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Abstract 

An oveiview bf the deai&, developrhent, fabricatian, and teeting of t rampar-  
erlt conductive coatings and cbndilctive lattlceb deposited o r  farmed on high resibl- 
tivity spacecraft dielectric materials to obtain cantrbl static ChaPge buiiciup on 
spacecraft external siurfaceg is predented. 

Fabrication technique& f6r the devireitlon of Lndiumltili bxide cbatingk and. 
copper grid networks on Kapton and FEP Teflon filme and spedhl  frit  coath&s €or 
OSR and solar tell &over glasdee a r e  discusBed. The teehnlques incllide $puttering. 
photoetchi , silkscreening, and rlleehitnieal prdce88eB. 

altitudes it3 described a16ng with test pracedureb. The relulte of material charae- 
tepizationa a s  well a s  electron i rradkt ibn aging.effect6 in this fadility for sipace- 
craft  polymers treated to  control static! charge are preilented. The data presrente 
results fbg eleetrijn beam edergieE3 up to 30 kV and electron curr'ent densitlea bf 
30.d Icm . Parametere ii.e%sureR include decondary emission, durtace leakage, 
and thrbugh the sample cL* ?rent@ '18 a funttlon a€ primer3 beam edergy and voltage. 

A faci ?? fty designed and built to Bln'rdlate the electrad pla&ha at ifebdynehrbhbul 

e . .  
ThIs work was rruppbi.tt9d b$ Qe dir For_ce MaterlalO Labdtatory wider Contracts 
F336 15-76-C-Sd75 and F336 18-76-bS258. 
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The prifnary means for maintainilig reasonable opefating telnperatures within 
a spacecraft is by diScretely adjuSting the ambtrnt df' ener$p absbrbed fr&m the sm 
and the amdunt that is radiated at the infrared Wavelength cbrresptndine to the local 
sdrEate terrlperature. Thia technique 11 kri6wn as passive temperature colitrbl arid 
is highly dependent on the reflective add-emissive prdperties of the materials loca- 
ted on the external surfaces. Surface terilperaturel and subdequently the overi l l  
Spacecraft equilibrium temperatdre can be adjusted using active o r  semiactive 
techniques such as louvers that a r e  opened and closed to effectively change t h e  re- 
flective and emissive properties in the louver. area. Heat pipe9 have been u$ed to 
move internally generated heat to the 3lirface where it can he radiated efficiently 
to  9pAce. 

To achieve passive thermal cohtrol, dielectric insulating materialg ri.lu§t 
necessarily be used, becauCJe only thebe materials have the Cambination af inherent 
high 96lar reflectance and high emittance required far acceptable thermal balance. 
ThilS class of materials includes back surface aluminum and silver coated F E P  
Teflan films, high purity eilica glass thermal codtrol mhterialg. and Kaptori and 
Mylar film9 used in muhilayer ineulatibn blankets. 

In geosynchronous orbit these dielectric materials a r e  direetly exposed td 
bombardment by the inaigenebuB electrbri plasma. A$ electrital  iiiSulatbrk they 
suppbrt charge buildup until dielectric breakthrbugh o r  ar&irig to a r ea l  o r  cbmpo- 
nentl bf Ibwar potential etcur61. The result$ of these ineidefits include degradation 
of material, thermb-bptical, and me&hanic&l prbpertie9 and disruptibn of compo- 
nents operating at radio frCquenbie6 by the electromagnetic noise gederated by an 
art. 

The purpose of this study i B  to develbp material$ ahd techniques to control sta- 
tic charge buildup on conveniional spacecraft cbatings and materials fbr ude during 
geblynchronotlb brbit satellite miasions. This Study represerits the prbgreBd made 
during the first six rhohths of a planned 24-mblrth prbgraM. The results a r e  pre- 
liminary. but significant progresd has been made tu  indicate that transparent con- 
duttina; oxide overlgy caatinge and caaducting grid$ o r  screens placed ovef dielec- 
tric gurfaces offer pbtential Bbltitions tb the problem. 

?'he zriaterhl$ Investigated thus faF ifi the Btudy include: 
(1) Aluminized FEP Teflbii films uged extensively ad a high emittance. 

solar reflectink cS&,Cbrid supfate m h b r  thermal contrbl cbating, 
(2) Back durfiace alumhided Kaptbd film ubed as  a top layer f6r 

mdltllaye t idwlatibn blankets, 
(3) Optical Solar Refiecting (OS#) tile6 which perfdrm sitnilar to the 

FEP film mating described above, but consisting of an 8 mil  thick slice 
of 794U Silica glass with a back surface cdatlrig ot silver, then Inconel, 
to produce a second surfacQ mirror ,  afld 
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Ih a materials deeelopnient prdgrarh fundamerital material parameters a r e  bf 
major importance, berause ab materials are dettel6pCd arid- obsertted in il Pimukited 
&pace envlranment it i& nece68ary to identify tho& charscteristics fegpbnsible fbr  
the ob&ervdd behavior. With this in mind a tikeility qa$ developed which ctruld both 
observe behavior. in B 8imulated envitonment and theh pepform the fundamental 
measuremcnts aSSbciated With Lurface phenomena. If we can identify the laCatian 
and motion of ali charged particlea Within a closed syatcm we will be Well 6n the 
why to identifying and definihg the proeeases taking place Oh and within the material 
being studied. 

and gpatial distributfoh bf the flood gun beam sb all charge& a r r i v i a  a t  the surfwe 
under tegrt a r e  khowil. It i& required to have a secondary charged-pkrticle eo11 Pctar 
to  iderltify and qhantiae all chafges leaving the surface anchiearis of fnehluririg the 
Currehe diffusing though the BuPhce to the substrate upon which the siirhple had 
beerl ~ o u n t e d .  Lastly, a Capability i s  rieeded ta measure that kliarg2 Hihich is re- 
Piding bn the BurfaCe itself. 

