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1 INTRODVCTION

A géries of laboratory measuretnents has been periormed to explore the effects
of various extérnal garametérs on the donductivity properties of several typizal and
potential spacecraft insulating materials in a simulated space énvironrhent,

The materiale tested {nélude Kapton, Tefloh. quarts. and pélyvinylidene
flusridse, Tie parameters varied in theee teste include sample thickness, tamper -
aturs, applied vdltage. {llumination intensity and wavelength. and electron beam
energy and current dehsity. 'fésts were performed both with cénventional optically
transparent gold front-gurface eladtrodes and with the front urfaces of the test
sarhplés éxposed directly to an electron beard, All test) were conducted in a
vacuwm chamber at & prévéuré of approimately 1073 torr.

During thé course of thié program, L2, rather large number of tests were
perfortiied and many teste were repsated several times to verify triexpected results,
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It i8 not the Intent of this pager to present a detailed cormnpilation Of the results
6f theee tests but to sunmimarize gome of the more interesting géneral propertles of
the materfals tested,

Many of these propertiee should be of specific interest to thoee Involved {n the
modeling of spacecraft charging effects, in laboratory simulation teat{ing of space-
craft materials, and in the deslgn of future spacecraft.

2. SOMETEST RESULTS

The test setup shown ééhematically in Figuré 1was uded to obtain the reeulte
shown in Figures 2 through 11.

Test.samples were prepared by sputtering 200} thick gold center.and guard
electrades oh the front surfaces and somewhét thicker gsld grbund electrodes on
the back surfaces,

Thé area of the center elestrode is approximately 7 cma. Although teotal
Measured bulk currentg are shown in the figures, the effective bulk resistivities
‘pbulk) ctin bé caleulated, since

-4
Prtie.* oy (otimem) (1)

where V is the applied vbltage, | isthe Measured current, &nd d is the sample
thickneésa In fetérs,

Sample temperatures were cbntrolled by heating or ¢ooling the large aluminum
blbek 6n which the gamplesd were mounted.

For somé tests, a xenon light source was ueed to illuminate the satipled through
a quartz window in the vacuum chamber, Provisions were included far attenuating
the light using neutral density filters and fbr selecting a particular portioh of the
optical spéetrum using & sériés of bandpasa filters.
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Figure 2. bark-Bulk Current in Kapton V (5 mil) at
Various Temperatures

Flgure 2 shows an example of variations in canductivity with changes in dample
temperature. The sample material in this case was Rapton V.

It should be noted that several typeg of Kapton are available. Kaptén H (whlch
was algo tested) hag been widely used in spacecraft thermal blankets, Kapton V
{s repéorted to have similar general propérties but to alléw lese shrinkage at ele-
vated téemperatures,

It can be deen from Figure 2 that the dark bulk conductivity of Kaptén V in-

+e==-= == {derably with irnereasing temperature,

The values ¢f current showr {n Figure 2 were each measured 1min after the
corredpording voltages were applied.

Ifi theee particular teste, the inft{al digplacément currents appeared to have
become regligiblé alid the conduetion curretits were relatively stable after 60 jec-
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Fi ‘zx;ecfs. Bark-Bulk Current in Varisus Thicknesses of Kapton B
at

onds. This wall Slat true in all tésts, however, &nd in many cases, the measured
éurrents in various materials undeér Certain conditions continued ti, ehdnge 2onsiders
ably fér periods of several héurs,

Figure 3 illuetratee the effect of material thickne&s an ¢ffectivé bulk ¢én-
ductivity of Kapton H. ft can be sesn, farexample, that with ad applied voltige of
10 KV,. reducing the material thickness by & factor of 2, & produces an {ridrease in
current 6f two orders of magnitude. This correspdnds to a 40X (nerease in effedtive
bulk conductivity.
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Figure 4. Dark-Bulk Currents tn Various Materials
at e6°C

