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8. Surge Current and Electron Swarm Tunnel 
Tesfs of Thermal Blanket and 

Ground S!;ap Materials 

D.K. H b f h s t e r ,  G.1. Inbuye, and J.M. Sellen, Jr. 
TRW Debr i le  d Spate Systems Group 

Re&& Beuth, telif .  

1. INTRODl'CTIOI 

This technical memoranltum w i l l  degcribe the results of a serieB of current 
conduction test8 with a thbrhral-control blanket t6 which grounding s traps have 
been attached. The material and the ground strap attachment psocedure w i l l  be 
de8cribed rimre fully in Seetian 2. The current conductioh tk$ts consibted of a 
eurge current exarhinatibn of the ground dtrap and a dilute flow, energetic electron 
depositfon and trafiepbrt through the bulk d the inBulating film of this thermal 
blanket material. Both bf these test procdddres have been u&ed previously with 
th~rlm81 cbntrol blanket m$tei.kli;r. 
panytng teet result&) has been previouBly described id Ho€€master et  al. The 
eledtrbn de#io&ttion prbeedurtt bnd accompanytng result&) has been described in 
Hoffmaater and Sellen. 2 Because ot the length of these praviblls tnemoranda, 
there wt11 be no ettempt tb represent here the cohteirt of these papers, and it is 
recamrhended that these &erliCIr teet procedures ahd results be read as a portion 
ot the total TRW ln-hbuge exafnitratlon of therinal control blahket material response 
€0 particle irrjectlori and to surge currents. 

behavtor of the Materiai tci these test procedures is considered as  a distinct 

The surge curredt tegt procedure (arid accom- 

Withbut pireserittng specific ejtperlmental detEit1s here, tt wtll be noted that the 
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trrrprovemetlt over pritsvlaualy abservod bekavlur. Stnsc? the ultimate selection of 
spacecraft ~urface matcrtals w 111, undoubtadly, tnvolve many dtffcrcnt featurw of 
th@ matertal& supeftor potfoemanae ta surge currents and depositrd currentfl 
may not be the ftnal, and cfuctal, fnsteftal aPpects. In vtew, hawcvcr, of ncknow- 
ledged problems in chtdge up dihcharge tn magdettc subbtorms at  geosynchronous 
altttudee, the material performance tb be d"2tbed hdfe  under ccrtaih simulations 
of these space envtr'bhmental conditions should be sonstdered RB a Btrong reemn 
for their use. . . . . .. .._.. . . .. . ... .. . .._I._^_ " . . 

The thermcil.cbntro1 bla !:et material uged here (OPCCON KN- IO) is a 0. OOC5 in. 
(1 .27 X 

WDA) tb a depth of - 1000 

of NOMEX ribbon thread (described ad a Mylar-like insulatar) is attached. 
grid i l  - 6 threads p e t  inch id each bf two directions. 
- 0 .  0025 ia. >< 0. 020 in. 

cm) Kap_ton* film &ith a r e a r  face of Vacuum Deposited Aluminum 
. A t  the rear (exterior) face of thb VDA film, a grid 

The thread dimensions a r e  
The 

The ground straps a r e  aluminum foil cit 0 .75  in. width and 0. 002 in. thick- 
ness, bonded tu the VDA layer with a cbnducting epoxy. 
with a 1. bb in. X 1.25 in. aluminum tape as per the current DSCS fabrication 
tkchniptle. Each kapton sample had an area  of 3 in. X 4 in. and *as equipped with 
t w b  grounding straps. 