the cloeed system that an exposed surface in deep space woQld see. Here pumping 
speed ts wore impmtant than ultimate pfedGure a s  a material under partikle bom- 
berdmerlt will evbltre gas  resulting in a high pressure very Clo$e tb the surface. 
lbcalized pressure$ ar6und Torr or higher, d i s&haqe  phenomena not comrhon 
to  a deep space environment Will occuf sintl could result in imprbper concluhioti9 
during e%perimental work. These prciblemS a re  alleviated bnly through a SyBtem 
with veiy high pumping speed in presstire regions greater  than Torr. Vacian 
and vacian triode pumps canrillt pump efficiently at pressures greater than l r 4  Torp 
to 10-l 'fcirP. Augmented diffudori pumps on the bther hand have their peak pumping 
speed between 
llsec diffulioh pump, it6 spe J Cad be inkreabed up to 2500 l/$ec In the eriticirl 
tegion between l f 4  and lo-& Tort.. 

In meeting this objective it is neceS8ary to know the flux, energy distribution, 

Another impbrtant consideration i l  ih simulatilig the high pumping speed Within 

A t  

and 16'2 Torr. By plhcihg 8 bobater in the foreline of a 506- 

2.2 &ectWatic Diecharge (EdD) Teat Facility 

Using the crtterh established hi the preVlatis edctioii a system wad designed and 
built at Gg. The system is ehbivn schematicaiiy in Figure I and in the photdgtaphs 
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of c+' 'we 8. The chnmber iI larao enbuflh t6 pravlde tldequntc! pumping volume and 
motr t6 wotk lnlide throiqh lorad a&&eas p b i b  whbn placing and adjustlag samplen 
fdr evaluation. 

I 

* 

SEGblJDARY ELECTRON M F I Z r : Z G R  &AhllVlNC NOd.CONTAC1 PROBE 

COLLECTOR 

SPEClM&N TABLE 

PROBE MOVLS IN 

REVOLUTlbN 06 
VECIhnEN TABLE 

IMM FOR EACH 

VIEW Or TABLE 

Figure 1. Functional Diagram of ESD Test  Facility 

TIAL 

A t  the heart of the facility is the eleCtron flobd Cfun which is used to simulate the 
space envirodmerlt with respet t  tb  charged particle bombardment. It should be noted 
that this facility dbes not make provisions fo r  idn and proton botnbardment: however, 
Knottl and others have showh that these do not sighihtantly affect gpacecraft charg- 
ing, dime they have a l o w r  prdbability of striking the spacecraft. 
flaod gun was designed to  simulate the electron environment measured at ATS-5 a s  
modified by more recent data from ATS-6. The design of the guh includes an eiec- 
trrrdtatic, three-element lens to assure uniform beam expansion in the restricted 
space ok the chamber, control grids Which can be modulated to simulate the measured 
electron energy distribhtion, and a wid@ rahgk ok adjustment in flux density. 

The specimen diagriostic hssembly I s  mechahlcaily the most complicated sub- 
assembly birt it has great versatiilty for the measurement of fundamental properties. 

The electron 
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It eonflibtfl of an elijstPLcally isolated ratatiflg table far holdtng @actnenR up to ii 
9-in. diameter. By meaeultne t h e  auriorlt f!oWln# threuah tka tabla the dtffusion 
current throuffk the specimen fray be monitored. A nan-eshtaet flurface potential 
probe i s  mounted on EI movable 8Cm which is conhected threuah R nsar box tt, the 
rotntina table. The goer ratid is such that for every rotation of tho tnhlc the prohe 
a rm i~ sdvnnced in millimeter stepo aliowing the p ~ ~ b e  to t r a c k  the surface of the 
sample much like ti tone arm tracks a record on a phonograph. This motion Is  
driven by B dc reversible &lt+ctri& motor which is d B 0  coupled to a resistance com- 
mutator for driving ode axis of ah X-Y recorder. A Monroe model 144 probe is 
used that has high resolution and is Pelatively independent of probe-to-surface dis- 
tance. The &lectronics incorporates a phase-lock loop amplifier for the reduction 
of spuriouslpick-up, and noise. D u r i q  the bombardment phase of the tests this 
probe can be swung completely out .of the way so no part of it wi l l  shadow the  sample 
during rharging. 

A seoondary electron colleetor ring is also part of the assembly which is swung 
in place around the sample during the charging phase and it is used to monitor charged 
particles leaving the surface of the sample. By pulsing the flood gun beam it can 
also measure the secondary emission ratio of the specimen uhder test. With slight 
modification this electrode may also be used to fnonitok surface erasion products 
during charging similar to the expeciniedts p&rfof"ed by Nanewicz2 of Stanford Re- 
search Institute. 

3.1 Tranepat&tt Oxides 

The most commonly used transparent conductive coatings a r e  combinations of 
indium and tin oxides (ITO) o r  indium oride, doped with flubrixle or antimony. These 
coatings Were first develaped for heating canopies of aircraf+, transparent back 
conductors for liqtiid crystal displays. 

The techniques for d&positing thest! materials onto varied geometries has 
mushroomed over the past four years, varying from vacuum vapor deposition, 
chemical vapor deposition, dc sputtering, a.€? diode sputtering, and magnetron sput - 
tering techniques. 

The one primary objective in depositing transparent conductors of metallic 
oxides is to closely control the doping cations or oxygen vacancies. Over oxida:ion 
rauses the film tb be highly electrically resistive. Ilnder oxidation rauses the film 
to be highly metallic or  brawn; the proper balance bf oxygen pressure during evapor- 
,ition results in a coating that is transparent and ronductive. 