Figure 4 show  “e dark bulk currents measured in various materials of differ-
ént thicknesges, Due to the nonlinear effect illustrated in Figure 3. it {5 not poss-
{blée to uee a aimplé linear ¢orreétion t6 elimiinate rmaterial thickness as a paran -
eter in thé¢ Figure 4 data, Ingeneral. however, it har been obeerved that in the

dark. FEP Teflon and quartz are better inrulaters than Kagton and polyvinylidene
flusride by appraximately two ordérs of magnitude,
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Figure 8§, Bulk Current in Kapton V (% mil) at 22°C

Figure 5 illustrates the ahart-term effeet of illumination on the bulk conduetiv-
ity of Kapton V. Thé zenon lamp, in this case, Was used tb produce a power dénglty
of 1sslar condtart. (= 1.4 kW/m?) at the eample gurface, With an applied véltage 6f
10 kV, the mieasured bulk Current with illuminatisn is more than four orders of
magnitude tigher than thé dark bulk current.

Sirflar but 1éds pronsunced effects were observed in FEP Teflbn and in quartz
as shéwn in Flgures 8 and 7.
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Figure 8, Bulk Current in FEP Tefloni (6 mil)
at 100°C

The data in Figuré 8 were obtained at 100°C, The effect o urrination wae
réduced at ldwer temperatures,. Even at 100°C, the relative increadé in conductiv-
ity In FEP Teflon was twb or'ar8 of magnitude léss thah that obsérved in Kapton V
at 22°C,
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Figure 7. Bulk Current in Quartz (10 mil) at 100°C

The data {n Figure 7 were obtained at 100°C with an incident energy density
equivalent to two selar constants, It can be seen that the effect 6f illumination on
the ¢onductivity of quartz IS also significantly lower than that observed in Kapton v,

The data in Figures 5, 8, and 7 were ail obtained within 5 niin of the timé that
the samples wére initially exposed ta illumnination,
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Figure £. park-Bulk Current in Kapton H (5 mil) at 22¢C
Shortly After Various Periods of 1 Sun filumination

An additional seri¢s of tests was perforied in which Kapton H samples were
{llumiriated for longer periods and the dark bulk currents were feadured with
various applied voltages within minutes after the lamp was turned off.. The results
of these tests are shown in Figure 8. It car be séeh that the dark bulk currént
meadured stortly after 8.5 hr of {liumination {& ab much a8 five orders of magni-
tude higher thar the dark bulk current pefore illumination.

676



|04i

UL RERL
1 42280

i
i

1077

APTEH

LI RLLLL]
L iisin

!
|

108

TTITH
LEL

CURRENT — A

1 1E1E8l

10710

IR

i

w1

0 2 4 é 8 16

VOLTAGE ™ kv
SA-3848-8

Figure 9. Dark-Bulk Curfent in Kapton H
(5 mil) at 100°C Before add 85 Hours After
8.5 Hours of 1.Sun Illumination

Figure 9 illuetratee that the dark bulk cenduetivity after 8.6 hr of illuminatian
femains threé orders of magnitude higher éven 85 hr after the lamp is turned off.

This l6ng-term phenionierion MAly have an important effeet on the charging prop-
ertles of Kaptbn H materials on syhchronousd arbit satellites, particularly during
éclipse periods,
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Figure 10. Normalized Bulk Photocurrents in kapton V
(8 mil' at 22°C

In order to determine the optical wavelengths at which the cofiductivity of the
sample matérials id molt enhdncéd, tests Were performed with various bandpdss
filters insertéd between thé xenon lanip and the samples. Stihce the actual power
density at the teet sample tocation varied with bandpass filter transmissioh proper-
ties and. available lamp powst within the passband, the raw results of theee teats
have been normalized, The bulk currents shown in Figures 10 and 11 repreaent
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Figure 11, Normalized Bulk Photocurrest in Bolyvinylidene
Fluoride (2 mil) at 22°C

ihe medsured currents normalized €0ran incident pOwWer density of 1, 4 KW/ m?
concentrated Within the filter passband,

It can bé seen that the peak bulk normalized current o¢curs in the 500 to 580 nm
passband for Kapton V and in the 450 to 524 nm pas&band €or polyvinylidene fluoride.

