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SUMMARY

The SSM alpha=-s long term stability strongly depends on the
charged particle energies encountered in a geostationary orbit.
Here the requirement for conductive surfaces leads to accelerated
X deterioration, due to lack of retarding potentials.-
DiBlectric mirrors without conductive coating improve the A
long term stability of teflon FEP. Mosaic like fractures within
the IF-filter dont affect it. In presence of a conductive layer
on top of the IF-filter , however, they lead to the loss of con-
ductivity. A sandwiched in PMMA varnish film for improvement of
the substrate tensile strength enhances the ¢ decay. Quartz
fiber reenforced teflon FEP as substrate may €liminate the
IF-filter tendency to fracture without impairing g

INTRODUCTION

Among a limited variety of plastic materials teflon FEP
frequently is selected as SSM for satellite therm=l protection
because of its high transparency over a wide spectral range , the
relative stability of its transparency , and because of its
applicability also to odd shaped structures.

With the demand for extended satellite life times in a geo-
stationary orbit the teflon FEP alpha-s stability may be in-
sufficient, in contrast to its performance in a near earth orbit
(ref.1-5). Here in addition to the electromagnetic radiation,
energetic electrons and protons accelerate the SSM “s deteri-
oration.

Under charged particle exposure dielectric as well as not
grounded conductive surfaces build up electrostatic charges with
potentials in the Kvolt range, that may lead to spontaneous
discharges (ref.6-8).

In the pest , differential charging of satellite dielectric
surfaces has led to disturbances and occasionally to the break-
-down of the communications system, in conjunction with the de-~
struction of electronic components. To reduce the danger of loss
of the satellite through such events, a new requirement was
formulated for the lay out of future satellite surfaces. This
requirement of an entire outer conductive shell also encompasses
the thermal control surfaces. The grounded conductive films

* This work was supported by the BMFT through the DFVLR, W.Germany
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eliminate the development of static potentials and differential
charging.

In terms of the &_ stability of SSM , these conductive
grounded surfaces are Tess beneficial , because due to lack of
retarding potentials the charged particles impinge on the SSM
with their full energies , leading to accelerated alpha-s in-
creases.

Alpha-s changes are related to the generation of F-Centers
within the foil. To retard their development, interference fil-
ter (IF-filter) were deposited on top of the teflon foil, with
their reflection maximum located at 480 nm, according to the
extraterrestrial solar radiation intensity maximum. Within its
narrow wave length range such dielectric mirror reflects the
electromagnetic radiation , before it passes through the SSM.
Radiation damage then appears as reduced transparency at in-
creased wave lengths , adjacent to the IF-filter spectral re-
flectance.

SAMPLE SELECTION

Earlier studies showed, that the ZnS/A1,0 IF-filter on
a thin teflon FEP film develop many fine fragtéres during expo-
sure, which do not affect the alpha-s value (ref.9). However,
they severely incapacitate the conductive layer (ITO) conduc-
tance. To alleviate this tendency to fracture, a simple remedy
was tried. Between the teflon substrate and the IF-filter a
two micron thick PMMA varnish layer was sandwiched in. Now the
bending radius of the SSM , measured on a cone, decreased from
about 13 mm to 6 mm prior to the IF-filter fracture, due to
increased tensile strength of its substrate. These samples,
and for comparison , samples of the same mske, but without PMMA
varnish, and without ITO were included in the test. Additionally
two teflon FEP samples without the protective IF-filter, one of
them with ITO, were tested.

SAMPLE FABRICATION

Sample substrate was 125 micron thick teflon FEP, with
vapor deposited silver reflector, with a thin Inconel film for
corrosion protection. Because both, silver and PMMA varnish do
not easily"wet" the teflon foil, prior to their deposition 30 2
thick layer of Al,0, were placed on both sides of it. Sub-
sequently , PMMA agnish followed on the front side of the SSM
and was vacuum dried. For improved adhesion, here again a 30 R
thick Al O3 film advanced vapor deposition of the seven layer
IF-filte%, with ZnS its outer components (ref.10,11): To com-
ply with the requirement of a transparent conductive surfacg,
the samples with PMMA varnish finally were coated with 100 §

Iny0; + 10% snO, (ITO). This coating has sufficient hardness
to r251st wear., It shifts the IF-filter reflection maximum
20 nm upward and increases ®_ by about 0,02.- For contacting,
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the short sides of the samples had thin strips of gold coat
added, leaving an area of 11 x 11 mm open for the radiation
exposure. Both sample sides were ground connected outside the
chamber.- With 3M transfer glue 467 they were fixed to their
gupports.- The majority of the tested samples were fabricated
by the R.BOSCH GmbH.