I 
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The electrical cbnducdivity of dputtered IT0 fllins decrease a8 the pattial pres-  
sure irf oxy&&d rWes beyant! 1 X 
taken frbm nieasurementg using Et?? dibde eputterod f i l m  of IT0 on miermheet sub- 
strates. Recent results using magnetran &puttering where the glass surface is cMl 
during depbsitibd have hl&o supported the IT0 coatmn&e dependence on partial pres- 
atwe of bxygen. 

as c8n be deenln Pigbte 3, THLB data w d ~  

r‘ 
E 
L 

10-7 1 I I I 1 
IO’ l$ Id 1 4  10’ 

~ U L K  RE$i!$TIVITY. ji OMM ttr 

Figure 3. Resistivity of Sputtered Indium 
O*ide/Tin Oxide Films 

IT0 and indium films were prepwed trn Kaptbn alld FEP by conventionlll vapop 
depdsition from a crucible sburee, dc coaxial sputtePing and inagrietron sputtering. 
A l l  techliiquee have beeh sucisemful for ESD applicationi, and Tdbh  1 ehowd the base 
variationa in Budkce Piesi8tiu;itiee bbt Aided frbm three different technipuiee. 

Baaed bn meesur6ments tb date, 250 A bf 19’0 have meilsurable but no cattie- 
trbphlc effect on 6L /e characteristic& of film&. Tablee 2 and 3 give electridal add 
aptieal data fop IT0 films depaBited by eputterink techniques on FEP and Repton thin 
film eabstrates, 

Other condudiv6 fiarfationll of eemicmduktor cbating8 are curreritly being cod- 
srittered euch as cadfirlutfi Bta-te and lliso varlatlons of aluminum oxide and oxides 
of chmme. 
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Coaxial Magnetron In203 Filameht 

Kapton 100 K 7 . 8 K  5 x lo7 

MlCroSheet Cdvergla&B 90 K . 7.9 K 5 x lo'( 
200 K 7.9 K 5 x FEP 

1 

IT0 
Thickness, 4 

T 

(Vidible) 
Reisigtivity kR/O Transmissibn 

- . '  

. I  

. .  
: ,  . .  

T 

Table 2. Electrical and Oa ica l  characterist ics 90Y0 In203/ 10% 
UT01 Coated FEP 

FEP 
Thickness 

0.002 
0.002 

0.005 
0.002 
0.002 
oi 002 
0.005 
0.005 
0.005 

0.002 

7- 

Resistance 
k n l 0  

76 - 318 
115 - 352 
183 - 450 

5.16 - 21.3 
9.2 - 35.3 

27 - 48.1 
a. 1 - 52.3 

46 - 86 .. _... 

I T 0  
Thicknem. A 

~ 

250f  50 
250& 40 
%Of 50 
500* 50 
500 k.50 
500* 50 
5 0 0 f  50  
!3bcl* 50  
Uncoated 
Unebated 

(Visible) 
Transmission 

0.91 
0.90 
0.87 
0.80 
0. 81 
0. 81 
0. 80 
0.77 
0. 94 
a. 95 - 

Table 3, Eleetrical and Optical Characteristics 
90% '%a3/ 10% Snai (IT01 Coated Kaptbn (2  mil) 

900 
900 
5 80 
500 
250 
250 

Uncbated 

6.45 - 0.75 
0.45 - 0.75 

3 - 7  
3 - 7  

8 6-  150 
BO - 150 

i d 0  

58.6 
53.1 
59.4 
58.7 
59.9 
59.9 
ita. n 

.... - .... 

. .  
I 
, .. 
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3.1.1 --PRELIMINARY SCAIWIiVG ELE&X"I'ON MICE(0SGoPE (SEhl) ' 
ANALYSIS OF KAPTON AND fTO COATED U P T O N  

SdrtBbe characteristics 6f Kaptoli and IT0 coated Kaptm Were absetlied with 
an  electron micrb&cbpe at 10, OOOX (see Filfures 4, 5, and 6). Figure 4 revealR a 
uniform Kapton surface with no evidence of imperfection$. F igwe 6 reveal& a Bur- 
face that udderwent devere hexidg (160' bend) with subsequent micm+lcturing of 
the film. This defect did ,?ot affect the conddctivity af the film under electron beam 
bombardment as will be described later. 

Figure 4. Uncoated Kaptm Surface (at 16, bObX) 

i 
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Figure 5. Kapton Coated with 500 A.Q€ IT0 
(at 10,000~) 

Figure 6. Mi.cracracks in 500 I IT0 Coating. on. 
Kapton A€ter Severe Flexing (180" Bend). (at 
10. OOOX) 
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3.2 (hhddclke Crida 

and Mylar. A sufllm&rJI of the wtwk-fOlhwB. 
Cohdfictlve Uttlces were prepared by vnPlbuI techniques on Kaptbn, Teflon, 

3.2.1 P H ~ Y ~ ~ G T C ~ ~ I N C  

CeneCal Electric's statldard mkroclrcuit  photbetehing techniques were used 
to fbrm grid patterhs oh Copper eoated Kaptoh substrates. In our f irs t  tt-ial n 

1/2-in, patterh was euccessfully obtained having a line pattern 0. a15 in. wide and 
1060 1 thick. The techniques allow processing of line p n t t e k s  a s  thin a9 0.601 in. 
and thiCKileti$es. ih the 100 to 200 1 range. The copper lattice I T ~ I  Kaptbn film shown 
in Figure 7 was prepared by the fallowing process: 

A r t  work is generated to produce the deaired gridpattern,  
The art wbrk is photci-reduced €6 the desired dimensions 
and a negative is produced, 
An appropriate thickness of copper is vapor deposited 6 n  
the dielectric film, 
Photo-resist is deposited on the cspper coating, 
The negative is placed over the phbt6-resist and is illuminated 
with ultra-\tiolet radiation, 
The UV exposed pattern i s  placed in a developing sblution and 
then baked a t  120°1.'. 
The develbped pattern is ringed in aqrieous solotiotr to remove 
the developed photo-resist leaving the desired patterrr w h i t h  is then: 
(a) flushed with alcohol Bnd dried. 
(b) etched in  chromic acid, 
(c) rinsed with water,- and 
(d) rihsed with M I X  or trichloroethylene. 

