiation runs for the HDR regime. The temperatures were stabilized at 59.8ºC±0.2ºC and 

79.9ºC±0.2ºC for 5 runs of 2 hours each. 

the thermal heaters in the RADFET carrier boards show an excellent stability with T ~ 0.2ºC  
with the exception of the first minutes at the start of each 10 kRadrun for which the cooled RADFET 
packages were returning from the RADFET measurement setup and re-placed in the RADFET carrier boards. 
The mismatch of temperatures created a maximum shift of the temperature of the board of about 1ºC.  



Irradiation Data Analysis 

Vth_shift (t) = Vth(t) – Vth(t=0) 

Vth_shift (t) = a  Doseb 

*A. Holmes-Siedle et al. IEEE, 2007 and L. Ruckman et al. IEEE, 2006 and S. Stanic et al., NIM A 2005: 

The voltage threshold shift is calculated with respect to the threshold voltage reference 
values measured before irradiation. 

Model* : 

Procedure:   
 
• fits of the Vths (t) were performed on data for accumulated doses 0-20 krad and 20-50 krad. 
• average values of the fit parameters (a,b) were derived for each of the 4 RADFET types and for 
the 3 irradiation temperatures 
 
Error on dose : 4.2% 
Error on Vths: taken from RMS of measurements of the reference RADFET (1%) 



HDR Irradiation results 





HDR 

 

Expected threshold voltage shift as 

function of dose for RADFETs R#1, 

R#2, R#3 and R#4 at 25ºC, 60ºC 

and 80ºC, using mean parameters a 

and b for the 4 different RADFETS 

and temperatures. 



LDR Irradiation results 





LDR vs HDR 
Vth_shift (t) = a  Doseb 



HDR calibration factors 

HDR Irradiation  

Calibration factors 

T 
R
F 

from 0 krad to 20 krad from 20 krad to 50 krad 

a1 Error(a1) b1 Error(b1) a2 Error(a2) b2 Error(b2) 

25 
#
1 

0,79 0,07 0,63 0,03 1,69 0,16 0,38 0,03 

60 0,86 0,07 0,63 0,03 1,78 0,17 0,37 0,03 

80 0,91 0,07 0,60 0,03 1,66 0,16 0,39 0,03 

25 
#
2 

0,79 0,07 0,61 0,03 1,68 0,20 0,36 0,03 

60 0,86 0,10 0,60 0,04 1,79 0,26 0,35 0,04 

80 0,85 0,08 0,61 0,03 1,37 0,18 0,42 0,04 

25 
#
3 

0,84 0,07 0,61 0,03 1,59 0,16 0,40 0,03 

60 0,96 0,07 0,58 0,03 1,87 0,17 0,37 0,02 

80 1,04 0,08 0,54 0,03 1,81 0,16 0,36 0,02 

25 
#
4 

0,86 0,08 0,58 0,03 1,63 0,20 0,38 0,03 

60 0,99 0,08 0,55 0,03 1,68 0,20 0,38 0,03 

80 1,01 0,08 0,53 0,03 1,40 0,18 0,42 0,03 

Preliminary results  



LDR calibration factors 

LDR Irradiation  

Calibration factors 

T RF 
from 0 krad to 20 krad from 20 krad to 60 krad 

a1 (V) Error(a1) b1 Error(b1) a2 (V) Error(a2) b2 Error(b2) 

25 

#1 

0,81 0,06 0,70 0,03 0,99 0,12 0,64 0,03 

60 0,88 0,06 0,65 0,03 1,16 0,13 0,56 0,03 

80 1,03 0,06 0,59 0,02 1,64 0,13 0,44 0,02 

25 

#2 

0,76 0,06 0,71 0,03 0,91 0,12 0,65 0,03 

60 0,82 0,06 0,65 0,03 0,99 0,12 0,58 0,03 

80 1,01 0,06 0,56 0,02 1,49 0,13 0,44 0,02 

25 

#3 

0,88 0,06 0,66 0,03 0,99 0,12 0,62 0,03 

60 0,91 0,06 0,64 0,02 1,48 0,13 0,49 0,02 

80 1,02 0,06 0,59 0,02 2,19 0,14 0,36 0,02 

25 

#4 

0,78 0,06 0,70 0,03 1,04 0,13 0,61 0,03 

60 0,87 0,06 0,63 0,03 1,44 0,14 0,48 0,03 

80 0,98 0,06 0,57 0,02 2,16 0,15 0,33 0,02 

Preliminary results  



Annealing 
276/211 days for LDR/HDR irradiated samples 

) exp(-t/V + Vths=Vths(t)  0end 

Model:  
Vths should decrease exponentially with time, reaching a  minimum Vthsend value. 
(Vthsend=0   : complete recovery) 

Procedure:   
• fits of the Vths annealing  model were performed on data and fit parameters were derived. 
 

Error on time: 0.5 h 
Error on Vths:  
maximum fluctuation between neighbour measurements of the reference package.  



Temperature control 

Room temperature: 21 1 oC 



HDR Annealing Measurements 



LDR Annealing Measurements 



Fit parameters 
) exp(-t/V + Vths=Vths(t)  0end 



Outlook 

 Preliminary results  
 
•A calibration test campaign of RADFET dosimeters was conducted at the ESA/ESTEC Cobalt-60 
facility.  

 
• Irradiation runs were performed at three distinct temperatures: 25°C (room temperature), 
60°C, and 80°C and at high and low dose rates, up to 50 krad and 57.7 krad respectively. 

 
• After the irradiation runs, each RADFET sample underwent annealing during 276/211 days 
(LDR/HDR irradiated samples).  

 
• The voltage threshold shift values for the 72 irradiated RADFET devices in the 18 packages 
were measured during irradiation and annealing and the corresponding calibration curves 
were derived.  


