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FOREWORD

This report is submitted to the National Aeronautics and
Space Administration, George C. Marshall Spﬁce Flight Center,
~ Huntsville, Alabama, in accOrdance.with the i'equirements of

~ NAS8-30608.



"ABSTRACT

A method of incorporating a detaiied solar (;ell rédiation:de-
'gradation mod_gl into a convenient computaﬁonal scheme suitable |
for the Solar Electric Propulsion System is outlined. The study
shows that several existing codés may be a‘ppliéd in sequence to

solve the problem.
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1. INTRODUCTION

Solar cells used to supply powér for space missions are sub-
jéct to degradation by energetic radiations encountered in space. The
dominant radiation sources are electrons and protons in the trapped
radiatibn belts, or ﬁrotbns and heavier nuclei due to solar flares, De-

7 gradation due to galactic cosmic radiation is usualiy negligible. The
effects of nuclear weapon radiation will -not be discussed in this report.
Damage to adhesives and darkening of cover glaés materials due to
electromagnetic radiation are alsd excluded. The iatter effects are

 often slow and linear with exposure.

Radiation damage to solar cells_'depénds' upon many factors.
This complexity forces most analyses and pre_dictivé methods to use
simplifyin'g assumptions,” The inaccuracies thus introduced force the
designei'f_to use consei'vative safety margins for mission pléMing. | De-
gradation of exiSting solor cell array power supplies in space provide
checkpoints, but the rapid evaluation of solar cell types and thé uncer -
tainties of emapblﬁting these data to other trajectories 'pose severe

problems.

Parameters used to assess cell performarice include the open
circuit voltage, Voc; the short circuit curreht, Isc; and the maximum
power available, Pmax. These parameters are éaéier to deal with thé.n

the voltage - current performance curve, However', these parameters



‘are functions of light spectrum in the undamé.ged state., Following radia-
tion exposure, the parameters are functlons of part1c1e type, partlcle
energy, partlcle fluence, light spectrum t1me and temperature -vs
time profile. Certain other effects such as the angular distribution of

_ the radiation and hbn-ilni.form. damage across the cell due to low .energy

'pro-to,ns. complicate the probiem.

The George C. Marshall Spaee Flight Center recognized the
nee-d _for mo're-accurate degradation predic’five methods for the Solar
Electric Propuli_on Sfage (SEPS). Accordingly, MSFC commissioned
I-Iorne' and Wilkinson to survey the sfate -of-the-art and recdm,mend an

approach to impfove damage predictionl. Horne and Wilkinson conclude
that a reasonably detailed transport calculation be performed within the
~cell, A microscopic defect damage coefficient may.be calculated af
various points across the CEII. The resulting damage profiies should
then be analyzed W1th the PN code developed by GGA under Air Force

contract 2’ 3

The present effort attempts to integrate the above recom-
mendations into a cbmputational scheme. Implementation of the scheme
has not llaeen. possible due to limifed funds and a 'delay in delivery of the
PN code to MSFC. |



2. COMPUTATIONAL MODEL

The computational model devised for solar cell radiation -
degradation models requires several steps. Each stage in the calcula-

tion is outlined below.
2.1 . RADIATION ENVIRONMENT

.Trapped rédiatic_in levels comprizing pfotons and electrons
are described by the models of Vette and his co-’workers4. A trajectory
code presently operational at MSFC may be_uséd to estimate radiation -

fluences over specified orbits.

The eStiﬁatioh of éolar radiation fluxes is more difficult. It
35 sugges.ted that lthe work of Burrell5 be used to determine the number
of 3013.? events during a mission af: varidus, probability levels, Tt will
| ‘be hecessary to assume a Spe'ctr'al shape and normalize 'it.to event mag-
nitude. For missions within the magnetoépheré', a code develdped by
Wrightﬁ majr be used to estimate flux reduction due to magnetic shielding.
2.9 PROTON AND ELECTRON TRANSPORT

It is necessary to find the differential_ proton and electron
spectra at the two faées of the solar cell and at é number of mesh planes
between the faces. A total of three to five -éalcﬁlations should_'be suffi~
cient; the s'pectr'a at other postions may be obtained by semi -logarithmic

interpolation for such thin components.



For some satellities, the solar cell arrays are-attached to
a_reaéonably massive body'stru(':tt.;re‘. In such cases the radiation com-
ponent enterin_g the Back face may usually be ignored. The SEPS solar
cell arr.ay wi'l-l, probably f)e unfurled on a thin backing material which
may be cdmparﬁble in thilckness to the cell itself. Here it will be nec-
eSS_ary to compﬁte radiation leveié entering the back side through the
attachrﬁent sheet as well as that entering the front side through the
cover material, The front and back rédiatidn components will be -
suminé_d. * o

Horne and Wilkinson suggést the SPARES codé system7 for

pe'rform'i'ng the proton and electron transport calculation, These pro-
Qrams are suitablé for such use and should give accurate results.
Alternatively, the burden of converfing those programs from an IBM
installation to the Univac computers at MSFC may be avoided by using
codes developed by Burrr.ell8 and Watts or bry Hill et al 10. which are

- operational at MSFC. Should the latter approach be chosen, two code
médifications will be desirable, First, the treatment of lowr energy
protons should be'improv’e_d by iifnifed parameter fits to range daté

in the low energ'y.regime‘. Second, the mbnbdirectional profon beam-

technique should be generalized to isotropic incidence.
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to the low electron mass. The solid data points in Figure 2 ére de-
rived from the assumption that all the recoinbiriation centers can be
characterized bjr a single energy level for a specifid material. This
assumpti'onl greatly simplifies the analysis bﬁt may lead to some in-

accuracies in predicting annealing rates.
2.4 SOLAR CELL DEGRADATION CALCULATIONS

“The defect density prolfile's derived from the methcd out-
lined in Sectiqn 2, 3 identify the radia;tion-a.ssociated variables. Other
‘variables_ such as light traﬁsmittance, impurity profil‘es, diffusi.én
length, ete., must be derived from experimental data and supplied
to the PN éode. This code may then be used to predict gross behavior
of the soiar cell based upon microscopic trréaltmentkof the interactions
 within the cell. | |
At the end of the present contract period, the PN code has
" not been delivered to MSFC. This delay has precluded the develop-
ment of efficient approaches to SEPS mission analysis based on para-
metfic rﬁns. At this point it is not 'knbwn whether the superposition
principle will be valid for ézdrapolating damage calculations to long
time intervéls‘ , particularly for ste'eprda'mage prbfiles within the cell.
The qﬁestion of annealing during a fluctuating temperature profile is
also unrésolvéd. A studjr of these factors must be rﬁade in order to

devise a rapid analysis tool suitable to the SEPS requirements.



- 3. RECOMMENDA TIONS

In order to advance the development of a radiation degrada-
tion analysis tool suitable for SEPS missions, the following steps are

- recommended.

-1. Increas‘e.the accuracy of the proton range function barameters down
to 0.2 MeV for the MSFC transport code. The code should be mo&ified
so that it Cain sum isotropic proton and electrOn_ﬂuxes incident ﬁ*om
both Sides of the #rray; fold in the defect cross séctions, and output .

the displacement defect profiles,

2. Conducit a parametric damage study using the PN code in order
to determine degradation sensitivity to critical parameters. Know-_—
ledge of these sensitivities will permit a choice of suitable approxi-

mations to be made in the analysis method.
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