3. 2. 2 I 'YRA1,US 1.'011. 

Grids on Kaptbn Cilms of thicknesses greater  than 6. 603 in. up to 0.01s in. can 
be photbetched from UuPont's Pyralux, thin foil copper clod Ibpton. This material 
i b  formed using a process whereby the surface of the Kaptoti undergoes an activation 
proces6 Whikh permits lamihating the liapton surface with copper and results ih a 
well adhering laminate. Thede clads ape reported to hc used where f ine  lihes and 
spakings are required. Etched edges are sfiat-,)Pr thah those resulting fpom thin 
film etching, thus minidilzifig field emission problcms restilting from fe:lttl@red 
edges, iifider etccttiod bomhdfdhient. 
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wa 6- n l i thium borosilicate rhodifted With ozirieb of lanthanum,- tantalilhl, zinc, and 
cerium. 'rhc other two were cbn"rci8lly available aqueaus pdtassium Stlkatez3. 
'rhc contings were applied to Pyrex &is$ cbupbkil about 0.75 in. X 6.76 in. X 

0.010 incli. Transmittartee data were bbtaihed bli all of the Bpe&irIienS. SUrftice 

reqietivity data were nbtainbd €Or all Bpecimeris except the lithium bbrosilicate 
coating. 

several yenrs ago under AFML ContraCt F3316-71-C-1656. 
nated GI*:-5973-8; the l a t tw  is GE-ITL,.. Bbth Were selected for the current prb- 
gram berause of their very good transmission and resistance to  beta irradiation. 
Verv fine particles (* l b  pl of each glass were duspelided in isopropyl alcohol add 
the s l u r r y  was gently poured onto a coupon bf the Pyrelt glass dedcribed previously. 

After sufficient time for a sedimentetl layer to form, the excess slurry i s  Si- 
phoned off. the coated Pyrex coupon-is dried and then fired at 550OC f i x  tinles which 
vary with the composition. tJsually, zi t ime between 5 add 10 min iS sufficient to 
bond the glass particles to each other and to the pyrelt coupon. Subsequelit examina- 
tion revealed no stpessed od the coated Pyrex cbmpared tb an udeoated Pyrex 
coupon. 

tradeirinrk registered products of the Philadelphi2 Quartz Comparty. The %. 1 
material has  n K,O/SiO, ratio bf 1:2.5; the No. 6 material has a KZO/SiOZ ratio 
of 1:2. 1 .  Both silicates a r e  commercially available a s  liquids Which can be applied 
a s  thin coatings by spraying, bfiishing or dipping. 

Kasil No.  1 and Kasil No. 6 ,  a s  received from the manhfacturer, were applied 
to  t h e  Pvrcx roupor,~. In addition, Kasil No. 1 was modified with 0.5 percent CeOZ 

and applied to J'yrex coupons,-Jn all cases, the silicate coatings were dried at  
100"(' for two hours.  

The transmittance of uncoated Pyrex and each of the  uncbated spCcimens i s  
shown in V'igi1r.e 8. F'xamihation of this data reveals that in the wavelength rekion 
of 0. '3 to about 1. i p there is very little difference in transmission between the 
uncoated l'yrer and the silicate-coated Pyrex specimens. Id the same range bf 
wac elwig:hs. the aluminogermalioborate coated Pyrex specimens exhibit slightly 
less trinsmiusion than the colitrol specimen. The lithium borosilicate coated 
Pyrex transmission i s  identical to that of the uncoated control sample throughout 
t h e  tiieasurcment spectrum, except far a slight absorption (due probably to the 011 
rnrlic-nl) :it :ilmut 3.6 p.  The difference in transmissioh for the twa 5973-8 coated 
srr*c.irripiis is due to t h e  difference in thickness of the coatlngs. One (Nd. 2 speci- 
n-i'u) is 0.4 mil thick: the other (So. 3 specimen) is 6 .6  mil thivk which represeht 
n i n  pvt rwit increase in coating thickness. 
' I 'ahl~ 4 indiwtes that t h i s  property is significantly reduced by all of the coatings 
with tlir ;Iqiieaus silicate coatings havlhg the greatest effect. 

: F ; i q i l  l 4  a frarleniark of Philadelphia Quartz CO. 

'I he aIuminogernianoboPate and lithium borosiliCate glasses were develeped 
The former Was desig- 

. Kasi l  No. 1 and *Kasil No..&, the aqueous potassium silicates, a r e  proprietary, 

Y 

Electrical resistivity data shown in 
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Coating Thickness 

(Mi191 

&ne 
0.4 
0.6 
0.7 
1.0 
2. I; 
0.5 

.. , 

' . 

Electrical Resistivity 
ca/o 1 

6 .0  x io8 
1 o9 

4.0 x lo8 
3.2 x lo6 
8.0 x 1 8  

5.0 x lo8 - 
6.0 X lb6 

i- 

1 
0.24 

1 T I 

WAkLWWH - MICRONS 

Figure 8. Transmittance of Coated and Uncoated 10-mil Pyrex Coupons 

Table 4. Electrical RWstiviw af Frit Coated Glassed I'" 
4 
5 

7 

Coat ins 
~- ~ 

Nane 
5973-8 Glass 
$993-8 G h S e  
K i d 1  No. 1 
KMil No. 1 Ce02 
Kas i l  do. 6 
ITL Glass 