The joints a r e  overlaid 

3.1 , General Considerations 

In the &urge curreht tests, the curreht t$ tnjected over a. broad area  at  the 
mtdplane of the VDA ftlm on the r e a r  face of the b p t o n  and I s  conducted Into a 
sifqgle ground $trap. In prihcipie, then, the current flaw it3 in the VDA ftlin and 
hence tb the conducttng epbxy and to the $routid stt*ag. In practice, it is apparent 
that, ir: addttion to the conducttng path above, current flaw may alho (if necessary) 
take place in the MbMEX grid. 

f i e  stir& current generator is a power dugply which charges a capacitor to 
10,000 vblte and a hydrogen thyratran ahd sefies current limiting reststor. The 
firing df the hydrogen thyratran causes the capacitor to dischatge through the 

*%me of the tests perfopmed with the 0. 0005 in. matertal were repeated with 
ORCON utiltdtirg a 0.003 in. Kaptdn base ftlm. See Section 4.  3.2 for these 
teste. 

, .  

. ,. 
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sarics reaistor (1000) and the VDA fLlm /conducting epoxylnluminum ground fitrnp 
The total charge flaw i s  determtned by the capncltnnc'e and the, rhrginf!  voltngc. 
For the cnpacltars uacd of 9 I; Y 

Lng voltags of 10,000 volts, I t  follows that tatal charge f l o w ~  for the vnrioufl ti*@t@ 
wbrc -at; ,  la0, nnd 1000 uc,  
were -6 .  Jr;, 1. a, and 10. 0 MSCC, 

steady-state measurement fram the hpu t  cltlmp to the output clnmp on the, s u r p  
current generator, made after each current-buret. Only very low scn8ing vo1tngc.s 
a r e  used tn these measurements. 
"dynamic" measurement, and is made during the time of the high current pnssrcge 
through the V D A  /ground strap combination. Significant difft?renees may exist 
between these two measurements, particularly at  the high burst number level. 
where the removal of VDA near the gPound strap bond has taken place. 

10, 0 Y 10" and 1111) Y 10"' E' nnd tlrc. vhorfl- 

The! characteristic durations of bhr+ari cwrrvnt Rurgf e 

Two typee of rcsietance mensurements werc me&, 'rhc f irs t  of thc'w. i s  R 

The second resistance measurement is n 

X 2  Steed) Stcite lte~istuitrc~ 

Ohmmeter type measurements were carried out an six ground straps. The 
results of these resistance measurements a r e  given in Figures 1 through f; as a 
function of the number of current bursts applied and for the three levels of capaci- 
tance in the high voltage storage capacitor. 

volts and with a series resistance of 100 R (leading to a peak surge current of 
100 A).  

For  a large number of bursts, the steady state, post-burst, resistance remains 
approximately constant. 
anc& a r e  comparatively rapid. In previous tests bf ground straps,  ' these rapid 
increases in resistance were attributed to the removal of the last  remaining 
portibns of the V D A  film lebding into the conducting epoxy bond. 

While removal of V D A  occurs for the present samples (as w e l l  a s  for previous 
ones), there a r e  two major differences between the behavior observed here for the 
added NOMEX grid and tlrC previous samples where the grid has been absent. f i e  
first major difference is that the number of bursts  required to reach the "knee" of 
the R (n) cWVe is now considerebly larger  than for the previbus ground straps. 
For example, (sei2 Figure 7, Hoffmaster e t  al l ) ,  the knee of R (n) curve for 
3 . 6  X F, 100 R, and lo4 volts was observed at  - 300 bursts for the ground 
straps used there, while in the present case, over 1000 bursts w e v  rcquired to 
reach the rapid rlsing portions of R versub: n. 

P second major difference between present and previous results is that, for 
the preeent (NOMEX alded) ground RtrRp, visible surface a rcs  did not orcur,  w e n  

Figures 1 and 2 illttstrate results for  a 3600 pF capacitor, charged to IO, 000 

The shape of the FI (n bursts)  curve is similar  to those obtained previously. 

