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Tests & radiations

= Introduction

Influence of SEE rate prediction parameters
» Influence of device parameters
* Influence of Weibull fit adjustment parameters
» Influence of radiation environment

* Implementation of uncertainty statistical estimation
for SEPR calculation in OMERE

» Weibull fit optimisation
» Statistical approach
» Confidence interval

= Conclusion
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Tests & radiations

Combined Individual
Mixed particle environment  ompjdirectional Single particle environment Unidirectional
species eﬁleCts environment sources eﬁleCts environment
Broad (:nergy FIight r.ltbtc:ual t Monoentergetic Ground Car‘tl'chate':j
spectrum —> article rates spectrum —> article rates
P Event P P Test P

Actual conditions €= == == == == == == == - - == Simulated conditions
How accurate is the
ground test in predicting space performance?
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Tests & radiations

* Influence of SEE rate prediction parameters
» Influence of Device parameters
* Influence of Weibull fit adjustment parameters
» Influence of radiation environment
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Tests & radiations

= Parameters studied
» Saturation cross section cg,;
» Depth of the sensitive volume ¢
*» LET threshold LET,,

= OMERE (freeware www.trad.fr) component database created with over 2000
theoretical components
* 10°9< o4, <103 cm2
1<¢c<100 pm
1<LET, <40 MeV.cm2.mg-’
1<W<50
1<S<20

vy ¥ 9 @

* The SER calculations have been performed with 3 sensitive volume (SV) types

a

ey .
4 Cubic SV Flat SV
c~a c<a
Deep SV a a
C > a 2 j/' = -+ 2
£
P!
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Tests & radiations

2~ = Fordeep SV, the SER is mainly due to particles with LET values
around (and above) the LET,,

* Direct relation tolerable between the LET,;, measured during the test
and the LET spectrum of the environment

*» Conclusion - the LET,;, must be carefully measured during the test in
order to avoid a significant increase of the error margin

a

a

“ = For cubic SV Vi

» The c value has a great impact on the SER c|

* Forflat SV
» For commonly used variation of ¢ (1 to 10 ym), the impact on SER is

negligible a
] /
B
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= For W,S wide variation, the ratio .
between the lowest and highest S
SER can reach 10°

» W,S define the “elbow” region of
o(L) = LET range of particles

involved in SEE occurence ) / — 4
= W and S have a significant impact Cl :
on SEE rate v

» Greater impact for deep and cubic
SV than for flat SV

= W and S parameters must be /
carefully adjusted
* LET,, and saturated cross section J |

are not sufficient to fully
characterize a device

B
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Tests & radiations

= Contribution of the different ion species

» |dentification of predominant contribution elements
o Fe for flat SV at all LET,
o lons heavier than Fe for deep SV when LET;>30

» Determination of LET range for those elements
o Deep SV: elements with LET at least equal to LET,
o Flat SV: low LET have predominant contribution on SER, even at high LET,
o At high W and S values, SEE are mainly due to high LET particles

» Determination of energy range involved in SEE rate
o A wide range of energy is involved in SER prediction
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= Result table summary

LET & Cubic 5V Deep SV Flat SV
1 Fe (48%) Fe (54%) Fe (35%)
Predominant elements
10 Fe (59%) Fe (63%) Fe (39%)
35 Fe (23%) Pb (23%) Fe (43%)
Range of LET involved in MeVem2/mg with 1 0=LET =10 =al LET=5
P
1g/em® shielding de 10 5= LET <30 -~ 410 LET<5
fiwith 10g/cm2 shielding LET involved are lower) 35 20< LET =60 >8a35 LET=5
Range of Energy for Predominant elements in ) )
MeV/nucl (1 g/cm? shielding) 100 - 200 100 - 200 all energies
Range of Energy for Predominant elements .
in MeV/nucl (10 g/cm? shielding) 200 - 500 200 - 500 all energies

* The most important contribution to the SEE rate in the incident
radiation environment depends on the device parameters and SV

shape
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Tests & radiations

* The shape of the sensitive volume (c parameter) remains as a
major issue

» LET threshold and saturated cross section determined with heavy ions test
are not sufficient to fully characterize a device sensitivity

» The direct relation between the measured LET threshold and the LET
spectrum environment is not always representative

* The Weibull function shape fitted to test data (W,S parameters)
impacts significantly the calculated SEE rate

*» The "elbow" region of the cross section curve should be well described as it
impacts directly the LET range of the particles involved in SER
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Tests & radiations