4. BASELINE DATA: RESULTS OF SCREENING TESTS 

The initial phage of *hi8 program was cbncerned with establishinp the per- 
fbrmance level bf sbtne typical spacecrak materiale. The dimulated space teets 
Were conducted in the fadliw described prwrioilaly. These teste established the 
meet bf diecharging faf the fbur materials listed in Table 5 at a Currelit deasity of 

2 30 nA/cm . The point af discharge t a s  determined visually in a darkened rbbm. 
*he qualitative data Collected i B  typified in the phbtograph of' Figure 9, Which shbwa 
clreftig! albng tli8 edge$ of the 1 X 1 in. tiles in the &R inlidsic. 
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Onset of I)ischergihg, k\’ 
I 

1 T li 
i 

Table 5 .  Summary of Static Chnrging Screening Tests at 30 tu4 /cm 2 

I 20 I I I’EP Tenon, 5 niil - back surface silvered 
1 Optical Solar Reflectirig (OSft) coatirig mosaic 12 i 

Solar Array Composite, 021 1 microiheet over 
- 2 x 2 ctn cells 

Figure % Arcidgori anOSR Mosaie Under 15 k V -  36 nAlcm2 Electron nomhardment 

5. STAIIC CHAHCE I’ESIINC; 

5.1 hltodt l t~bl~  - 
Polymer materials were subjected. to electron beam bombardnlent In the  hri l i ty 

Torr.  a r e  given i n  Table 5 .  
described prPviously. 
performed in a vacuum of less than Parameters 
n6rmally measured during electron bonibardn.ent include: Prinlarv bean) rutrent  
(Ip) ,  surface leakage current (1 1, and backplate leakage (thrnugh t h e  sanlple) 
current ( IL) .  The primary bean: current a s  measured is the sun: of t h e  c-,ther 
currents, that is, 

Results o f  the simillated c’nvirnnmental testing, which is 

R 
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Babk Surface Coat - - 
None 

I__---. 

None 

27 : 0.002" None 
Kapton 

____ 
28 0.002" FEP None 

Teflon 

-- --______ 
0.005" FEP 1OOOA' Yapor Oe- 

Teflon posited Aluminun 

-~ 
31 j 0.003:' None 1 Kapton 

None 

Table 6. Summary of Static Charging Tests 

____ 
25uA" of 10 mole : 
SnOZ i n  In203. 

250A" o f  10 mole % 
Sn02 i n  ln203. 

Photoe tched copper 
g r i d  w i th  1/2 in .  
p i tch.  Copper f i l a -  
ments 0.015 in .  wide 
x 3000A" th ick.  

Observations ____________ 
Very large discharging occurr ing a t  
25 KV. 30 n A / c d  followed by quies- 
cence las t ing  f i v e  minutes during 
which electro-luminescence prevai led 

No discharqes observed o r  recorded. 
Electro-luminescence observed througt 
25 KV. 3OIA/cmZ. 

__ 

No discharges observed o r  recorded. 
Electro-luminescence observed thmugh 
25 KV, 30 nk/cm2. 

A t  15 KV.  30 nA/cm2 c lusters o f  elec- 
t r i c a l  discharges occurre& a t  a ra te  
of 20 second w i th in  a 1 - i n .  diam- 
eter  near center of sample. Other 
discharges occurred over e n t i r e  6 in. 
diameter surface randanly. Discharge 
amplitude to  200 nA. 

---cI- - 
Same as Sample 28 Same performance as noted f o r  Sample 

No. 28 except microscopic examination 
revealed sone copper g r i d  filaments 
t o  be broken. 

Photoetched copper No discharges observed v i sua l l y  o r  by 
g r i d  w i t h  1/2 in .  scope monitoring through (25 KV. 
pi tch. Copper f i l a -  30 nA/cm2. S c "  electro-luminescense 
w i t s  0.015 in .  wide observed. 
x 0.003 in .  thick 
copper appl ied t o  
Kapton wi th  W o n t  
Pyral ux. 

Si l ve r  F r i t  s i l k  
screened !- Conductor 1/2" .015" p i tch.  wide by scope monitoring (25 KV. 30 n u a d  

F r i t  material i s  

11095. 

----I--- __-- 

Na dischaFged observed v i sua l l y  o r  

Conclusions 

Unsatisfactory f o r  s t a t i c  charge 
control.  

-- 
Suitable f o r  s t a t i c  charge con ral 
t o  a t  l eas t  25 KV and 30 nWcm I . 

Suitable fo r  s t a t i c  charge con rol 
t o  a t  least  25 KV and 30 n A d .  

Unsatisfdctory perfomance. Prob- 
ably .due to poor bond between 
copper and FE?. 

Unsatisfactory perfomance. More 
int imate contact i s  needed between 
copper g r i d  and FEP. 

~ 

Suitable f o r  ESD contro l  t o  a t  least  
25 KV and 30 nA/cm2. 

Suitable f o r  ESD contro) subject t o  
mechanical and i r r a d i a t i o n  test ing. 
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5.2 Mylar 

As s h a m  in Figwe 18 for 3 mil thick Mylar there i B  ho iririication &f any charg- 
ing beibw 2 kV. Abbve 8 KV the drbp in  $ / I p  indieate8 that the secondkt-y emission 
c6efPfefent i l  les- thah one taubfhg 8 rlet butldul) in negative charge. With the in- 
Crease ir! surface charge the ELuI'face leakage clirrent ratid I R / I p  increases. For 
beam acceleration6 above I2 kV Charge penetratibn is sufficierit in combination with 
the space charge fields of trapped charges in  the dielectric to  cause cbnductivity. 
This canductivity is referred to 8B elebtron lldnlbkrdfnettt induced conduetivity. Dis - 
charging arid electroluminescence results from thiB tendency of the dielectric to 
hold P space.charge. Thtsughout the 2 to 25 kV ratige the dbminant electron losa 
from Mylar iS by secondary electron emission. 

