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The definition of Radiation Design Margin requirements and criteThe definition of Radiation Design Margin requirements and criteria to waive Radiation Verification Testing on flight lots is a ria to waive Radiation Verification Testing on flight lots is a controversial aspect of controversial aspect of 
Radiation Hardness AssuranceRadiation Hardness Assurance for for Total Ionizing DoseTotal Ionizing Dose . These discussions are critical for . These discussions are critical for linear bipolar devices linear bipolar devices as they are likely to show partas they are likely to show part--toto--part part 
and lotand lot--toto--lot variation in TID sensitivity. The work presented here investlot variation in TID sensitivity. The work presented here investigates the igates the withinwithin --oneone --lot lot andand interinter --lot variabilitylot variability on three different references. on three different references. 
Experimental characterizations and data analysis have been perfoExperimental characterizations and data analysis have been performed by TRAD and supported by the ESA. The onermed by TRAD and supported by the ESA. The one--sided tolerance limit (Ksided tolerance limit (KTL) method is ) method is 
usually considered for TID testing. It is compared to the usually considered for TID testing. It is compared to the Maximum Likelihood Ratio method Maximum Likelihood Ratio method which is investigated and provides an interesting accuracy.which is investigated and provides an interesting accuracy.

Devices Under TestDevices Under Test
Three different references were Three different references were 
irradiated and for each reference irradiated and for each reference three three 
lotslots were tested for parametric TID were tested for parametric TID 
characterization. characterization. 30 devices30 devices were were 
irradiated for each lot. The references irradiated for each lot. The references 
were irradiated under were irradiated under Cobalt 60Cobalt 60 . The . The 
irradiations were done at irradiations were done at 210 210 rad/hrad/h , at , at 
the the GAMRAYGAMRAY facility (TRAD, Tests & facility (TRAD, Tests & 
radiations radiations –– LabLab èègege, France)., France).
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First Level Analysis: First Level Analysis: 33--sigma approachsigma approach Second Level Analysis: Second Level Analysis: Maximum Likelihood RatioMaximum Likelihood Ratio
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Conclusion & perspectivesConclusion & perspectives
TID testingTID testing was performed on three lots for three different was performed on three lots for three different bipolarbipolar
references. The aim was to analyse the references. The aim was to analyse the lotlot --toto --lotlot and and withinwithin --oneone --lot lot 
variabilityvariability . The data analysis objectives were to characterise  the lot . The data analysis objectives were to characterise  the lot 
coverage based on 5coverage based on 5 --device sample size for testing, and to propose and device sample size for testing, and to propose and 
evaluate the Maximum Likelihood Ratio methodevaluate the Maximum Likelihood Ratio method based on the use of based on the use of 
confidence intervals. All the results are presented  in referenceconfidence intervals. All the results are presented  in reference [10].[10].
An interesting accuracy in the test data behaviour representatioAn interesting accuracy in the test data behaviour representatio n was n was 
observed with this proposed method. This has to be related to thobserved with this proposed method. This has to be related to th e e large large 
sample sizesample size (30 devices) taken into account for the calculation s and to (30 devices) taken into account for the calculation s and to 
the use of a the use of a confidence intervalconfidence interval on the mean on the mean µµ of the electrical of the electrical 
parameter measurement. The possibility of selecting  parameter measurement. The possibility of selecting  data from different data from different 
lotslots was also explored and led to interesting results. was also explored and led to interesting results. 
This work present an This work present an accurate wayaccurate way to estimate the to estimate the lot behaviourlot behaviour , and , and 
the method was evaluated through different examples . However, ththe method was evaluated through different examples . However, th e e 
required sample size is too large for space applica tions and furrequired sample size is too large for space applica tions and fur ther ther 
investigations have to be performed in order to ada pt this interinvestigations have to be performed in order to ada pt this inter esting esting 
methodology.methodology.

33--sigma approach, selection of 30 devices, 1 lotsigma approach, selection of 30 devices, 1 lot

33--sigma approach, 5 random devices among 1 lotsigma approach, 5 random devices among 1 lot

OutOut --ofof --specification TID level for specification TID level for mm + 3+ 3s s limitlimit

Max Likelihood Ratio method, 30 devices, 1 lotMax Likelihood Ratio method, 30 devices, 1 lot

Comparison of both methods, 5 devices among 1 lotComparison of both methods, 5 devices among 1 lot

MLR method, 10 devices selected per MLR method, 10 devices selected per 
lot, 3 lots plotted (30 devices)lot, 3 lots plotted (30 devices)

Schematic representation of the normal fit confiden ce Schematic representation of the normal fit confiden ce 
interval calculation. The frequency is plotted as a  interval calculation. The frequency is plotted as a  
function of the measured value for the electrical function of the measured value for the electrical 
parameter, and a normal law is fitted to the test d ata. parameter, and a normal law is fitted to the test d ata. 
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Comparison of both methodsComparison of both methods

Multiplication factor applied to sigma Multiplication factor applied to sigma s s at each TID step to at each TID step to 
replicate the Maximum Likelihood Ratio method resul ts. This replicate the Maximum Likelihood Ratio method resul ts. This 
gives an indication of the precision achieved with the proposed gives an indication of the precision achieved with the proposed 
method (P > 0.999 for C = 90). The impact of the de gradation method (P > 0.999 for C = 90). The impact of the de gradation 
curve shape of the selection can be observed. 30 de vices are curve shape of the selection can be observed. 30 de vices are 
considered at the top and 5 devices at the bottom.considered at the top and 5 devices at the bottom.