TEST EQUIPMENT

For performance evaluation of the teflon FEP SSM under
simulated solar radiation conditions, the Messerschmitt-Bolkow-
Blohm Combined Effects Chamber was used. The technical capabi-
lities of this chamber are briefly lined out(ref.12). The
simulated solar radiation exposures proceeded under clean vacu-
um conditions , maintained with an ion pump. Pressures ranged
around 2,7 x 1077 Pascal during the UV and electron exposures.
With the proton generator on, the pressure was about 8x10-2
Pascal.

As UV radiation source a 900 Watt Xenon lamp with Suprasil
bulb was employed. To utilize its entire UV output, these
lamps are operated in a dry nitrogen atmosphere,in conjunction
with a sapphire window toward the vacuum chamber. Their UV
spectral intensity distribution repeatedly was measured with a
Schoeffel GM-100-3 double monochromator in the wave length range
from 180 nm to 450 nm.~- Their is no flat UV intensity distribu-
tion across the sample area. Instead, theoretical studies indi-
cated 33 % decrease from the center samples to the outer ones.
The actual intensity distribution varies with the Xenon lamp.

It has been measured with a Kendall Mark IV radiometer.

With two Faresday cups, movable across the sample area,
scans of the electron and proton current densities were per-
fqrmed. The intensity distributions of both above the samples
are flat within + 5 %. However, in presence of targets with
dielectric or nof grounded conductive surfaces , these charge up
and disturbe the original current density distribution.- All
currents were measured with a Keithley 602 electrometer instru-
ment.

The sample holder temperature was kept at 10°C.Temperatures
measured on one sample surfacg with 50 micron dismeter thermo-
couple wires were close to 27°C, with the UV lamp on. According
to the number of solar constants brought onto each of the six

samplgs, maximum sample temperatures were estimsted to be close
to 40°0C.

For in situ alpha-s measurements a Beckman DK - 2A spectro-
photometer is meted to the vacuum chamber. Its light spot size
on the sample is 4,5 x 7 mm.- 130 reflectance measurements ,
mostly 10 nm apart, are transferred into a programmed desk
calculator,
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that prints the alpha-s values under consideration of the solar
gspectral intensities according to ASTM E 490 73a after comple-
tion of the scan. The spectrometer is calibrated with an alu~
minum mirror. The &, measurement error is # 0,01.- For in situ
measurement of the Surface resistances the vacuum chamber has
52 electrical feed throughs.- Prior to and also after comple-
tion of the test , all samples were inspected for fractures,
signs of electric discharges, and visible changes of the re-
flector were checked after exposure., Further, adhesion tape
tests provided information concerning adherence of the IF-filter
to the substrate.

TEST PARAMETER

To gain insight into the long term performance of teflon
FEP SSM with IF-filter protection, the first test was extended
over 11000 equivalent sun hours (ESH), with simultaneous expo-
sure to UV, electrons and protons. During a short supplementary
test, electromagnetic and charged particle radiations were alter-
nately applied.

To reduce the time needed for such test, max. UV intensities
were 4,5 solar constants. - Electron and proton energies were
20 Kevolt. The charged perticle intensities were mainktained
within the lower 109/cm? sec range. A total of 1076/cmé electrons
as well as protons were brought onto the semples.

The electron penetration depth is proportional to U2, with

U the acceleration potential. For acceleration potentials bet-
ween 5 Kvolt and 60 Kvolt this penetration depth can be cacula-
ted according to the simplified Schonland equation (ref.13,14).
The proton penetration is negligible (ref.15).