Above some burst  number, however, increases in res is t -  
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Figure 1. Resistance of VDA/NOMEX/Graundatrap Sample 1 as a Furrctinn of the NumheT of Current Burets. 
hi:id surge current = 100 k and tatal charge throughput = 36 p c  
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STEADY ffAtE RESISTANCE (OHMS) 

Figure 2. R?sistBnce of VDA /NOMEX/Grbund@tr&p Sample 2 a i  a Function 
of the Number of Current Burst& Initial aurge current = 166 A and total 
charge t h m q h p u t  =.3-kk!.c.. .. . 

after. the VDA film had teen removed from the i e g h  of the bond. It i l  appbrent 
that the preeence of the NOMEX grid provldel alternative conducttbn path$ end that 
the conduction of this dew condtructton d6es nbt rcrgult lh the metal-to-metgl a rcs  
across  dielectric suidaces observed earlier.  This is e digriificatit improverllent hi 
performance and tndidates a large reductidti ifr surface discharge current noise, 
should cobductinn be requlred and if the; VDA film near the bond haie been remaved 
by previous current bursts. Section 3.3 wi l l  conhider theEie dynamic clirrent 
conductidn processeg further. 
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$igWes 9 and 4 tllusttate the steady at& reel8tatice BB a funCtb# ai tht?-aiun- 
bet of bursta for  B larger  capachoc.thah above. The tnereese in C ftotrl 3.6 X 16" 
to 19 X loo8 F reeults Lr) d lbea of ground atrap life. VDA f i lni  removal now LIcccrs 
at - 300 burst@. when the capocttance is increased to 100 X lou9 F, the film 
removal occurs after - 20 burst& Thees results &re given in Ftgure 5. Visible 
surface a re s  were not obsewed for  these highet cwaoitanCe dte&hakgeB, folLoJvihg 

0 

Estgbre, 9. Redstance of Vf3A/NOMEX/drotindetrlip Sample cis a Ftinctiofi 
of the Nhiitrber bf Curredt Burst& Initial Bur&e curreht = 106 A and total 
charge throughput 100 Lcb 
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16 

Flgure 4. Resistance of VDA /NOMEX/Croundstrap Sample 4 at3 a Functi6ti 
of the Number of Curredt Bulttits. Iriitial eurge current = I00 A hnd tdtel 
charbe thrbughput = 100 IC 

lose of VDA Bnd the inereaee in the eteady Btdte tt?di$tanee. 
buret number befbre VDA rembval With Irlcrealing capacitance I s  expected to occur 
and had been tibserved prevlouely Iil the grdund strap experiments of Hoffmagter 

however, fbr this newer configuratloii is a cbnducticin ability after V D h  reriroval 
0nd wtthbut surface breakdawn. 

The lbsg of allowable 

e t  a1 1 (dee. for example, ptgure 4, ot tioftmaeterl). T ~ C  riiost significant feature, 
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Figure 5. E(e!eistahce af vp~/N~MEX/Cr~rm~stfaphaetrap Sample 5, as a FunCtbn 
of the plumber of cur ren t  ButBt6. InitiBl surge curfent = IbO A and total 
charge thrbughput 2 1800 P C  
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3.3 Ilynemic Resietence 

The d@amic festetance measufemente ape  obtained by meaeured current 
now In the circuit and the accottipahytirg clamp-tb-clamp volta$e during the current 
buret. a t e  ilpirmtc regietance w i l l  ribt be equai to the stead'y state reetdtance, 
id general, atld, abo of (mgbrtarike, w i l l  not remain at the dame value d'urtdg the 
current buret. TO illustrate the differences bettveeri &tea89 etate and djmamtc 
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reeigtafices, this Mcttoil W i l l  &ntah  nieaduremehts of bbth, althdugh principal 
emphMis will be on re6iBtiZneb during the curreht bupst. 

l?>P these inelsurements, a fresh sample, (Sample No. 61, wa8 ekamintsd for 
both steady state and dynamic valuies a$ a fuhction of burBt l i l i ~ b e r  and as a funt- 
tion bf time during the current burst. 
measuremetit$. In Figure 8, the conventional, &toady Btate, reeistance is given. 
For  a cbpacitatite of 10,000 pF, lo4 volts, and 100 fl in Beries tesistance. t h b  
sample withstood in exeeL8 of 400 burets beCdre exhibiting a deterioration of the 
VDA film. Excede of 900 bursts were required to reach high level Steady state 
resistanke. 

