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Tutorial objectives

•
 

Overview of the SPENVIS radiation package
•

 
How to access and run the radiation models

•
 

Which radiation output is used as input to 
radiation damage models 

•
 

Upgrades
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Overview radiation package

• Trapped particles

• Solar particles

• Galactic Cosmic Rays

Long term:

• solar cell damage
• doses (TID, NIEL)

Short term:

• single event effects (SEU)

ORBIT

Radiation sources Radiation effects
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To run the radiation models, you first need to run an orbit
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main template radiation package (Earth) 

includes cosmic rays/solar particle fluxes
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Part I. Radiation models

I.1. Trapped particles 

I.2. Solar particles 

I.3. Galactic Cosmic Rays 
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I.1. Trapped particles

Overview models (Earth, Jupiter)

Earth Jupiter

protons • AP-8
• CRRESPRO
• SAMPEX/PETPSB97

• D&G 83
• Salambo

electrons • AE-8
• AE-8min update ESA-SEE1
• CRRESELE
• IGE2006/POLE

• D&G 83
• GIRE
• Salammbo

only available for GEO orbits

only available for advanced users
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 first model in list = default model by ECSS
 for the the

 

advanced user

 

and AE-8 electron model:
-

 

a local time dependence implemented by Vette

 

can be applied 
-

 

confidence levels can be specified
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If fluences

 

< 0 then spacecraft outside spatial coverage!

omnidirectional

 

fluxes/fluences
• orbit averaged
• along the orbit
• peak (only for earth)

Output

(only for earth)

(only for earth)

(only for earth)
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Trapped particles on a grid 

geographical coordinate grid
(single point/profile/worldmap)

 magnetic coordinate grid
!! inside miscellaneous!!
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Application: TRAPPED PROTON ANISOTROPY

ONLY AVAILABLE IF,
generated orbit (no upload trajectory!)
AP-8 proton model (min or max)

transformation: omni to uni

 

for ≠

 

look directions
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Trapped unidirectional integral proton flux at 0.1 MeV

 

for a 10 days ISS orbit
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•

 

ESP-PSYCHIC (total fluence) 
•

 

ESP-PSYCHIC (worst case event)
•

 

Rosenqvist

 

et al. (2005, 2007)
•

 

JPL91
•

 

King

I.2. Solar particles

Overview models (Earth)

protons + heavy ions

protons
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Geomagnetic shielding:

 

cutoff

 

(Störmer) + effect Earth shadow + effect geomagnetic storm
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prediction period = total mission length 

→ SPENVIS calculates the portion of the prediction period in the solar maximum 
phases of the solar cycles covered by the mission, using the mission start date as 
a starting point

BUT  
the advanced user can override the prediction period and 

the offset in the solar cycle
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Output

omnidirectional

 

fluences

 

at skin spacecraft and at 1 AU
attenuation factor (along the orbit and orbit averaged)
exposure times
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interplanetary missions

r-2

 
for r < 1AU and 1 for r > 1AU

other planets
Mars:

 

MarsRem

 

(see talk D. Heynderickx)
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I.3. Galactic cosmic ray particles

Overview models (Earth)

•

 

ISO 15390
•

 

Nymmik

 

et al. (1996) 
•

 

CREME 86:
M=1-4 : only GCR particles
M=5-14

 

: GCR + solar particles
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The Hydrogen GCR flux near Earth predicted by the different GCR particle flux models at solar minimum 
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Ion energy and LET spectra template

or GaAs



21

By default tabulated solar cycle data (yearly sunspot numbers) from the year 1957 until 2007 
are used. For future epochs the solar cycle is propagated by substracting

 

22*n years from 
the epoch.
As advanced user you can enter solar activity data for ISO and Nymmik

 

et al. (1996) models

If the trapped models are run, the trapped protons can be included if H is 1st element

The advanced user has two options for the output spectra resolution: 
-

 

segment averages
-

 

per orbital point

Transport of  the flux through the spacecraft walls and the calculation of the LET spectra
are done with the CREME model suite.



22

Output

Orbit averaged
Along the orbit spacecraft shielded

ion
proton fluxes  (1 -

 

2·104

 

MeV/n)

Orbit averaged
Along the orbit spacecraft shielded LET fluxes (~1 -

 

105

 

MeV·cm2/g)

Used for SEU rate calculations
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interplanetary missions

no scaling

other planets

Mars:

 

MarsRem

 

(see talk D. Heynderickx)
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Part II. Radiation effects

II.1. Solar cell radiation damage
II.2. Radiation doses
II.3. Single event effects
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For the computation of solar cell degradation in a space radiation
environment 2 methods are implemented in SPENVIS:

1)

 

Equivalent fluence

 

method (JPL) → EQFLUX
2)

 

Displacement damage dose (NRL) → MC-SCREAM

II.1. Solar cell radiation damage
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1. Equivalent fluence

 
method (EQFLUX)

fluence

 

spectrum: generated trapped protons & electrons -

 

solar protons
cell type: single junction (Si/GaAs), multiple junction, user defined (advanced user)
omnidirectional

 

RDC data (hardcoded

 

or to upload by user in correct format!!)