Pertaining to the small electron znd proton current den -
sigies in a geostationary orbit, surface resistances in the
10° 0 ohm range are tolerable, if the entire sample surface
contributes to the conductance. In contrast, fracture of the
conductive coating leads to the development of isolated little
islands, that dont contribute to the conductance across the
SSM. Here differential charging and increase of the resistance
impair the satellite communications.

TEST RESULTS

Table I presents the data aquired during the 11000 ESH ex-
posure. - The top of table I comprises the accumulated electron
and proton radiation doses, followed by the number of ESH and
the alpha-s. Finally the resistences in @ ohm are compiled.

Fig. 1 presents the «_ data vs time of UV exposure (ESH). The
charged particle and 8v irradiations started together.

To study the effect of alternste UV and electron/proton
exposures, a second set of similar samples followed the 11000
ESH test. Table II and Fig.2 present their test data.
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DISCUSSION OF RESULTS

Teflon FEP

Two kinds of alpha-s deterioration have been encountered.
The first one, reduction of transparency , predominantly within
the visible range , is common to both studied brands. Loss of
the Ag - reflector together with its Inconel shield during ex-
posure repeatedly was observed on only one brand of samples.

11000 ESH Exposure : The slowalpha-s growth during the
first 600 ESH also of the sample with ITO (fig.1, C & D) is
affected by the UV and charged particle fluxes. Within this
span of time the spectral reflectance curves reveal not yet
damage to the reflector. The AW exceeds that of both other
brand seamples of the supplementar§ test, also under considerati-
on of the different charged particle loads. The surface presis-—
tance of sample D fluctuates during this time between 10 and
2,? x 102 Bohm. Subsequently it moves step by step into the
10718 ohm range (table 1I).

After 600 ESH and more than 2 x 1015 charged particles/cm2
& . increases at an accelerated pace , up to 0,65 after 11000 ESH.
G§adually on both these samples the Ag reflector together with
its Inconel shield disappears. This not only is indicated by
the accelerated alpha-s increases, but also by the decay of the
spectral reflectance, at first between 1 and 1,5 microns, ex-
tending later to 2,5 microns wave length.

On one such szmple the reflector leter was restored,
dropping its alpha-s from 0,65 down to 0,33, This leads to a
Ad., of 0,22 due to transparency change of the 125 micron thick
foii, in agreement with &AM _ of 0,09 after 11000 ESH, measured
earlier on a 50 micron thicR different brand teflon FEP sample
with no damage to its reflector.-

During the supplementary test, partial loss of the reflec-
tor on the first brand of samples was confirmed after 1600 ESH
(fig.II, D). Here two samples of the other brand (fig.II, B)
show no damage to their reflectors. Over 1800 ESH they reveal
only moderate ®& _ increases despite grounded ITO. Their surface
registanceﬁ are fairly high (see table II) and fluctuate between
10° and 10"V g ohm. In particular after the second application
of charged particles , accelerated o decay is noticed during
the subsequent UV exposure. 8

Teflon FEP with IF-Filter

11000 ESH Exposure : During the course of the 11000 ESH
exposure alpha-s increases from 0,11 to 0,14 and 0,15(table I,
fig.I, B). Small reflectance losses adjacent to the IF-filter
spectral characteristic are the cause. The filter reflectance
maximum sagged from 97% down to 90%.- According to J.Stevens
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et al. (ref.6) under charged particle exposure on dielectric
surfaces retarding potentials develop. Here such potential
prevents electrons from penetrating deep into the sample materi-
al. It can be estimated, that all electrons are stopped within
the IF-filter. Further, the IF-filter reflects within its
spectral characteristic the UV radiation, before it can reach
the teflon substrate.- After 11000 ESH the only visible changes
of these SSM were mosaic like fractures within the filter.

During the supplemental test, two samples (fig.II,A),
identical to those of the long term test (fig.I,B) show after
the second electron and proton. applications only negligible
changes of ., , less severe than those encountered during the
long term test. However, during the long term test first
1800 ESH these samples experienced higher charged particle doses.