Figures 11 through 14 are photo micrograph8 of a Mylar durface afteI' 25 min 
of electron bombttrdment at 30 kV, 30 nA/cni 2 . Damage iS manifested a s  tracking 
and treeing. Table 7 du"ari2es the data for Figures 11 to 14. 

X 

a P 

- I t  

Ip - PRIMARY BEAM CURRENT 

IR - SURFACE -EAKAGE CURRENT 

Is - UNCOMPENSATED s(rCCNDARY 

IL - BACKPLATE CURRENT 

ELECTRON COLLECTOR ( S C ,  CURREN7 

MYLAR 3MI lS  
S A V P L E  I 4 0  2 4  

1. 
I 1  1 ! 1 1 1  

130 Io00 I0 000 lor8 ,lL'l) 

ACCELERATION POTENTIAL VOLTS 

Figure 10. charging Characteristics af Mylar Film ( 3  mila) at 30 nA/cm2 
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Table 7 ,  Dtltcr Summary for FigurcR 11 Through 14 

Material 
Thickness 
Expoaure 

Voltage 
Current 
Magnification 
Inclusion6 
Microscope 

Illumination 
Aluminum back 

(not bonded) 
Side Viewed 

Sample 
No. 1 

Mylar 
0.004 in. 
Room 
Illuminati8t! --- 

--- 
200x 
-0.0001 in. 
Dark Field 

None 

-e- - 

--- 4 Electron Electron 
I Bombarded Bombarded 

I- 

M y  la!- 
0.009 in. 
Eleetren 
Ream 
90 kcV 
30 nA/rm2 - 40dX 

Pfesent 
Plain 
Polarized 
Yes 

Electron 
Bombardec 

No visual evidence of electric discharges could be seen (at 50X magnification) 
on the Mylar. However, at higher magnification brick pattern-treeing is evident. 
as illudtrated by the photographs. 

the surface energy of the Mylar by breaking bonds at and Witiin a few microns of 
the sllrface. With respect to  the trcreing pattern, internal 01 frozen-in s t resses  may 
result from molecular orientatibn or from thermal stresses attributable to rapid 
cooling of the polymer. The intensity of the crazing increases with exposure time 
to  electrons. 

Apparently, large (micron s ize)  structures of 500 to  1000 A diameter spheres 
develop in the dielectric during the fabrication process, and lie in rows a!ong the stretch 
directian af the polymee fibers. They represent the distribution of highly organized 
BtrBin,  due to fabficltion stresses. The spheres, spatially ordered over a long 
pefiod, are composed of highly ordered molecular groups (aAd crystallites) which 
may move as rheological identities. The t ree  patterns which develop over the 
strain pattern are due to eurfece electric discharges at the patterns, Correlation 
of physical propePties (Far example, 70 elangation, tenacity, .tear, modulus) with 
structtlrsl size of brick plttern is apparently Indicated,. especially i n  the h ick size 
of 1 t o  I00 p . Strain distribution is an  important parameter with respect to  physical 
properties. 

tropic heat transfer during fabrication by anisotropic structwe-. introduced into 

Bfick pattern tfeeing, caused by electron beam irradia%n etching, increases 

Laminar structure may also a r i se  in stretched polymers due possible to aniso- 
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the polymer. The rekulsrlty dirrplayed by these structures InAirtYtes that the applied 
stress nab been ftiirly uniform. Ih essence then, the parallel stretch directiod 
lilies and brick structure (unlike a grid Btrueture, since the pefpendicdlar lines. 
originating fPom parallel linea, db not gederally dross adjacent 1.airhll61 lineB) 
are etched into one-why stretched polymer films. The numbet of lilles are depen- 
dent upon the polymer hibtory. In cbntraat, t h e  two-waystretched polymer film 
etchinge reveal lamellatecompositior, each layer having brick wall-like Btrlrcture. 
Micron size brick6 a r e  apparently compbsed of Bpheres or  gfoups bf molecule6 6f 

about 706 1, aligned to  a moderate extent. The e l ec t rk  discharge t rees  t raver le  
paths of least re8iStanclb alorig the varioue higher energy strain trajectories of the 
brick pattern and to  a lesser degree over the surface6 of the pdlymer. Sonle die 
lines also appear-on the Mylar film along which the electric digcharges traversed. 

sitivity to  the radiatiod cbmpanents of the natural space environment which fause 
Catastrophic degradation in i tg  physital propeptie$. The reeultg of thik investiga- 
tion show that it is nbt suitable for use i n  a high elektron flux envirenmen?, parti- 
cularly when exposed directly t o  electron bombardment. However, its use in multi- 
layer ineulation (hlLI/blhnk&tS) il acceptable where prote&ted by a cover layer of a 
protective maierial such as  Kapton or Teflon br any other material which will shield 
it from dirzct exposure. 

Mylar is not a comntottly used extern81.spacecraR materiat because of it6 setr- 

5.3 iri203/SnOq (ITO) Wiling 

currentlvoltnge characteriSt!cs 0.' polynieric films. For  bdth Kapton and Teflon 
dubstrated the Secondary emission coefficient is greater than 1 for accelerating 
poteritial's belaw 4 kV. The aluminized backing shows no effect on the characteris- 
tic curves. The similarity between the eurves for both Kapton and Teflbrl indicate 
the dominant affect of the semicbnductor film with little CffOct on the crbssbver point 
between I and Is for the two dielixtric6. The rise in durface leakage curreHt in- 
die&ttcs lbw eharge buildup on the surface of the dielectrics. 