3Set. and 2. 5 wsec after the inititition of the current burst (Figures 7 - 9). 
effects a r e  apparent. 
later periods in the burst conductions, and is evidence in a change in the surface 
material properties. 
value$ Bignificantly lesa than the post burst steady state resi6tarice. 

The exact nature of the surface change takirlg place during the burst has not 
been deterniined. 
SurfaW (or perhaps PJOMEX) alteration which providee an increalingly effective 
canductibn path for curretlt, for itacreabed flow duration, and which act$, after 
the VDA removal, a$ an effective, alterrtite. cbndllction path. 

Figurel  6 - 9 have the reBult8 of these 

The dumami& resistance was measured at three time periods, 0 .  33 I.cSee, 0.94 

The firs t  of these is a diminbtion of dynamic resistance fer 

The kkcond effect ib.thAt dynamic reaistahcc proceeds tb 

TWO 

There is no vigibk surface arc.  There is, neverthelesd, 6orfle 

I 
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Figure 8. Bym”c Redatenee of VbA /NOMEX/Cr&undetrtp 
Sample 6 e6 a FtihcMod of the Number of Current Burete at 
0. 94 beet after Current Surge Inttiettoh 
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- 
DYNAMIC RESI$TA&t (OHMS1 

Figure 9. Dynamic Resistance of VDA INOMEX /Groundstrap 
Sample f aa a Furiction of the Number of Current Bursts at 
2.  5 usee after Current Surge Initiation 
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The reeults of the current $urge teats indicated that the presetice af the 
NOMEX @rid on the r e a r  face aids in codductibn bf these large current bursts. Iti 
the grocesd of- gl'id attachmerlt, hbkevbr, i t  appeared as a possibility that t h e  
N O W X  grid could cause a field Intensification for electrorl cbnduction through thc 
bulk bf the Kapton film WhiCh could (po$Blbly) result in dielectric-to-metal a r c s  
from the Kapton ihterior to the r e a r  Pace VDA tor severe charge-up on the Kaptbn 
surfafe. The Electron Swarm Tunnel (EST) teat@ were initiateu to explore this 
sefond, and important, charge cohductian process. 

The EST used for these tests ie  the 2 f t  X 4 f t  facility described ear l ier  in 
HoCrhaster stid Sellen. 
alang the chamber axis and deposits bn the exteribr face of the dielectric film, 
thus simulating the-electrbn depbsition process during magnetic substbrmS in space. 
Iti the 2 ft  X 4 ft EST, both electron flus and electron energy a r e  variable. Although 
light simrces a r e  present in this facility, there was no deliberate application of 
light during the electreti depoeition, and, thus, no deliberate appeal to photo con- 
ductive transport 6f deposited electrons through the foil. 1h the depbsition tests  to 
be discussed here. electron acceleration energy varied frbm 2 to 6 kV and deposi- 
tion flu* from 16 nA/em2 to 20 M!cm2. 

I - this chamber, a monoetiergetic electrod beam s t reams 

1.2 SanipIe Configuration 

Figure 16 illukitrated the sarhple configur&tian used in the EST tests. The 
measured drainage current is at  the r e a r  face VDA film for forward face electron 
depositibn. 
ac t l  a s  a guard ring to prevent Burface drainage clrrrent entrance into the r e a r  
face VDA film. 
rente in the Rapton a& a remit of the depolitibn of ener.getic electrons on the front 
surface of the film. 

The added ring on the front gurface (with oJPrlying insulating films) 

"he r9Sulting meadurenienta are ,  thus, of bulk conduction cur- 

1.3 Klertron Iheinapi. Curretit IltusurrmtWs 

4.3 .  1 D R A W A G k  THROUGH O P T O N  A T  0.0005 IN. THICKNESS 

Figure 11 illustrates the drainage current ded8lty (in aanoamperes per square: 
centimeter) a$ a function of the acceleration voltage of the deposited electrons and 
for varying levels of electron flu% ln the depositidn. 
pdsures Have been made id sigilificant. 

in$ t6 a r e a r  face dreinege culrerit df 5 0.05 nA /cm2. 