* Implementation of uncertainty statistical estimation
for SEPR calculation in OMERE
» Weibull fit optimisation
» Statistical approach
» Confidence interval
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= Context

£

Q=

» Device SEE sensitivity characterized by heavy ion test
» Number of test achieved limited (cost, time schedule...) &/
* There is an uncertainty in determining the Weibull parameters (W,

S Gsat’ 0)
- uncertainty in the rate calculation ’\
P !
* Problem

* Uncertainty direct calculation impossible
s RPP model too complicated
o Strong hypothesis admitted for the rate calculation

* Find a method able to estimate the uncertainty in the rate
calculation with a statistical approach [R. Ladbury 2007]

B
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= Estimation of the uncertainty in the calculation of the 4 Weibull
parameters

» Independent information of L, # et ®
» Calculation of the best fit (W, S, o,
» Calculation of a confidence interval

L,) for the test data

= Hypothesis

» Existing testdatal, # et ® ”
» Poisson statistical distribution

= Poisson distribution included in the fit calculation to determine
the most probable Weibull parameters

» Most probable equation for the test data

* Most realistic rate according to the cross section measurements
performed

B
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* The input for the calculation is a set of test data
» LET L, number of event # and fluence ®

= At each LET, the Poisson distribution is inserted in the
calculation

» via a statistical mean value p

#
_ Ll
& re0-L

* M is proportional to ® and o, (L)

au(I‘) - (I}Jcm‘ (I‘)

» At a given LET, the likelihood for # to equal p i@i

B
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= A global likelihood P is calculated from the Poisson likelihoods p at each LET
» The global likelihood P is the product of the Poisson likelihoods

= Hp(#; uu;')

» The cross section parameters are determined by optimizing the likelihood P
with respect to the 4 Weibull parameters

L @ Variation of the 4 Weibull parameters
(L) = 1 —exp| — @ to maximize the global likelihood P

» The(W,S,o

L,) values maximizing P give the best fit equation for the test data

sat’

» The Weibull fit is optimized thanks to a genetic algorithm
* Non-determinist global optimisation method

» The global optimum is calculated via probabilistic transition rules applied to an initial
« population »

B
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= The P value associated to the best fit is called P,

* A maximum likelihood ratio method is used to calculate a
confidence interval for the fit

|n(Pi] >-0.57%(1-a,4) P__ =max(P)
= X(1-a,4) is the chi-squared statistic

= For a given space enviromnent, a set of 4 Weibull parameters lead to
only one rate value

» The confidence interval defined for the fit enables to calculate a
confidence interval for the rate
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= The Weibull function depends on 4 parameters
* To visualize the confidence interval, only the variation of two
parameters can be represented
# PHI L smes
cm? MeV.cmZz.mg-1|{cm2 Test data
1 9.99E+HIR 28.8 1.00E-07 .
a0 7 9sEHR 4073 B.29E-0B v Best fit
100 3.59E+HR 031 279E-05 TS = 5 o @ T SR
100, 2.50E+06 57.6/ 4.00E-05 §0| 672 498 -8 48] 67 112 79 57
100 9.46E+05 75.02) 1.06E-04 62| 519 363 242] -152| 90| 54| 40| 47
100 4 23EHIS 106.2 2 36E-04 64] 391] 254] 53 52 3.9 22 27 53
66| 267 70 87 a8 1] 12| 3B &0
68| 204] 05 41| 08| 03] 23] 65 127
C -140]  ®0] 14 @@ 13| &1 A1 _-190
72| ©O2ly 31| 04| 08| -39 94| 72| %9
T4 —7TF0 17 08| 28] 78] -151] 246] 30
[— 76| 41| 16| 25 64| 3.0 220 -33.2] 462
78] 34 27| 53| -110] 193] -300] -428] 574
Yellow area represents 80| 36| 48] 92 -IEB| 2R5| 30| 533|695
In(P/P__,) confidence interval —~—
F0__ ssat [2.40F 04]2.60F 04]2.80F 04] 3.00E.0413.10F 043.20E 04| 3.40E 04 3.60E04
M~ 54| 33| 29| 49| &6 B8] -145] 218
75| 07 7| 12| 09| 18| 27| &2 13
( 26]) -148 7.3 Bl 0.4 002 0.1 -1.6 4.6
2T 235 143 78 35 22 1.3 -09 20
28| 963|253 -170|  At0] 87 70| A7 Ad
Rl ]
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* The calculated rate uncertainty can be limited according to the test
data used for the calculation

» Confidence interval for the rate

Max rate value

Rate calculat_ed CREMES6

for the best fit *1e-5 dev-'.day"!

