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PESIUEENG Implementation) of a seftware
siiptlZtion teolf (plot-stuay) allewing

SeRcalcllate displacement damage Effects
INFSEMIconaductors Induced by external
felefleitlon

- 10/ estimatertne resulting parameter
degradation i eleciioRIC CliicUIE CoMPeRENTS.

Aim: Reduce (expensivVe)rgrotnaests ol
electronic componentsSoIE SPECIHEURON
space missions.
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Possible r:

egsient IenIsation effects (electron-hole pairs)

EXCEEEINg a critical charge may: result i SEUs
((2iCHEUENEUIOUL, gate ripine)

EORGELEHNNGRISAUIONI EIfECTES! (eleciron-hole pairs)

Irappediimnenilie charges may! Cause: permanent parameter changes
(Shiiit eIf tlireshield voltage; exg: i VIOSEETS)

Primary knock-on atems (PKAsS)rand secondan/displaced atoms; hoth

resulting In Frenkel pairs and sulsSEqUERT dEfEC IoMatBRNMEY cause
Serious parameter degradation

(CCD dark current, LED light output, riaxa pewer el selarcells ...)
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P Primary failure S Secondary failure
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e Path of primary Si recoil atom
® Displaced C atom

o Displaced Si atom 343 displacements
simulated with SRIM
ESTEC Noordwijk, 20-22 January 2003
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= NITEL

DeSse D = DISpii Dameagde Dese D

DI=HEENP@D = D= NIEIEX®D

e INn many cases surprisingly good linear relationship between NIEL
and device degradation (e.g. max. power output of solar cells).

e For the same NIEL value, device degradation often is the same,
independent of particle type and energy.
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DElggeldENcoethicient fior GaAs LED scaled tor NIEL
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SPENVIS/ Orbit
generator &
fluence models

SPENVIS/
MULASSIS

\
Simulation Tool
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grediate: device under Well=defined
CONAItIoNS (1MGIGENRENGELIC PAITICIES,
HeEmalincioence, otal aoser..,)

(Z)RlViegster resuiing eevice degracation

(8) CalCUIatErIEVICE UET A0 ation aS et ction
O dISPIaCEMENNUEMEYENIOSENIEISEUROI
therrradiation exeERInERL
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SPECIIIC Space mission

(G)FCEIcUIater radiatien envireRment Pennd
SHIEICingG

(&) Callcu)lziial ellsaleicepanit cleipmleiefe close fo)f
MISSIeN

(V) Estimate onkoarerieevicerdegicadation
pased on results Gffstep; s andistep 6

ESTEC Noordwijk, 20-22 January 2003




Uni Koln

ESA/ESTEC GEAN

SimU|a.ti0n Space Users’ Forum

MIEL Calculation - Netzcape

File Edit “iew Go Communicator Help

Device Properties

Description |e><amp|e userdefined device v 1.0

Active ] - -] Thickness Width Length
volume Material | Silicon - [um] {10 fum] {50 o] |20
Covering ] - -] Thickness

layer Material | Aluminum ¥ fum] |20

Surrounding ] . -] Thickness

layer Material | Si02 -] fom] [40

Fadiation Properties

i - i Emax Data . - —
Particle |pr|:|t|:|r'| IEmm [Met] |D.1 [Mev] |2EIEI Am |5El Incidence ||5|:|tr|:|p||: I

sotropic

Calculational Parameters
Efficiency function ||:| vI MNumber of particles |1EIEIEIEIEI Monte Carlo seed

Action

Save As: examl_p Save Continue

= ==

|Document: Done
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SEIENYAGPLions of the simulation teel allow particle
jrrecllertion rom ront (1), hack (2) and Isetrepic (5)

VoY

(1)

L

Ga

GRITA

(2)

| A

Surroundingy2yeErs
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Processes to/

VAINIETEIEtions between space radiation envirenmenit and
gidalibElyy semiconductor material (Il a spacecraft), that transter
SEiGIent energy te an atem to leave iits lattice site (=21 eV in Si)

Protens: E<300 MeV.

= Electrons: ==100) )/[2V/

S EZIE: E<300 MeV/nucleon
Second. Neutrons: E=300 Me\.

Protons: = 150 eV
= Electrons: = 220 keV
Second. Neutrons: thermal, sinceN@V)imeyAcause recoils
(e.g. (n,,.y) in Si leadinEfter=1.28 keV recoils)
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Algorithmig

ution of a given recoll to NITEL:

= Kinetic energy/ e impinging pasticle

T Kinetic energy eff recellfor ragment

do/dT Differential partial Cress section ek recollicreation

Q(T) Fraction of T being 16St 19y NGREICRISING PrEGCESSES
(Lindhard partition)

¢(T) Empirical efficiency functieR (eptienail)

N,/A  Number of atoms per gram
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USENEIEANT 4 physical moedels te gain the Kinematics
EiIRE generated recolls andifiragments

s Considernen-equilivrium conditions: In smallfvelumes
pPYAGHEWIRGE Ue the recollsiinia larger velume

= |mpreve: statistics eifnen-elastic events respensile
oK uctuations Gl ERErgy/ depositien (Eerg. causing
pixel-te-prxel varation @i therdarkCureRissignalim
CCDs) by biasing duringiViente=Carle calcuiaben

ESTEC Noordwijk, 20-22 January 2003




