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1. INTROD~ldnON 

A eeries 6f lrsbbr&torg mae\iraments ha& been perfol'med to  explore tH(! effects 
of various edernlll  paraineters 6n the eenducthity propediee 69 severirl typieal and 
potential spacecraft insulating materials in a simulated space cnvfronment. 

The materiale tested inelude gapton, Tefloh. quarts. and pblyvinylidene 
Eldoride. Tile parameters varied in theee teste include a m p l e  thickneS6, tamper - 
atdrb. applied vdltage. lllumination intenlitit9 and wavelength. and electron beeini 
energy and current dehsity. 'ketjte were performed both with conventha1 opticeilly 
tiailisparent gold front-surhee elbdtrodeL and with the front ~urf 'acee of the teet 
eaxhpio8 expoeed dirietMy to 8rl elldtroh beazii. All test) *ere conducted in a 
Vacu2un chamber at 8 preedure of approfimktely 10'' torr. 

During thd court9e of thib program, lD ir rather large number of teYt8 were 
perforified and many teste were repegfed eeVere~ titnee to verbf iznefpected results, 
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It is not the Intent of this pager to presefit a detailed cofnpilatloh Of the reeulte 
af theee testa but t o  Bummariie blbme of the more interesting general propelVties bF 
the milterfala terjted. 

Many of these propertiee should be of specific interest to thoee Involved in the 
mbdeling of spacecraft charging elfecte, in ltibol'atory simulatien teatinq af space- 
crllft hatetia18, ahd in  the detiign &f futube spacecraft. 
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2. SOME fBST RESULTS 

The test setup shawn achehatically in Figurt! 1 w88 uBed to obtain the reeulte 
Bh&wn in Figures 2 through 11. 

T&t.8artipleB were prepared by sputtering 2Obt thick gold center. and &\lard 
electrades oh the front surfaces and sbme@hiit thicker g61d grbund electrodes bn 
the back ewfacea. 

Measured bulk eurrente a r e  shown in the figures, the effective bulk resistivities 
@bulk) can bectUclllated, eince 

a The area of the center ele5trbde is approximately 4 cni . Although tbtal 

where ti is the applied vbltage, I is the Measured current, and tl is the &ample 
thickrieSle In metere. 

blbek bn which the $ample@ were mounted. 

ti quartz window in the vPbuum chambeii. Provieibne were inbladed far attenuating 
the light Wing neutral density filtere and fbr selecting a particular portioh of the 
optical spectmm using LL Bei'ieb df bandpasa filters. 

Sample temperatwee were cbntrolled by heating br coolin& the lap& a l m i n u m  

For abhe teat& a xenon lieht amrce waB ueed to illuminate the eattiplee through 
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a = 90 " 
b = 33 1Rm 

FiglPe 1. detup f w  Fr6nt-SUffkBCe Etettrbde Teets 
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Figure 2. bark-Bulk Cwren t  in Kapton V (5 mil) at 
VBriaus Temperatures 

Fi$ure 2 ehows an example bf variatiohb in canductivity with ch&n$ee in $ample 
temperature. The eiunple material in this cage wae Kaptcrn V. 

It ehbuld be noted th&t several  typee of Kapton a r e  available. KBpton H (whlch 
wBE ala0 tested) ha8 been widely used in spkeecrlft thefmat blPnket8. KPpton V 
ie rewrted t b  have Bimilar general propertie6i but to a lbw lese rlhrinkage at  &le- 
vkted tempepaturee. 

It can be Been from Figure 2 that the dark bulk conductivity d KBptbh V in- 

The value6 df current shown in Figure 2 were each measured 1 mid after the 

In theee partibular teste, the Iditiai didplacemetit currents appeared to have 

iderably with irrcreasing temperature, 

corredpbddhg voltageb were applied. 

become rieglikible alid the conduetion curretits were relatltely etable after 60 iec- 
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Pigrire 3. Bark-Bulk Curreiit in VaribuB ThiCkfiei36e6 bf Kapton H 
at 22% 

dfide. Thle wall Slat true id all test&, hewever, Bnd in inan$ c88e6, the meaeufed 
durrente in v0fibUs materials irnder Certain conditioris continued ti, chdnpe ir6nsider- 
ably for Wribdt3 of several h6ure. 