Micrographs of IT0 1256 1 ) coated FEP  Teflon after Clectron beam irradiatibn 
are shown in Figure lob indicating "electron-etched!' cracking alid crazing. These 
craze-cracks (due tb large applied atlisotropid stress or teilsile force) run  along 
parallel dtrectien of stretch tines to which the matMia1 was subject (that is, lorigi- 
rudhal drawing or pulling and radial blowing), a s  is evidence by the niicrbgrgph of 
the unexp66dd spacecfaf't materia! (Figure 18a) and lese evident butsidr? the e lec t im 
beam irradiation area (Yigrire 18cl. The stretch lines correspond to the direction 
of m6lecUltlr orientation, preferehtialiy, sihce the  polymer undet the; coatihg has 
lkse stteiigth perpendicular to the alrection of orient$tion. Crystcillliation occulss 
tlltmg these oriented .dlecules. 

Figures 15. 16, and IS Jhow t h e  effects of the IT0 demiconductbr coating on the 
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Figure 15. C h a r & &  Characteristics for IT0 Coated Kapton Film at 50 nA/cm 

iP - PRIA~V BEAM CURR~NT 

is - I J N C O M ~ N S A T E ~  &conOulV 

IR - SURFACE LEAkAGE CURRENT 

ELEcTROHCOLLECT~CURRENT 

AWMINILED KAPTON C d T E D  
WITH IW,SNO#PO IN2 Oj 
SAMPLE NO : I  

_L -1 - L l - J  d I O  ooo 
J 1 - d  I C 4  ow 

100 IWO 

ACCELEPATIOII POTENTIAL v a t s  

Figure 16, Charging CharacteriMice for IT0 Caated Alumiriliced Rapton Film at 
3il nAlcm2 
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2 Figure 17. Charging CharacteriStics for IT0 Coated F E P  Filrh at 30 d / c m  

Within thebe imperfeMioha and voids intrapped gas is iohized by electron beam 
charging. Lbcal temperatures rise, chemical reactions irceur and §trees is created, 
as in the case of chemieal br v a w r  etching. 

lnteribity of crazing r i ses  with expa&ure time to the eleetron irradiktibn. Craz-  
ing of polymers apparently iSi felated to  domain structure of the polymef (that is. 
detinite homogehbus regibnd BurrbUntied by btherlil of like kind with boundaries be- 
tween them). More crpdze lines tbrm whenever the Btretching occurred withbut 
lateral restraint than if the stretchink oeeurred W i t h  lktteral restraint fbr the Same 
atretctiing ratia. 

tn easenee. crkck-crazifig in pol~W~ers  is assaciated with lakge micrbn size 
regul lr  stFirctute.9, whiCh in general =cur in anisotropically stretched (or Uhifbrm 
applied atreesed) films. This t3trUctut.e is inherent irr the f h i  during the fhbrica- 
ttbd tlierefttre 6~ dietribtition of atrain i B  prbduted by kbricatioh s tress .  
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Figure 18a. Transparent Semi-conductor of 250 1 
Tin and Indium Oxide (10 percent moie SnO: 
percent mole InpOQ) on 2-mil FEP-Teflon Before 
Electron Irradiation. Typical die :in- appear on 
the FEP-Teflon surface, under the transparent 
sen? i -conductor 

90 
Figure 1%. FEP/ITQ A f t e r  Electron Irradiatioa at 
the Central Region of t h e  Electron B-m. Electron 
etched craze l ines  appear on the FEP-Teflon sur€ace, 
together with fabri-ation die  linw. under the trans-  
parent semi -conductor (200X) 
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I3pure 18c. FEP/lTO After Electron Irradiation 
Year the Edge of the Sample Outside the Primary 
ntwn Projection Area 

l ' h r  I.ticron size strurfure of "spheres" (500 to !OOO A 1 denotes distribution of 

<train. clue to fabrication s tress .  
crlnipe anll thev h iow a* rheological Croups. 
froti mnlelwlnr orientation or  from thermal s t resses  due to rapid rooline of the 
polsnler. 
nf uniforrtl w;cIt!l ( for  example, to 7 p )  etched into the surface along the  stretch path, 
the 
woim-t~onal to the strfatch ratlo. whereas the line *irIth is proportional to the 
it11 rst ~ ( 3  of t h i s  stretch ratio, 

These "spherPs" a r e  highly ordered mrrlecular 
Thr internal s t r w s e s  nlav result 

In t h e  wise of sinqle way stretch i n  fairlv w e n l v  spaced lone parallel lines 

Iensitv o f  the lines (for example, number of lines per unit lenk*h) is apparentlv 
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5.4 C o p p  Grid6 

Figures 13 to 23 represent the eharaeteriBtic curves fw Teflbn and Kapton sub- 
strates of varibub thickneld with copper grids applied by a phdtoetching process. 
A l l  of these curves show the same general behavior betweeti 1 kV and 10 kV. AS in 
the Mylar substrate the lowvalue of I R / I p  iddicates a net charge buildup on the sur- 
face. Above 10 kV the perletratim deptR and charge buildup reaults in an increase 
in the electron bombardment eonductivity. An anomolbus behavior wag observed 
in  the 5-mi1 dample of Teflon. plaiil and aluminized, with the cbpper grid below 
1 kV when the secondhry current indicated B cutrerit ratio greater than 1 (Figure 26). 

with 5-mil material (Figure 23) dhows that the resistanee bf FEP iilcreases wi th  
increased thieknebis. The relatively rapid rise of backplate leakage (through the 
sample) current ... It. beyorid 10 kV and the assbciated surfacecurrents,  IR,  indi; 
cates the presence of microporbs in the %mil thick film, some of which reach the 
backplate, a s  indicated by hlalter avalanche emission9 from these sites, Thid ac-  
counts for point emission distribution over the electron irradiated surface a s  a con- 
sequence of the associated spreading potential. 

