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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 

predictions: 

• The empirical NASA JPL Equivalent Flux (EQFLUX) method

• Semi-empirical NRL Displacement Damage Dose (NRL DDD) method 

Goal:  Compare the similarities and differences between the two methods from the ground up, and 

identify areas for improvement for the two methods that could bring the two methods closer in 

agreement.

• Impact

– Potential to improve radiation modeling methods

– 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

– Everyone can perform the same calculation

• Community supported solar cell radiation degradation analysis code built from 

the ground up

• Built using Python, which is free, easy to read, and learn

• Incorporate all methods of radiation degradation modeling such as EQFLUX and 

NRL DDD in one common language and source code

• Provide apples-to-apples comparison for predicting solar cell and array 

performance for various missions at all levels of the calculation

• Enables comprehensive comparisons between NRL Displacement Damage 

Dose method and the JPL Equivalent Flux Method

• GUI developed using web application technologies which enables it to be 

deployed to any modern OS.

• Python, windows, and unix command line interface programs are included

• Python library is fully documented with examples
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Relates all fluences of all particle energies to a single1 MeV electron fluence equivalent

1. Relate damage of protons and electrons to one common particle energy and fluence

a.Calculate Relative Damage Coefficients (RDC)

• Find the relative fluence needed at each particle energy and relates that fluence to the 

fluence at one common particle energy that is at the same level of degradation

• Calculate RDCs for both protons and electrons

• Find one common factor/coefficient that relates the protons to electrons

2. Convert a proton particle spectrum to one proton energy and one fluence using the proton 

RDC curves 

3. Repeat step 2 for electrons

4. Add the fluence calculated from 2 and 3 together to get the total 1 MeV Electron Fluence

5. Go to the 1 MeV Electron Remaining Factor vs Fluence and then determine the remaining 

factor at the fluence calculated

Relates all fluences of all particle energies to a total Displacement Damage Dose (DDD). By utilizing 

theoretical data to calculate the Non-Ionizing Energy Loss (NIEL) for a solar cell material, a total 

displacement damage dose can be calculated.

1.Convert the fluences at all proton energies to DDD, which generates a single characteristic curve using 

the NIEL curve

• Only necessary to use one proton energy to scale the curve

2.Convert all fluences at all electron energies to an “effective” DDD, which generates a single 

characteristic curve using the NIEL curve

• Using the NIEL curve with electron data does not fully collapsed curve

• An empirically derived correction factor is needed to generate a single characteristic curve for all 

energies; therefore, at least 2 electron energies are needed

3.Convert the single characteristic ELECTRON curve to a single characteristic PROTON curve using 

another coefficient.

4.Generate Slowed Down Spectrum

• Using transport models, the space particle radiation environment spectrum is determined after it 

passes through cover glass

5.Multiply the proton NIEL curve by the proton slowed down spectrum to calculate total displacement 

damage dose for the proton environment

6.Repeat step 5 for electrons

7.Convert electron DDD to proton DDD and sum the two

8.Go to the single characteristic PROTON curve (Remaining Factor vs Dose) and then determine the 

remaining factor at the dose calculated

Converted to DDD

)()()1( ENIELEDD MeVeff 

Convert to DDD

1

1

)1(

)(
)(















n

MeV

MeVeff
NIEL

ENIEL
EDD

Convert Effective DDD

Electron Rad Data Effective DDD

Radiation Data

Documentation

Electron RDC

Proton RDC

Convert Radiation 

Environment to 1 MeV
1 MeV Electron Curve

Convert Radiation Data to RDCs
Use RDCs to convert environment spectra 

into total 1 MeV electrons

Translate total 1 MeV electrons to 

solar cell degradation parameter

Use NIEL curve to calculate DDD 

curves and total DDD from mission
Collapse electron DDD curve

Translate total DDD to solar cell 

degradation parameter

GaAs NIEL Curve

Radiation Data

Slowed Down 

Environment Spectra

DDD Curves

EQFLUX NRL SCREAM

DDD EQFLUX solarPy GUI
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