Figure 3 illuetratee the effect of material thickneb& an tstfeclrl6d bulk Can- 
dtlctivitg 61 Kapton H. k cad be eec~lri, far example, thirt with ad applied voltA$e of 
16 kvb. rtsduding the material tIdckne66 by I hetor of 2.6 producee an iriefeaee in 
cufrdnt 6t two @der@ at magnitude. Thh carreijrCjnd6 to a 40X indreaee lri eftactive 
bulk conductivity. 
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APPLiEb VOLTAGE -- kb 
Figure 4. Dark-Bulk turliente tfi Variourl Materials 
at eao(: 

Figure 4 shox ‘-e dark bulk currerite meabured in veirtous mateliialb of differ- 
8nt tMCkneat3ke. me to the nonlirieal! effect illustrated in FigWe 3. it i& hot pe&e- 
ible to  uee a eimple linear cWre&ian t6 elinlinets inathrial thicknebe a8 patam- 
e te r  in the FiWe 4 dtrta. In general. hewever. it har been obeerved that tn the 
dark. FEP Tefldh and quartz a r e  better imulators tWn gapton and palyQihylkf@de 
flusfide by appraximately two oraws 6P ma#nitude. 
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Figure 5. h l k  Current ih Kapton V (b mil) at 22OC 

Figrlre 5 illustrates the ahart-term effeft of illumination on the bulk condtictiv- 
ity of Kapton V. The Xenorl lamp, in this cisse, was tiged t b  produce a powel' deneity 
df 1 s61isr cotxitarit. (e 1.4 kW/m 1 at the eample eul'face. With an applied v61tage af 
10 kV, the meastired bulk Current with illiuninatibn 18 more than h i .  ol'dera of 
magnitude hi$her than the dark bulk current. 

a6 shbwn in Fifliee % Bnd 7. 

2 

Similar but l6es pl'orlirunced effects were obbewed in FEP Teflbn and in quartz 
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Ft&ufe 8. Bulk Current in FEP Teflafi (6 riiil) 
at lbo°C 

?he data in Pigul'e 8 were obtained at 10b°C. Thb effect o. 'uiriinatibfi wBB 

redueed at ldwer terilperhtures.. Even at 166OC, the relative incCe&BC in condudtitr- 
itjr In FgEP Teflon was twb br,'srB of inagdtudc! leeljl tWir th&t abeerved in Kapt6ir 
at 2 2 O % .  
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The d&t& in Figure 7 were obtained at 100°C Jv.ith an incident energy denlity 
equivalent to two tro!ar conatants. tt cLn be seen that the effeM ai’ illumin&tion on 
the eondictidtp id quartz is also &ignfiitSiitly lowet than that observed in KaWn V. 

the slunplei3 w W e  initla!l$ exposed ta illuinifiation. 
The data in Figures 6, 8 ,  and 7 were ail obtaided within d niin df the time that 
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Pigure 9. Dark-Bulk Curpent in Kapton H 
(6 mil) tat 100°C Before add 85 Houre After 
8 .5  Haw& af 1 Sun Illumination 

Pigure 9 illuetratee that the dark bulk canductlvity after 8 .6  hr 1-f illuminatian 

Thi6 lbtlg-term phetiumribri may hrive bn imprtknt effeht on the dhatgh& pftjp- 
tWn&in& thPe6 order8 of magnitude hieher eve3 68 hf. after the l&mp is turned off. 

ertiel  of Kaptbn H miitterlals oh BynehronotiB arbit eatcsllitesl, pafticulafly dWing 
eclipee perisde. 
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Bipure 10. h'olimalized Bulk Photocurrentb in kapton V 
(5 mil' a t  22"t 

In order to determine the optical wavelengths at which the canductivity of the 
sample materialis id molt  enhancied, teEiti3 Were performed with various bandpase 
filters insertgd between the xenon lanip and the samples. Sthce the actual power 
density at the teet sample locdiod vari88 tkith bandpaes filter transmissioh proper - 
ties and.&vailable lamp p o W W  within the passband, the raw results of theee teats 
have been normaltried. The bulk cilrretits shown in Btguree 18 and 11 repreaent 

680 



I r 

IO-’ 

1 1 I I I 1 I 
800 lobo 120b 1400 0 200 4bo Bap 

WAVELGNCTH - nm 

Figure 11:. Noirnalized Bulk Photocwrezit in Edlpinylidene 
Fluoride (2 h i l l  at 22’C 

the meadured crirrents normalieed €or an incident power density of I. 4 kWlfn2 
concerltrated Within the filter paseband. 

