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Introduction

Solar cell degradation from radiation in the space environment is one of the largest contributors to loss
of solar array performance. Currently, there are two methods to perform solar cell degradation
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— Various radiation degradation methods can be compared side-by-side
— New methods and models can easily be incorporated
— Pros for various methods can be combined
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Relates all fluences of all particle energies to a singlel MeV electron fluence equivalent Electron RDC
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NRL DDD

Relates all fluences of all particle energies to a total Displacement Damage Dose (DDD). By utilizing
theoretical data to calculate the Non-lonizing Energy Loss (NIEL) for a solar cell material, a total o
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6.Repeat step 5 for electrons
7.Convert electron DDD to proton DDD and sum the two
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remaining factor at the dose calculated > Use NIEL curve to calculate DDD >> Collanse Slasiem B e >> Translate total DDD to solar cell >

_ NIEL(E) )" « e DDD to p* DDD for p*
_ Dt anney D(E)[—j € P P
D — D(E)NIEL(E amev) : )

eff (IMeV) (E) (E) NIEL yev dominated environment

curves and total DDD from mission degradation parameter

solarPy

ddd solarpy 0.1 documentation »

Table Of Contents EQFLUX

« Community supported solar cell radiation degradation analysis code built from
the ground up

Displacement damage dose (DDD) tools to convert solar cell radiation data to displacement damage dose using
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r_ful
energy_to_normalize)
Error function used to find the the n value for radiation qualification data that does not collapse when using compute_equivalent_fluence_for_electrons (relative_damage_coefficients_electrons
displacement damage dose. For protons this has empirically determined to be 1 and for electrons the n o electron_integral_particle_spectrum, nstep=2)
value can range from 0.3-4 Calculates the total 1 MeV electron fluence for a given integral electron particle spectrum and relative
damage coefficients. The function is almost a line for line translation of the JPL EQGAFLUX FORTRAN
program in the GaAs Solar Cell Radiation Handbook
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Returns: will look into using chi_squared mstea? « nstep (int) - The integration fineness and is typically 2 10
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« Enables comprehensive comparisons between NRL Displacement Damage ' - -
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degradation equation. The NIEL curves are selected based on the threshold displacement energy (Td) used program in the GaAs Solar Cell Radiation Handbook
to derive the NIEL curve. This function takes a 2d table where x is Td and y is the particle energy to do
interpolation to determine the best NIEL curve on Td. Once the appropriate NIEL Td curve has been
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Dose method and the JPL Equivalent Flux Method

proton_energy_vs_rdc=None, prot

cm=None, electron_enel
jon_factor=None)

ron_col N
Class that derives all EQFLUX parameters for a solar cell including, the RDC of electrons, protons as wel

Parameters: « relative_damage_coefficients_protons (ndarray) — 2d array where column O contains
the particle energies and column 1 contains the relative damage coefficients for protons
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d G U I d eve | O ped u SI n g We b a.p p I I Catl O n teC h n 0 | Og IeS Wh IC h e n ab | eS It to be L:fcgf;?:é"mg factor. If giving the environment spectrum the remaining factor of the solar cell can be This is because 2d linear interpolation is used to derive the appropriate NIEL curve. So far it looks to fit « proton_integral_particle_spectrum (ndarray) — 2d array of the integral proton particle
pretty well spectrum where column 0 is the proton particle energy and column 1 is the integral

fluence. The integral particle spectrum is typically obtained using radiation enviroment

Il as determined the actual NIEL curve using the Td derived from this fit should be used to check if it is correct
is u

Baianistels ) - electron_qual_data (ndarrayz— [description] Parameters: « NIELs_vs_Td — 2d numpy array of NIEL values only where the x values or colums are models such as Ae8/Ap8 and Ae9/Ap9
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d e p I Oye d to any I I I O d e rn O n « electron_differential_spectrum (ndarray) — [description thaithreshold displacement energies used to;calculate;the NIEL curves;and the yvalues « nstep (int) — The integration fineness and is typically 2
5 i i trum (ndarra, escription or rows are the particle energies of the NIEL curves :
Fo! oc! 5 Returns: Total 1 MeV electron fluence
« elec ergy (float) — Defaults to None. [description] « Tds — 1d numpy array of the threshold displacement energies of the NIEL values in the
ray (foat) - Defaults to'Nora, [description] NIELs (s dtacet get_log_electron_integral_spectrum(electron_integral_particle_spectrum)

- - - - - * prof
o fit_ to None. [description] « particle_energies_NIEL — 1d numpy array of the particle energies of the NIEL values in
 Python, windows, and unix command line interface programs are included L O e o Sy e ey - ) e e gl o e
« densi ; i accordance with the JPL EQGAFLUX FORTRAN program as described in the GaAs Solar Cell Radiation

d (float) — Defaults to None. [description] « particle_energies_qual_data — 1d numpy array of the particle energies of the radiation
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« solar_cell_thicl n models such as Ae8/Ap8 and Ae9/Ap9
. c (ndarray) — Defaults to None. [description] Returns: Threshold displament energy of the NIEL curve that collapse the radiation data using a n . P P
(ndarray) — Defaults to None. [description] valueord Returns: 2d ndarray of the electron particle energy (column 0) vs In(fluence) (column 1)
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accordance with the JPL EQGAFLUX FORTRAN program as described in the GaAs
Fit to find the best NIEL curve to fit displacement damage dose data that does not collapse using the double Handbook Picd
degradation equation. The NIEL curves are selected based on the threshold displacement energy (Td) used
to derive the NIEL curve. This function takes a 2d table where x is Td and y is the particle energy to do Parameters: proton_integral_particle_spectrum (ndarray) — 2d array of the integral proton particle
interpolation to determine the best NIEL curve on Td. Once the appropriate NIEL Td curve has been spectrum where column 0 is the proton particle energy and column 1 is the integral fluence
determined the actual NIEL curve using the Td derived from this fit should be used to check if it is correct The integral particle spectrum is typically obtained using radiation enviroment models such
This is because 2d linear interpolation is used to derive the appropriate NIEL curve. So far it looks to fit as Ae8/Ap8 and AeY/Ap9
pretty well Returns: 2d ndarray of the In(proton particle energy) (column 0) vs In(fluence) (column 1)

[l Interpolated: 26.744147529405634
[H shielded: 10.756123196936233
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