W\ S 2.2 2.3 2.4 2|5 26 2.7 2.8 2.9

60 2.93 2.83 274 246 2158 252 246 241

62 2.80 271 22 244 ] 240 235 229

64 263 259 251 213 (23] 230 224 218

. 66 2.58 249 240 2% 2726 2.19 214 2.09
Min rate value ~~_ 68 2.48 2.3 230 223 2.16 210 2.04 1.99
70 2.3 229 221 ( 213)) 207 2.01 1.95 1.90

72— 279 220 g < 1.98 152 187 1 .82

74 . 2.12 2.04 1.97 1.90 1.85 1.79 175

Ly 212] T~ 204 1.96 1.89 1.83 177 172 167

__—T 1 2.05 (1.9 1.89 1.82 1.78 1.70 165 161

Ye"ow area represents 80 1.97 1.9 1.82 1.75 1.69 163 159 154

Rate confidence interval

e~—~—_ |0 ' ssat 2A0E04 2.60E04 280E04] 3.00E04| 3.U10E04] 320E04|  340ED4] 3.60ED4
~— 1.HS 1.83 2.02 2.2 2.3 2.41 2.60 2.80

25 BRTa 5 1.92 211 220 228 248 267

26 1.80 1.67 1.94 2.02 211 220 2.38 2.56

217 1.44 1.60 1.76 1.93 202 210 228 245

28 1.33 1.53 1.69 1.85 1.93 2mM 218 2.35

B ] _._
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Least-squares Genetic algorithm
10’ E 100 -
' -1 [} " B
E 107 5 10!
5 1 5 ]
KM684000 Eé 107 Rate = 1.6 dev™.day" S 10t 4 Rate = 1.7 dev-'.day"
0 ] vl E
:
SRR S 10
10 L N L I L IR B | 1U-4|--r|--'|"'|""|"'|"'1
o.oo 20,00 40.00 G0.00 80.00 10000 12000 0.00 20000 40.00 B0.00 80,00 10000 12000
LET (MeV cm®/mgl e rese LET (MeV em?/ma) s cues-rame
10" 10!
1’ o 10
E 107 _g_ 10"
P Pt -2
HM5165405 g 5 v
ot o 107
(’; 10 w
oo
g s Rate = 3.8e-2 dev-'.day"" o 1 Rate = 1.6e-1 dev-'.day""
10 y o y
8] O 10t
10f 1
1w W
0.0o 20,00 40.00 B0.00 30,00 10000 12000 0.00 20.00 40.00 E0.00 S0.00 10000 120000
LET (Mev cm®/ mg) i OMERE - C NES - TRAD LET (Mev cm®/ mg)

I OMERE-CNEZ - TRAD

(Calculation performed with OMERE default environment)
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Omere rﬁ|
Paramétres weibull rebenus @ P = 2,291e-006
! - LET seuil = 7,925901
' - Sigma Sat = 7. 266e-003
- = 24.653957 Calcul de l'intervalle de confiance
=5 =£.023559

Yaleurs retenues ;

Intervalle da variation autour de la waleur retenue

LET: 7.9259 min: [39630  mas: [140000  pas: [0.5000
- Sigma Sat 7.266e-003 min: |7.194e-003 max: |7.266s-003 pas: [1.000s-002

S 24 654 i : |1S_554 maw : |2EI.854 pas : |1_DDD

> -5 B.024 mn: (3012 max: |7.024 pas: |0.500

ATTEMTION! La waleur de LET seull ne dait jamais &tre superieure du LET | plus bas auquel on
asgiste & un evénement,

ATTENTIOMN La valewur de Sigma S at ne dait jamais &tre inferieure & la plus  grande zection efficace
mesurée,

Données pour le calcul de taus
Mambre de cellules sensibles : 1 E paiszeur du volume sensible ;| 2.00 micrans

Pour le caleul de taus, lenvironnement de la mizsion sera conzidéré.

ANMNULER

v

Taux @ &,.4e-005
. Intervalle de confiance & 95% @ [4.9e-005 , 5,12-004]
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= TRAD studies realized with CNES support in the frame of SEE
prediction improvement is going on in 2011...

* OMERE uncertainty beta version improvement
o Automatic calculation of the confidence interval

*» Charge deposition and LET variation in the SV
o A charge deposition calculation methodology has been proposed in 2010
- development of a software prototype to test it in 2011

* Method to adapt the RPP model to the different types of SEE
o Application of different methodologies for SEU, SET, SEL, SEB...
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