The order in whlch the e l -  

The initial depasitidn condition h a s  a 2 keV electron fld\k at  10 d 'cm2, leed- 
This drainage current is 
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KAPTOW 
TAPE 

' SIDE V l w  EXAGGERATED TO fHW DETAIL 
ALL MEASUEM~NTS IN CENTIWERS 

Figure 16. Kapton/VDA /NOMEX rhertnal Cbntrol Material Sample Configu- 
ratibn fob klectron Swarm Tunnel 'rests 

considerably larger  then that observed for 0.002 in. (5 X ioa3 cm) Kapton foil, 
measured earlier.  Larger  drainage is expected, of course, because of the re- 
duced thickriels (1 .27  X 

to -0.5 nA/cmz. "hi8 rapid lncreaee in  conduction current density a8 beam 
energy increased i B  typical, and is attributed to held enhahced conductivity in the 
inaterial. A continued increase i n  electron accelerntian ehergy to I; keV, caused 
ah tricrease ih conduction current to 1 . 5  riA/cm'. Since the incidkirf flux at this 
polfit Wee otiiy i b  liA/cth2, and stnce secoridaty electron emission causes a 
re reka$e ,  back td space, ai significant ainounts of electrohs, the observed 

cm) of the foil. 
Increases in beatn energy to 4 keV caused drainage current density to Itlcrease 

, 
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A c  e16mtton Vplta d fat Depaeitioli Pilut Denelties af I0 n~ /crh2 and 20 i iA / 
cdls on )ICON Uii f king 0.0005 in. K~i~tari Elrise Film 
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conductton could bc ltmltcd by tncidcnt flux rather than by material rastatlvlty. To 
test this possiblllty, the dcpoeitlan flux W R O  lncreiiacd from 10 nA/prn2 to 20 d/ 
cm and conductton currcnt density tncrcaesd from 1. 5 ts 5.4 nA/cbrn2 thus ('on- 
flrm.ing notions of conduction limited to incdent dcpoeition. 

The84 extraordinary drainage lcvels (ln cx6cBR of substorm dspositione) 
usually lead to materlal alteration. 
teration, the depositlon condttlons were then moved to (4 keV, 20 rJ\ ,/em2) to 
(4 keV, 10 nA/cm2) and, finally, to (2 keV, 16) nB/cm2). 
demonstrates that a permanent alteration of the material has occurred as a r t w l t  
of the high level drainage at the upper end point of the acceleration voltages applied 

The drainage curfent measurements also examined the conduction current 
trace for  evidence of material electrical breakdown. 
tions of drainage Curr .nt were observed, there were no major interruptions 
the conclusion of the drainage current tests, the sample was removed from the 
test chamber and subjected to visua! and microscopic examination. 
evidence of electrical breakdown. Thls is not to coiiclude that optical properties 
(absorptivity, emiPsivity) of the Kapton film have remained unaltered by the high 
electric s t r e s s  electron drainage conduction. hleasuretr ?nt of optical properties 
should be carried out both before and after  thk electron deposition to determine if 
f i lM alteration has occurred. 

2 

To examine the possibilit; of pcrmansnt 01- 

The widenee clcwly 

Although occasional altera- 
A t  

' h e r e  was no 

4.3.2 DRAINAGE THROUGH KAPTON AT 0.003 Ih'. THICKNESS 

Section 1 has noted that the ultimate selection of spacecraft surfpce materials 
w i l l  involve many different features of the materials. 
base film is amongst those features. 
0. 0005 in. Kapton film sample described in the sections above, and concur?rc+ 
with the availability for test of a material similar  to the f irs t  sample (NOMES gr id  
and VDA features unchanged) but with 0.  003 in. thick Kapton as the base film, it 
was cansiderbd of interest to repeat the current cor.ductlon tests. 
rent conduction behavior would not appear likely to be dependent dpon the base film 
thickness, because these surge currents a r e  within the VDA film and the NOMES 
fibers. Tnere was no apparent reason, thus, for a repetition of the surge current 
cohduction for the ORCON film utilizing the thicker Kapton as the base film The 
bulk ronduction of electrons through the film in the EST tests, on the other hand, 
could be expected to be thickness dependent, and these electron deposition experi- 
ments were repeated with the new, thicker film, samples. 

