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Introduction

Single Event Effect (SEE): perturbation of the behavior of electronic (optoelectronic) devices,
circuits and/or systems produced by a single ionizing particle

Heavy ion Proton
(direct ionization) (indirect ionization)

Parameters to model SEE response of a device:

Linear Energy Transfer (LET in MeV-cm?/mg) : rate of energy deposit per unit path length = p1-dE(x)/dx
Cross section (o in cm?2/bit) : probability for SEE = #events/fluence

Sensitive Volume (SV in um3) : charge collection region

Critical Charge (Q_ in pC) : min. required charge for SEE
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Access to SEE package

I Coordinate generators S/C trajectory definition

Trapped proton and electron fluxes
Trapped proton flux anisotropy

o . . ene
Short-term solar particle fluxes (only for SEU) Environment Definition

Long-term solar particle fluences

Radiation sources \

Galactic cosmic ray fluxes
Shielded flux

Solar cell radiation damage
Damage equivalent fluences for solar cells (EQFLUX)

NIEL based damage equivalent fluences for solar cells (MC-SCREAM)

Long-term radiation doses
Ionizing dose for simple geometries

Non-ionizing energy loss for simple geometries
Effective dose and ambient dose equivalent

Single event effects
Short-term SEU rates and LET spectra

Long-term SEUs and LET spectra = LET spec and Upset calculation
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Input 1: Planet/orbit selection

* planet selection: Earth, Mars or Jupiter

e 2 ways to specify the trajectory:

1. Orbit generator
2. Upload trajectory file in SPENVIS format

Coordinate generators

Spacecraft trajectories l |
upload trajectory file

or

Geographical coordinate grids
or

Switch to another planet
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Input 2: Environment specification

(see ECSS-E-ST-10-04C for required models)
* Trapped protons in radiation belts

e Solar particles (long, short term; Z=1-92)
* GCR particles (Z=1-92)

— Inclusion of magnetic shielding

Radiation sources and effects

Radiation sources

Trapped proton and electron fluxes

Trapped proton flux anisotropy

Short-term solar particle fluxes (only for SEU)
Long-term solar particle fluences Magnetic shielding: on (quiet magn.) 8
Galactic cosmic ray fluxes
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SEE tool
Select particle source(s)

PARTICLE ENVIRONMENT

solar particles

X GCR particles

If advanced level . | H
output resolution: | . :
spectra for each orbital point

Shielding shielding thickness (Al equivalent):

If advanced level
Device 1: defined ‘ edit
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Input 3: Device characteristics

* Device Material: CREMES6 or SRIM2008
SRIM2008 or Geant4.9

— diff. LET spectrum : f(S) = f(E)[dS/dE]

— int. LET spectrum with E_. = 0.1 MeV/n (before 1 MeV/n)

— sum over all species:

—to be used for SEU rate calculation
1.00E+00 E Composite Integral and Differential shielded LET spectra

1.00E-01 1.00E+04
E 1.00E+02 +
1.008-02 = , 1.00E+00

1.00E-03 - 1.00E-02

: 1.00E-04
1.00E-04 - —~ ' 1.00E-06

3 N 1.00E-08
100E‘05 . 1.00E-10 - Int. LET

1.00E-06 - 1.00E-12 - .
E 1 00E-14 - Diff. LET
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1.00E+00 1.00E+02 1.00E+04 1.00E+06

i E(MeV/n) LET(MeVcm?/g)
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e SV parameters:

— Library (selection from literature)

— User defined:
e Shape of SV

* Cross section data

Device source:

GG Rl | pevice source:

[~ [03L422AM (BIPOLAR)(38.7298x38.7298x2) Device name: | EEBE
[ [2164 (MOS)(13x13x2)

DIV N G ELCTETHI Si (SRIM2008) -

| - [D424100V (4M DRAM)(5.96x5.96x1)
Device name Heavv ion method Proton method

#01: 930422

Mat.: S1

Manu.: Fairchild

Ref: Petersen, 1998 (IEEE Trans. Nuc. Sci. 43)
RPP: 51.00 x 51.00 x 2.00 (um")

-

SPENVIS
/—\

$=0.70 L,=060 MeV-cm? mg A =650 MeV B=926 MeV

W =440 MeV-cm’ mg
Gy, = 2.60E-05 cm’/bit - - )
SEU algorithm: CREME (given in report file)
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Shape SV:

Input: X,Yand Zor XY and Z
—from manufacturer or from cs data i.e. X=Y=Vo__,
—Z =2um (historical) or 1 um (wc)

Input: Top area (A), Total area (S), Volume (V) and
Differential pathlength distribution D(p)

Shape Sensitive Volume: rectangular parallelepiped ~

Dimensions: @ 387 x 387 x 20 [pm]

x 20 | [pm]