1 MeV

 

electron damage equivalent fluences

 

for ≠

 

coverglass

 

layers and
for Pmax

 

, Isc

 

, Voc

Input

Output



27

available in next release?
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From the help page http://www.spenvis.oma.be/help/models/eqflux.html

Accessible via:

eqflux template
or

miscellaneous
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eqflux

 

template
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miscellaneous template
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EFFs

 

= equivalent fluence

 

factors
RDCs

 

= relative damage coefficients

template RDC converter: 
uni

 

→ omni for ≠

 

covergl. layers + output file in required eqflux

 

format

100 x 2 100 x 4

or silicon
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fluence

 

spectrum: generated trapped protons & electrons -

 

solar protons
cell type: GaAs

 

or manual input + coverglass

 

layer thickness
NIEL parameters

 

(hardcoded

 

or to define in template)

Proton and electron damage (for Pmax

 

, Isc

 

, Ipmax

 

, Voc ,

 

Vpmax

 

) and degradation P(d)/P0

2. Displacement damage method (MC-SCREAM)

Input

Output
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MC-SCREAM template
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Dose models:

•

 

Ionizing energy loss (SHIELDOSE, SHIELDOSE-2)
•

 

Non-ionizing energy loss (NIEL)

II.2. Radiation doses
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fluence

 

spectrum: generated trapped protons & electrons -

 

solar protons
shielding depths:

-

 

default values (0.05-20

 

mm)
-

 

table of values (user input, max. 50 values)
-

 

SSAT generated distribution (see talk N. Messios)

ionise dose model: SHIELDOSE, SHIELDOSE-2
-shielding configuration: finite Al slab shields

semi-infinite Al medium
centre of Al sphere

-target material:

 

Si, Al, …

absorbed dose as a function of depth in aluminium shielding material of spacecraft 

Input

Output

Total ionizing dose 
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fluence

 

spectrum: generated trapped protons & electrons -

 

solar protons
shielding depths:

-

 

default values (0.05-20

 

mm)
-

 

table of values (user input, max. 50 values)
-

 

SSAT generated distribution (see talk N. Messios)

non-ionise dose model: 
-damage factor 
-proton equivalent energy
-proton NIEL curve: library, upload, table (user input ) 

Shielded proton fluence

 

spectrum
Displacement damage dose
Damage equivalent 10 MeV

 

proton fluence
Relative degradation 

as function of 

Energy

Shielding thickness

Non ionizing energy loss 
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

 

Spacecraft shielded ion (GCR + solar + trapped protons)  and LET

 

spectra 


 

number of devices (max. 15)


 

set-up devices: library, user defined


 

LET treatment: constant or variable (advanced user)

segment averaged
along the orbit DI and PI SEU rate

/bit
/bit/s
/bit/day

for all devices

II.3. Single event effects

Input

Output
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device set-up

1.

 

device:

 

user defined or select from list with predefined devices

If user defined,

2.

 

device name  (string) 
3.

 

shape SV:
-

 

rectangular:

 

XxYxZ

 

(µm)
-

 

arbitrary:

 

top + tot area, volume, max. plength

 

diff. plength

 

distr.

4.

 

cross-section methods for DI: 
-

 

critical charge (pC)
- Weibull fit
-

 

experimental data: (L, ) table
5.

 

cross-section methods for PI:
-

 

Bendel

 

param. or fit (E, ) table
-

 

Weibull

 

param. or fit (E, ) table 
- PROFIT

6.

 

LET treatment: constant (CREME) or variable (particle averaged LET (energy))

If predefined device,

Information (manuf. + reference) is given in report file
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SPENVIS radiation package upgrades 


 

next release

•
 

separation of GCR fluxes and solar particle fluxes → 2 
extra modules

•
 

force field approximation for propagating GCR flux 
through heliosphere

•
 

magnetic shielding upgrade for Mercury and Jupiter
•

 
slowing & stopping algorithm for SEUs
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Short-term solar particle flux models:

•

 

CREME 96:  worst week / day /  5 min in 19-27 Oct. 1989 period
•

 

CREME 86:  M=5,6,7,8,9,10,11,12 – 1
•

 

Xapsos et al. (2000): 19 / 22 / 24 Oct. 1989 event
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• extra GCR model: CREME 96 for solar minimum conditions 
• extra option for propagating flux throughout heliosphere by force field approximation
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End 
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