It can be seen tMt the peak bulk normaliked current o e c u ~  in the 500 to 580 nm 
passband for Kapton V and in the 450 to 524 nm paseband €or polyvinylidene ‘fluoride. 
For bbth a€ these materials, these waveleng’ths correspond ta re$ions of traneitibn 
froin hieh optieal density to low cptical densit$. 
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Figure 12. Setup for ElBctPon-Beam Teste 

The test cMflgul'ation ueed far tedts in which the frotit-swfaeee bf eartiplee 
Weire exposed dlrectly to an electrofi-beQm is ehWn in Figure 18. 

During the performance of electroh~bcam teste OR KaptosrV, it was fouird that 
with a constant incident electron-beam density, the niagnitude of the bulk currant 
obtained at 8 specifid electron-betani energy depends On the beani energies ueed fo r  
precedlnl! test pointe. 
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Figure 13. DArk-Bu!k cur ren t  ti8 fieam Enerey hi 
Etaptah v (5 mil) at  2 8 0 ~  

An ekcmrple bf thid "hystereBis" effect iS &hewn in Figure 13. It shbrild be nated 
that the left-hand cWrent adale bn this figure is not ldgarithrhic but linekr. 

The initial mtiilsured currents bbtained by stepping the incident electrorr-beam 
energy up frbm 1 keV to 10 kefr, while maintaininif the intident beam crirrent cori- 
stant at 1 riA/cm2, are cbmected by the line labeled 1. EaCh of these currents waB 
meaeured after the incident beam had remained at the indicated energy fer 80 eec- 
On&. 

The line labeled 2 shows the current6 obtained a@ the beam eneigy was atepped 
dowh from lb keV. h ban be seen that curvee 1 arid 3: are quite different. Abdi- 
tional test.@ itdcate that after etepping twbugh the entlke energy ran@ several tlmee 
in the dark, the result6 become similar in either Ilirectioh (ab shown in C'rves 4 irnd 
8) rind be "hystererris" effect is ild longer evident. 

Hciwever, after &he co'mpletioti of Terrt 6 0  the eleetroh-baBM was tuenell off for 
60 @ee while the aaxiiple was expoeed to 1 sun of flluniinati@fi. The tamp was then 
twned  off end the dark eledtroh-beam test was repeated ylelditig thb resultb shilwn 
by % W e  7. 
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Figure 14. Bulk Currents in Polpinylfdene Fludride 
(2 mil) et 2 2 0 t  

The results of tM8 add bther testa indicate that shox% periods of illuminatiah 

The PSeeults shswn in $i$rlPe 13 Were obtained with Kaptbn V. Sirililar effects 

In additional tests it watj found that thie h p t e r e a i s  effec: does ndt occiir if the 

Preliminary results of birtl d w k  and illiuninated electronsbeani tests on 

Figdie 14 indicates that for poioryvinylidene fluoride. et incident beani energies 

tend to "erase" the sample and return it to near it& dl'iqinal btate. 

were obrierved using pblpinylidene fludride samplee. 

samples are illritriinkted throughoilt the t eBt sequence. 

pulydnylidene fluuriae and gapton f a r e  ishfiwn in Figures 14 and 16; 

abwe apprdximatalg d keV, the tiulli current ie liliiited By the kvailable incident 
beam current density. This iE) true bdh with ahd withbut illi"rlatibti. 
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F i p e  15. Bulk Currents in Kapttm V (8 mil) &t 22OC 

With Kaptbn V, hbwever, the bulk Current incfeaeee signiffcantly under illu- 
minnathi ae is Bhown in Figul'e 15. 

The reahon8 for retitliteel dark bulk currents with increabed incident curtent 
dehsity. partlculkrly at ldweP beam energlea b L : . e ( f  in Kaptan V, have dbt yet 
been explored. . .. 
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3. CONCLUSIONS 

The data preeented illuetrate Eidme of the complexities in electrical charac- 
teri8tics exhibited by typieal @p&ecraft materiale a s  a result af interactitme with 
varf6us conditione at their envirbnment.. 

Increased cdncern with &pahecraft charging pbndniena and theii. effects hhs 
recently reeulted in increased efforts td provide more &emplc?te mddels of the spare 
environment and its interaction with spacecreft. There ia. howevrot, at preserkt, 
a critieal lack of theoretical and oxperiniental information on material properties 
fop uee in these effort8 as well as in the design of future spacecraft and i n  the 
development of new epacecraft materitlis. 

In particdlar, efforts should be made to  provide a better dnderltanding of both 
the shotZ-term and long-term &€feet8 of the space environment on material proper- 
ties ahd df the effecte id material properties on spatecraft  chatging phenomena. 
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