0

5

10

15

20

All the lots GE245074 GE334152 GE337030

O
ut

 o
f s

pe
ci

fic
at

io
n 

T
ID

 le
ve

l (
kr

ad
)

All components 5 best 5 worst 4 best 4 worst random selection 1 random selection 2

0

20

40

60

80

100

120

140

160

180

200

220

All the lots 0539A 1136A 1306A

O
ut

 o
f s

pe
ci

fic
at

io
n 

T
ID

 le
ve

l (
kr

ad
)

All components 5 best 5 worst 4 best 4 worst random selection 1 random selection 2

0

20

40

60

80

100

120

140

160

180

200

220

All the lots 0125A 0226A 1052A

O
ut

 o
f s

pe
ci

fic
at

io
n 

T
ID

 le
ve

l (
kr

ad
)

All components 5 best 5 worst 4 best 4 worst random selection 1 random selection 2

-1.0E-02

-5.0E-03

0.0E+00

5.0E-03

1.0E-02

1.5E-02

2.0E-02

2.5E-02

3.0E-02

0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200 210 220

Dose (krad)

V
rli

ne
1 

(%
/V

)

m m ± 3s Specification

-1.0E-02

-5.0E-03

0.0E+00

5.0E-03

1.0E-02

1.5E-02

2.0E-02

2.5E-02

3.0E-02

0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200 210 220

Dose (krad)

V
rli

ne
1 

(%
/V

)

m m ± 3s Specification

-1.0E-02

-5.0E-03

0.0E+00

5.0E-03

1.0E-02

1.5E-02

2.0E-02

2.5E-02

3.0E-02

3.5E-02

0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200 210 220

Dose (krad)

V
rli

ne
1 

(%
/V

)

Specification µ µmax+1σmax/µmin-1σmin m±3s m m±10s m±15s

0

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200 210 220

Dose (krad)

Ir
ef

 (
µA

)

m m ± 3s Specification

0

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200 210 220

Dose (krad)

Ir
ef

 (
µA

)

m m ± 3s Specification

0

2

4

6

8

10

12

14

16

18

20

0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200 210 220

Dose (krad)

Ir
ef

 (
µA

)

Specification µ µmax+1σmax/µmin-1σmin m±3s m m±4s m±5s

-1.0E-02

-5.0E-03

0.0E+00

5.0E-03

1.0E-02

1.5E-02

2.0E-02

2.5E-02

3.0E-02

3.5E-02

4.0E-02

0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200 210 220

Dose (krad)

V
rli

ne
1 

(%
/V

)

Specification µ µmax 90% µmin 90% µmax+3σmax

µmin-3σmin µmax+1σmax µmin-1σmin m±3s

-4

-3.5

-3

-2.5

-2

-1.5

-1

-0.5

0

0.5

0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200 210 220

Dose (krad)

V
io

 3
 m

od
ul

e 
3 

(m
V

)

m m ± 3s Specification

-4

-3.5

-3

-2.5

-2

-1.5

-1

-0.5

0

0.5

0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200 210 220

Dose (krad)

V
io

 3
 m

od
ul

e 
3 

(m
V

)

m m ± 3s Specification

-4.5

-4.0

-3.5

-3.0

-2.5

-2.0

-1.5

-1.0

-0.5

0.0

0.5

1.0

0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200 210 220

Dose (krad)

V
io

3 
m

od
ul

e 
3 

(m
V

)

Specification µ µmax+1σmax/µmin-1σmin m±3s m m±5s m±6s

KKTLTL = 2.742 for n = 5 (C=90, P=90)   [1]= 2.742 for n = 5 (C=90, P=90)   [1]
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33--sigma approach, selection of 30 devices, 1 lotsigma approach, selection of 30 devices, 1 lot 33--sigma approach, selection of 30 devices, 1 lotsigma approach, selection of 30 devices, 1 lot

33--sigma approach, 5 random devices among 1 lotsigma approach, 5 random devices among 1 lot 33--sigma approach, 5 random devices among 1 lotsigma approach, 5 random devices among 1 lot

OutOut --ofof --specification TID level for specification TID level for mm + 3+ 3s s limitlimit OutOut --ofof --specification TID level for specification TID level for mm -- 33s s limitlimit

Max Likelihood Ratio method, 30 devices, 1 lotMax Likelihood Ratio method, 30 devices, 1 lot Max Likelihood Ratio method, 30 devices, 1 lotMax Likelihood Ratio method, 30 devices, 1 lot

Comparison of both methods, 5 devices among 1 lotComparison of both methods, 5 devices among 1 lot Comparison of both methods, 5 devices among 1 lotComparison of both methods, 5 devices among 1 lot

MLR method, 10 devices selected per MLR method, 10 devices selected per 
lot, 3 lots plotted (30 devices)lot, 3 lots plotted (30 devices)

MLR method, 10 devices selected per MLR method, 10 devices selected per 
lot, 3 lots plotted (30 devices)lot, 3 lots plotted (30 devices)