Teflon FEP with IF-Filter and ITO

After 1500 ESH this sample (fig.II,C) shows a a&_ of 0,05,

with cherged particle doses in the 1015/cm? range (tabfe II).
Its surface resistances are high and fluctuate. It is difficult
to asses , how much of its surface contributes to the conduc-
tance. Each of the two charged particle administrations leads
to accelerated O_ changes during the following UV exposure.
Prior to charged®particle application its alpha-s remains un-
changed during UV only exposure. The timing of the electron
and proton applications is of importance for its alpha-s per-
formance.

Teflon FEP with PMMA Varnish, IF-Filter and ITO

Here alpha-s increases fairly steep, and nearly doubles
during the first 1200 ESH. It reaches 85 % of its final value
after 1800 ESH. Within the first 1800 ESH the surface resistances
fluctuate between % and 69 0K ohm. ILater they increase by a
few orders of magnitude. How much of the ITO remains ground
connected is difficult to asses. Probably the alpha-s changes
would have been more severe, if the resistances had not increased.

Microscopic inspection revealed as many mosaic like frac-
tures within the IF-filter, as were encountered on such samples
without PMMA varnish and without ITO. Here the spectral reflec-
tance curves imply step by step break down of the IF-filter in
the course of the 11000 ESH exposure.

_ About 3 % shrinkage of the PMMA varnish with fractures of
micron size were recorded. Scanning electron beam microscope

itgdies showed partially coagulated In205 in form of tiny drop-
ets.

CONCLUDING REMARKS

According to the preceding test results, during extended
space missions in a geostationary orbit only those SSM with
IF-filter protection yield sufficient alpha-s stability. In
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conjunction with an ITO top layer, however, they have two draw-
backs : Under the reported test conditions with UV-radiation,
and 20 Kevolt electrons and protons they suffer under accelerated
alpha-s deterioration. Secondly, IF-filter fracture leads to loss
of conductivity .

Comparison of the test results, gained from the SSM with
IF-filter protection with those,that carry grounded conductive
top layer leads to the conclusion, that the charged particle
energies predominantly affect the SSM alpha-s stability(ref.13,
14)., According to Holman (ref.16) under'severe" solar substorm
conditions the max. electron and proton energies range around
12 Kevolt. During "mild" and also during "moderate" substorm
activities , their energies are %3 to 6 Kevolt. Their intensi-
ties are similar to those of a "severe" sugstorm, where Ehe inte-
gral particle flux Ber year amounts to 1016 electrons/cm“ and
2 x 1014 protons/cme. Garett (ref.1?7) suggests Maxwell-Bolzmann
energy distributions for the charged particles. With such distri-
bution the majority of particles have energies of less than 12
Kevolt. Less energy means less damage. (This also applies to
the probability of electrical discharges due to charge build up
within the bulk of the SSM (ref.18) ).

Consequently , the presented results may not be identical
with the alpha-s deterioration of SSM in a geostationary orbit.
For a more realistic damage evaluation, therefore simulation of
the actual space environmental radiation conditions is mandatory.
Referring to Holman and Garett , the charged particle energies
applied here by far exceed those of the synchronous orbit.
Also monoenergetic psrticles should be replaced by particles
with energies y that come close to those of a Maxwell distribut-
ion.

To comply with the requirement for conductive surfaces with-
out resistance fluctuations and resistance changes, improved
substrates are demandede To increase its tensile strength,
teflon FEP reenforced with quartz fiber may be of advantage for
IF-filter deposition. The quartz fiber refractive index nearly
matches that of teflon FEP, and quartz fiber is even more resis-
tant to UV radiation, as the plastic is.

Further investigations of this technology, however, only are
warranted, if the actual space environment radiation conditions
are less severe, than those simulated during the 11000 ESH
and the supplementary tests, reported here.
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APPENDIX
The Schonland equation, used here , is
-12 2
S = 2,1 x 10 X Uaccel/ 4 R cm

with U the acceleration pot%ntial in volts, and @ the density of

the sample material in g/cm”. S is the electron penetration
depth in cm,.

This equation may be applied within the energy range from
5 Kevolt to 100 Kevolt (ref. 13, 14).