The 0.  003 in. Kapton film ORCON sample construction was the same as  that 
iltustrated in Figure 10, except that the Kapton film, as previously noted, is nc - *  

0.  003 in. thick, and the lateral dimensions of the sample whose drr,inage I s  under 
examination a r e  7.  1 Y 7 .  1 cm (rather than the 4 .  C Y 7.  3 dimensions used in the 
0. 0005 In. base film case). 

hleclianical strength of the 
At the conclusion of the tepts with the 

The surge rur-  
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f i e  second 8RCON $ample was placed in the EST and the beam energy varied 
from 4 to 10 kJ tit cufrent densities of LO nA/cm2 rind 20 d / c m 2 .  
illustratea the meabured cotiductibn current in thts sample with. the thicker Kaptbn 
f i lm,  Several features &f the resultls showti there differ cofiliderably from the 
dratn&ge curredt results shown in Figure 1 1  for the thinner Kapton. 
difference between the two films i B  that th& drainage current density 16 greatly 
reduced for  the thicker filrh, cbinpared to the drainage of the 0. 0005 in.  samp!e. 
Under a cohvedtibnal apprdach tb thi$ electron conductibn it  might be expecteci that 
drainage currents would be reduced by a factor of ti, because the film thickness 
incretiseg by a factor of 6 (0. 0005 in. to 0. 0003 in. 1 and because film resistance 
in cohventional conduction Should be prdportional to film thickness. It dhbuld be 
noted, however, that the cohduetion is reduced by ratio6 much larger  than the 
thickness ratio. A t  4 keV, 10 nA /cm2 conditions the drainage current denhities 
are -0. 5 :1A/cm? for  the thin material and 0. 009 riA/cm2 for the thicker material. 
A t  6 keV, 10 d / c m 2  cbnditionrj, the respective drainage currc.nt densities a r e  
1. 5 nA/cm2 and 0.025 nA/cm2. The ratio of the dxainage curA ent densities at  
4 keV ig 55 and at  6 keV is 80, which in both inetanced is very much larger  than 
the thickness ratio of 6.  

appears to be the result bf field dependent bulk resistivity. 
noted in these &&inage experiment8 that bulk rdsidtivity is clearly nbncon'stant 
for  ele&ti.ic Btress values abWe come critical upper bound. The field point at  
which conductiotl increases rapidly is cbnsidered to be near 10 V/cm. For  the 
thinner film this cotiditibn is attained for -125 Volts from one face of the film to 
the other. 
attained. For  E 7 l G 5  V/cm, the bulk resistivity appear6 tb decline as  
exp {-K$}, pblgibly a s  the result of roble-Frenkel effect. Irrespective of the 
exact eaul'e of the extra conduetiun, however, it should be exriphasized that the 
thinner film h&$ a much larger  electrie $tress a s  a result of e-beam depositibn 
than for the thicker film, and, hence, w i l l  conduct substantially larger  drainage 
current$. 

A Second majbr difference between the behavior ol the two sample thicknesses 
i d  in the permanent material alteration obeerved for the thin-ler film as a rebult of 
the e-beam expbsure, while the thicker Kapton sample returtls to the same drain- 
age level when the e-beam depositibn condttions a re  returned to earl ier  voltagc 
end €lux levels (thb order of expa@ure for the thicker film was 4 keV, 10 nA /cm2: 
6 keV, 10 d / c m 2 ;  8 keV, 10 nA/cxri2; 16 keV. 10 d / c m 2 ;  lOkeVf20 ne/rm2; 
8 keV, 2 6  nA /cm2; 6 keV, 20 d / c t n 2 ;  aiad 6 keV, l 0 d / c m 2 ) .  The tlcloBure" 
expertment a t  fi ke" 
thicker sampfe, wH:.t! the thinner sdmple exhtbtted almost dne order of magnitude 

Figtire 12 
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change f rom tts two 2 keV, Id nAlcm2 exposwee, Bnd a factbr oLap-khately 
2 st the 4 UeV, Id d / c i n 2  conditibns (Bee Figure 11). 

