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Ccnes The components

m SRAM HEF4736 Phillips 1 kbit
m 1088 active components
m SEUs recorded since 1986 — now (~2 solar cycles)

m 74 records for SPOT-1 and 66 for SPOT-2 (end January 2007)
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Ccnes

HEF4736 ground test results

m Heavy ion (IPN) and proton (SATURNE) tests
m LET, ~ 40 MeV/mg/cm?

m Test results could let one believe that SEUs are only due to very high LET

heavy ions
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Ccnes

High LET ions Iin space

m « There are no (extremely few) high LET ions ion space »
m Indeed, but we do observe SEUs in SPOT OBCs !

1)

Relative Flux {Si

1.E+04 -
3 ) . . 1.E+02
MNuclear Composition of Galactic Cosmic Particles
Energy ~ 2 GeV/nuc, Normalized to Silicon = 10° - 1.E+02
1p'? I1 T T T T T T T E 1. E+01
]
mEI e E 1.E+00
10 =
v El°.0 ‘% 1. 604
- H
10F &:'31,2 : . £ 1. 602
1o M o 1 goz
1o q 1. 604
10 q
, 1. 606
o 0 0 40 a0 20 100
v LET [ Me\ingim®)
Periodic Table . . . . [5]
of Elements i ' "m
Muclear Charge (£) L
i

R. Ecoffet, QCA/CNES day, Villigen, Switzerland, 28 January 2009

CE o7 I O [
Tb | Dy | Ho| Er | Tm [ ¥ | Lu
ﬁ'|;'|ﬁ-F'|ﬁT{ﬁ'|m'

Legend - click o find out more...

LI solld

Br - liquid




Ccnes Why this discrepancy ?

m LET (dE/dX) is an engineering “trick” , the right parameter governing SEU
behavior is the deposited charge inside the sensitive volume.
(we stay here within the full classical sensitive volume theory)

B Quep ~AE~LET X Z

m For SPOT memories this volume is taken as 44 x 44 x 2 um
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Ccnes  pyrametric study using OMERE

m As afunction of Z, of LET, of energy : contributions to the estimated rate
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L Y .
Ccnes Conclusions

m In the case of HEF4736, the SEU sensitivity

¢+ |s characterized on ground with very heavy ions (Z>40), of low energy (few
MeV/n) high LETs (> 40), and low incidences (<60°)

¢+ Isrevealed in flight by much lighter ions (Fe group and below), of high energy
(few 100 MeV/n), low LETs (some MeV/mg/cm?) and high incidences (>60°).
28Fe alone contributes to nearly 50% of the rate.

m The “ground” and “flight” domains are completely disjointed

m If we had to limit SEU testing at e.g. LET=37 MeV/mg/cm? because “there are
no high LET ions in space” we would have completely missed the issue

m It would be wiser to think about test criteria in more elaborated manner and
eventually adapt them to the effect to be studied

m The SPOT technology is rather old for SEU, but the considerations above
may still be true for other SEEs (SEL, SET,...)

m > Proposed 09 R&D : given {LET, sigma curve and sensitive volume} :
on what ions (Z, LET, E) does this “detector” triggers in space ?
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