ADDENDUM

Microscopic inspection of the reported samples did not
reveal punchthrough electrical discharges . However , damage
due to surface discharges on samples without ITO , in particular
on those with IF-filter, was noticed (ref. 19).

Fig. 3 presents the exposure dependent alpha-s data of the
first 11000 ESH SSM sample test. Here the 4X come close
to those of the second 11000 ESH exposure. The“charged particle
energies were maintained at 20 Kevolt, corresponding to those of
the second long duration test. - Here ITO were grounded within
the vacuum chamber. Therefore no surface resistance data are
available. - The substrates of the samples represented by curves
A, C, and D are 125 ,u thick teflon FEP ; that of curve B is
50 ,u thick. - All tésted SSM have vapor deposited Ag reflector
wité Inconel corrosion protection,

Sample "curve A" carries a seven layer ZnS/Al,0 inter-
ference filter, Sample C corresponds to that of cur@e3 A, but
carries in addition a grounded ITO top layer. Sample "curve D"
has a PMMA varnish film sandwiched in between the teflon sub-
strate and the IFP-filter. & ground connected ITO tops the
multilayer SSM. Sample "curve B" is of a different brand. Here
the ungrounded ITO has been vapor deposited on teflon,
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Table I. 11000 ESH Teflon FEP SSM Exposure
Alpha-S and Surface Resistance Data

Integral Fluxes

e~ /cn® 0 131079 2x1071% ] 4x10"%} 4x107% | ex10"%} 6x1075 | 1x1078
N 0 2x1019] 3x1015 | sx1015} 71019 | 1x1078{ 1x1076 | 1x1076
ESH - UV| o© 300 | 600 1200 11800 | 3600 ]7200 |11
Samples A1l p h a - 8

o 18] 013 1 0,25 [0,27 [0,29 [0,30 10,51 jo,32 [o0,35

1 Imo 0,73 | 0,21 |o,22 | 0,24 lo,es |o0,25 |o,27 ]o,28

Teflon FEP1 0,12 | 0,1 [0,15 | 0,23 |o0,31 | 0,55 lo,63 |0,65

Teflon FEP| 0,11 | 0,72 | 0,7
+IF-Filter| 0,1 | 0,72 | 0,1

Teflon FEP| 0,11 { 0,72 |o0,75 | 0,26 |0,29 |o,50 |o,57 |o0,58

Surface Resistances, o0hm

8

Teflon FEP| 24x102| 5x107 | 7x10% | 69x10%| 2x103 | 1x108 |ex10” | 7x107

+PMMAE IR | 50103 ux10 | 18x10% [ 19x103| 0% | sx107 [9x107 |2x10™
Teflon FEP 10*17x103 | 3x10°| 2x10%] 1x10® | 6x108 | 108 |9x10"°
Table IIX. Alpha-S and Resistance Data of the Alternate
UV, Electron, and Proton Exposures
INTEGRAL CHARGED PARTICLE FLUX
- 2 14 15
e . /cn 5x10 1x10,
p*//c 2 9x1 o 2x10 2
ESH - UV 0 300 600 1200 1500
SAMPLES A L P H A -~ 8
Teflon FEP 10,132 | 0,132 | 0,132 10,139 | 0,15 0,169 | 0,185
Teflon FEP | 0,12 | 0,172 | 0,72 |o0,12 | 0,124 |0,124 | 0,126
+ 170 0,104 | 0,105 | 0,107 | 0,11 0,116 |0,117 |o0,12
Teflon FEP | 0,1 0,1 0,1 0,1 0,103 0,104 |o,104
+ IF-Filter| 0,1 0,1 0,1 0,1 0,103 {0,103 |0,103

Teflon FEP | 0,108 | 0,108 { 0,114 0,121 | 0,453 |o0,183 Jo,22

SURFACE RESISTANCES, @ Ohnm

| 13
Teflon FEP | 51010 | 7x10™3 5x10"° | 3x109 %10
Teflon FEP | 2x10° sxﬂog 7xﬂ01% ﬂoll uxﬂoa
+ IT0 109 | 8x10 6x1070) 2x10 3x10710
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