Frdm the result6 given lir Fieuree 11 ahd 12 it ie appai.ent that the thinner 
material had much higher dkainage currehts than the thfcker material, and that 
permanent alteration has taken place irl the thinher materiU. Theee reeultg a r t  
encbukaghg from the stehdpoiht of b e  u8e df the d.  Od3 in. Kaptbn. A remaining 
questida iLI the possible occurrence of dielecttic-td-mettg area in the thieker 
material. To monitor the possible 6ccurkence of such breakddwns in the film, the 
drainage curtents were continuouely dieklayed on Chart redorder$. There JvaB no 
evidenet of material breakdown iri the recorded drainage current traces. Follow - . 
ing the e-beam teets, the sample wag removed fkotn the test chhnber and visually 
examined €or pinhole breakthroughs. There was do visible evidenee that any Buck 
breakthroughs had occurred. hbeasurements of & and P were not carried dut and 
should be included in fittire e-beam depdsitibd tests. From the present evidence 
it would appear that permanent alteration in the material did ncrt oceur, either in 
observed dr&inage currents of: in visible punch- throughs. 

The response of the rew face VDA film/NbMkX/grbund strap configuration 
to suige current& has been ekamined and found to be lguperior to that of ear l ier  
VDA /grotin$ Btrap8. More burets arc! albwed before ground strap resistance 
begihB its ehwp rise, and, even after the removal of the VDA, conduction ocwrg  
(presumably through the NOMEXI w ithbut surface breakdowns. 

to an EST beam ranging frbm 2 to 6 keV anti with huxee of l b  nA /cm2 and 20 nA / 
cm2. brainkge durrenta were large and inereaaed with cbntitlded exposure to the 
electron deposition, indicatldg a material change. There w 86 no evidence, h b i -  
ever, 6f dielectric to rhetal are$. There wete db measurements of su r fwe  ab8oqh- 
tlvfty or  &missivitp, 80 there 18 no w&y of dt:terr%rining: at preaent if these qukntitlee 
alter.ed a8 re8ult.af the elertrcsh depasitim. These rtieasurements should be 
carried aut. The forward f a w  f(aptbn layer bf a 0.003 in. ORCbN material was 
also expoeed to an EST beam. For this material the beam energy ranged from 
4 to 16 KeV. "he dbsemted dfalnhge currents were greatlp I'educed eompared to 
the thinner Rapttin film. There W a $  no evidenee of germanent ftlrh altercltlbn in 
the bulk cbnduetton a& a result of the e-beatii depoettidn, and examlnlrtion of the 
drainage current t rhcel  dhd visual elalnlnatltm of the darisple felled to reveal aiiy 
evidence of dielectric to metal BCCS. 

The forward face Kapton layer of the 0.0665 in. ORCOI4 material wag expbsed 
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‘ h e  behavior bf thfb m8terJal wB6 generally superior tn that of previous film/ 
bi3nditig/gfbuntl s t rap &onfigUratibns in the surge current tedts. lh the elertfbn 
drainage fnea8uPement8 of bulk CbhduCtibn, the 0.003 tn. Hapton sarrlple d B B  
conBiderlbly superibt. in performance to that of the 0.0005 in. thkkheBi3 sartlple. 
Frbm the results bf the& measuremerits the uBe of the NOMEX grid bkkirlg is 
indicated a6 desirable and the tEickneBs of Kapton Bhduld be ;he 0 .003  in. case 
rather than the 6. 0005 in. material. 
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