For bbth of these materials, these wavelengths correspond te regions of trénsition
from high optical density to low cpticdl dénsity.

681



GLECTRON
GUN
100V-20 kV

LIGHT
SOUACE

-

MATERIAL
SAMPLE
/ HIGH THERMAL
CONDUCTIVITY
EPOXY

{ e WLLLLLLD - ULl - ULl )
I : iy GUARD ELECTRODE
V T

/77 \

CONTROL
SYSTEM

Figure 12, Setup for Eléctron-Beam Teste

The test ¢énfiguration ueed for tedts in which the front-gurfases of sarmiples
were exposed directly to an electron-bearm 18 shéwn in Figure 12,

During the performance oOF electronsbearn teste OR Kapton.V, it was found that
with a constant incident electron-beam density, the magn{tude of the bulk currant
obtained at & speéifie electron=beum energy depends én the beani energies ueed for
preceding test points,
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An example bf thig "hysteresis' effect is shown in Flgure 13. It should be noted
that the left-hand current gdale bn this figuiré is not logarithrmic but linear,

The initial m#éésyred currents bbtained by stepping the incident electroti-beam
energy up from 1keV to 10 keV, while maintaining the iné{dent beam current cor«
stent at 1nAIcm2. aré connected by the line labeled 1 Ea¢h of these currents was
meaeured after the incident beam had remained at the indicated energy fer 80 se¢-
onds.

The line labeled 2 shows the current6 obtained as the beam energy was stepped
dowh from 10 keV, It can be seen that curves larid 2 are quite different. Addi-
tional tests indicate that after stepping through the entive energy range several timee
in the dark, the result6é become similar in either direction (a8 shown in ¢urves 4 irnd
6) and e ''nysterewis" effect IS o longer evident.

However, after the completion of Test 8, the eleétron-beam was turned off for
60 seé while the sariple was expoeed to 1sun of {llumiination. The (amp was then
turned off and thé dark eléctron-beam test was repeated yielding the results shown
by &irve 7,
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Figure 14. Bulk Currents in Polyvidylidene Fludride
(¢ mil) et 22°C

The results of this and bther testa indicate that short periods of illumination
tend to ''erasé’’ the sample and return it to near it8 original state,

The reésults shown {n Figure 13 Were obtained with Kaptbn v. Stiri{lar effects
were observed using polyvinylidene flusride samplee.

In additional tests it was found that thie hysteresis effec: does nét occur if the
samples are {lluminated throughout the tést sequence.

Preliminary results of btk dark and {lluminated eleétronsbearm tests on
polnylidene flusride and Képton 7 are shéwn in Figures 14 and 18;

Figire 14 indlcates that for potyvinglidene fluoride. et incident beani energies
above approximately 8 keV, the bulk current is l{rnfted by the &vailable incident
beam current density. 7This 18 true both with and withsut {llumination,
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Figure 15. Bulk Currents in Kdpton V (6 mil) at 22°C

With Kapton V, however, the bulk Current increases significantly under 11lu-
minatién as iS Bhown in Figure 15.

The reasonis for reduc¢ed dark bulk currents with inereased incident current
dehsity. particulerly at lower beam eriergies obs.s.ed in Kaptan v, have net yet
been explored.
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8. CONCLUSIONS

The data preeented {llustrate sdmne of the complexities in electrical charac-
teristics exhibited by typidal spacecraft materiale as a result of interactions with
various conditione of their envirsnrment..

Increased concérn with spacgeraft charging phéndmeéna and their effects has
recently resulted in increased efforts td provide more csmpléte médels of the spare
environment and itS interadétion with spacecraft, There {8, nowever, at present,

a critical lack of theoretical and expérimental information on material properties
for use inthese etforts as well as in the design of future spacecraft and inthe
development of new epacecraft materials,

In particular, efforts should be made to provide a better understanding of both
the shott-term and long-term effects of the space environment on material proper-
ties ahd ¢f the effecte of material properties on spatecraft ciarging phenomena.
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