Shape Sensitive Volume: arbitrary

-

top area [pm?]: 15e3 path length distribution

total area [umz]: 3.3e3 m D(p)[1/pm]

volume [pm?]: 3.0e3

(e.g. GEMAT with geantino’s
Box, cylinder, L-shape
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Cross section data:

Q. (pC) or LET,, (MeV-cm?/mg) = Q_=y-Z-LET,,
Weibull: W, LET, S, o, (= XY=\, )
Cross section table: o(cm?/bit) vs. (MeV-cm?/mg)

Bendel: A, B

WEibU”Z Wp, Eth,p' Spl G||m,p

Cross section table: (cm?/bit) vs. £ (MeV)
PROFIT: W, LET,, S, G, T (=90°= wc) (only heavy ion data available)
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2.00E-02

Weibull fit to experimental data

1.50E-02 -

_——

1.00E-02 -

5.00E-03 -

0.00E+00 4

LET (MeVcm?2/mg)
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Direct ionisation upset rates Proton induced upset rates

Cross-section method: critical charge - Cross-section method: Bendel function |~ |

Qc [pC]: 9 1.13e-2 A [MeVv]: 4388

Lth [MeV-cm?/mg]: 04.85e-2 B [MeV]: 709

Cross-section method: Weibull function ~ Cross-section method: W eibull function

S: 066 Sp: 2.5

I [MeV-cm?/mg]: 055 E,, [MeV]l: 40
W [MeV-cm®/mg]: 549 \ w_ [MeVv]: 210

o. [cmzlbit]: 1.5E-5 \hpkmszit]i 1.19E-10

b

Cross-section method: experimental data ~ Cross-section method® OFIT

LET(Si) Cross-section
[MeV cm?/mg] [cm?/bit] Diffusion angle T [°]: 900 +

Cross-section method: experimental data ~

S Cross-section
Algorithm: constant LET (CREME) [cm?/bit]

variable LET —
S|OW|ng and Stopplng ons Bendel fit o  weibull fit Lin. interpol.

o
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Rate calculation: upsetif Ey,>E. (or Q>Q_ or LET>LET,,)

* Proton induced ionization:

Rate ~ [ cross section data x diff. particle fluence

* Directionisation:
Rate -~ I SV data x pathlength distribution x (LET or ion) flux
algorithm:

" CREME (Constant LET) :E, = p-LET-p with LET constant in SV
(—ok for long-range ions)

= Variable LET : Egep = p-J LET(E)dp
= Slowing and Stopping :E,., = E—R*(R(E)-p) = ion flux instead of LET flux

(precise formula’s: )
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Output

Shielded p* spectrum

Spacecraft shielded proton spectra

Shielded LET flux

Spacecraft shielded LET(SI ) spectra
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Mission total/Segment averaged SEU rate /bit or (bit/(s or day))

or total mission number (Long-term)

Mission total

Mission segment 1

Device Effect
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Direct ionization

3.2152E+00

1.0195E-08
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Proton induced ionization
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7.5897E-05

Total

3.4923E+00

1=

1074E-08

9.5679E-04

3.4923E+00

1.1074E-0

8

0.5679E-04

]

oS == *’(’ ' ' ,_ ]

e

. ¥

- O,

I & ]

- i ~

. | | | | | ]

—180 —-120 —6Q +] B 120 180
Laongitude

r

SPENVIS
A

Proton Muclear Interaction Induced SEU Rate (b'lt" s“) for '93L423

1o

Direct lonisation Induced SEU Rate (bit™ s7') far '@3L4z22!
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4x1077

2x1077

Time plot
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Petersen 2011 (126 comparisons of predicted and observed SEU
rates from 23 satellites):

But predictions may be wrong because of :

e Poor environment prediction e.g. dynamic nature of
radiation belt

Part to part variation: part location, different lot, ...

Poor choice of device depth

Insufficient test data
Incorrect shielding distribution

P
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SEU tool in Next Generation SPENVIS

New environment models e.g. AP9/AE9

Link to Geant4 tools outputs:
» Realistic shielding distribution
* New materials and LET
* Inclusion of secondary particles

Extension of device library:

* Inclusion of user defined devices — available in # projects + sharing with
other users

e Link to ESCIES database

Interface to framework for IC designers produced by the
“Evaluation of the Radiation Effects on Deep Sub Micron

CMOS Technologies” project
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Bibliography

e ECSS-E-HB-10-12A (space environment)

e ECSS-E-ST-10-04C (calculation of radiation and its effects and
margin policy handbook)

* Single Event Effects in Aerospace, E. Petersen (2011)
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Back up slides

STOPPING POWERS IN SILICON

URANIUM

XENON
KRYPTON
IRON
ARGON

OXYGEN
CARBON

HELIUM
lI-lYDROGEN
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U=mY | Dip) | F(E.Z)dEdp

Z=1\ p E

e Variable LET
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