Comparison of the voltage-eurrent charaeteristics of 2-mil Teflori (Figure 19) 

c 
W 

O +  r -- 
U 

I,, - PRIMARV BEAM CURRENT 

lR CURFACE L U M G E  CURRENT 

- VNCOMPLS(5AlED SECONDARV ELECTRON 
COLLECTOR SEC CURRENT 

iL - BACK P U l E  LEAUAPII.E CURRENT 

FEPCIW c u m '  l v w  1 . 2  x 1,: 
PwXoCTCvCD COPFER GRld 
5Ah'PLE NO 28 

1 

Figllre 19, Charginc Charactertstics for 2-mil FEP With Photoetched Copper Grid 
at 30 nAlcm2 
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L P  

IL IP 

ldlP 

la  IP 

Ip - PRIMARY B U M  CURREhT 

1, - SURFACE LIhUGE CURRENT 
I, - UNCOMPENSATSD S~CONMRV ELECT-. 

COLLECT~R SECI CURRENT 

I L  - BACK W f E  LEAKAGE CURRENT 

FEP FILM 0 oD5" WITH 

COPPER GRID 
SCMPLC NO. Io 

bz" x 112" Pnurofitcktn 

U-L-J-LJ 1 1 1  - I I I L 11111 _ _ _ _ _ I -  1-1 I uiil 
1 o . m  100,ow ID00 1m 

ACCELEhATION POTENTIAL. VOLTS 

Figure 26. Charging Characteristics fbr 5-mil FEP With Phbtoetched Copper Grid 
at 30 &/me 

lS'lP 

'C 'P 

P 'R 'P 
3 0  I !  
w l  h' 
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i 

Ip - PRIMARY BEAM CURRENT 

lR - SURPACE L U M &  CURRENT 

Is - U u C ~ P E N M T E O  SECOHMIa ELECTI)QN 

IL - m C K  P U T €  CURRENT 

COLLECTORCURRENT 

KAPTCW O W J  *nu I , #  n I,P 
COPPER GRID PVROLUI 
S A M P L E N O  i t  
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Figure 22. Charging Chara&teriBtit& for Kapton FilPn (2-mil) With Photoetched 
Copper Grid at 30 nA/cmZ 
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Ip - PRlM.RY &AM CURRENT 

lR - SUkFACt LEAKAGE CURRENT 

Is - UNCOFPENblTED SEUHDARV ELECTRON 
COLLECTOR CSECI CUkRtNT 

IL - M C l  PLA I E  LEAkAGE CURREN> 

AWMINIZLDFEP FILM o.ms I WITU 
112' X I, I PnOTOETCnED CtPPER 
fMl0 
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y. 
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Pigurg 29. Charging Characteristics for Aluminized FEP Film (5-tntll Wtth Photo- 
etched Copper Grid at 30 nA/cm2 
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Asids frdh the foreghing Rlnlter avalhnchc cnlissian, discharde breakdown in 
micropore@ of occluded mi8 in the Teflon can reuult :n  cavity ioniDatibti and thermal 
breakdbun prior t o  intrinair. breakdown. This would account for some observed 
intermittent uparkihg ohscrvcrd. The r ~ ~ o d c r a t e  dccreasinR sdrfdce leakage current, 
I R ,  bef6nd their rcfipmtivc peaks for bath !he 2-  and 5-mil materials indicates that 
the rosidlial gas surf- 
of surface chargP to dielectric c-onstant) a s  a function of dielectric resistivity has 
mt been attained for‘ the thicker film within the applied primary electron beam 
energy of 16 to 2 26 kV:  wheread, it apparently did o m u r  for the 2-mil material 
begirlning about 15 kV. Efamining the 2-mil Tefloti at 1OX maanificatibn revealed 
that for the region displa.ving copious sparking:, midence of gaps in the copper grid 
occurred (Figure 24). Some filaments had.as many as s ix  very small  gaps (order 
of a tenth of a millimeter) in one filament Within the grid patch (that is, 12 in. 1. 
Same grid filaments had gaps on the order  of rniillimeters Wide. with rib evidence of 

discharge chrcshold for the reduced charge (that is, ratio 

- 
prior bbndiilg iri those gap&. 

Figure 24. F E P  Teflon 
(2-mil) Shor;ing Discantinu- 
ities (As a Result of Electran 
Bbmbardmerrt) in the Photo- 
2tcheJ Copper Grid Along 
Extrusion Lines in the 
Pol -1 e r 
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'L'lir. urisatinfsrtory pcrformmce of thts pakttcular capper gfidded Teflon is 
:it1 t*i l)utwl tn the  numcrbus and emall gaps i n  tab many ftftltnenta d the grid. 
f ~ t ~ r n i l v  of honding i s  suspect, since nti &idchct! of bonding occurs in the larger 
!qc: prill  iirillimpters) wid& gaps. Thc cbpper filaments themselvee have clean di3-  

Uni-  

tinct ellqes,. with no raggedness, and of uniform, constant width. 
itli*rcaning the surface energy of the Teflon, substantially improved bonding and 
nhSPtu'P of rilament gaps i s  anticipated. Therefore, capper grid bond l'eflbn war- 

By electrically 4 

milts iniprnved processing and re-test. 
l'trroughout t h e  rahge of primary electrorl beam vdltage, V (> 200 to 20 kV), P' 

the clnniinaht electron loss from 56mil PEP is by secondary electron emission as 
indicated by its Is. 

?'he surface leakage current, I R ,  is relatively d&mhant, with respect to the 
backpiate leakage current.. IL, frbm 856 V to 10 kv, whereas beyond this voltage 
( -  12.5 kV) the backplate leakage current, lL, -sElu!ties relative doniinance over the 
surface leakage curtent. 

The hackplate leakage current. I , is relatively mgligible, frbin abbut 200 V 
to about 10 k V  and €hen r i ses  abruptly approaohing 15 kV. Near 30 kV. metera 
inrlicatetl electric discharging to be occurring at relatively frequent intervals (that 
is. 1 per 20 see). . However, actual eleetric discharging dbuld not be 8een bn the 
sar:iplP in  spite of several small (that i8, 4: < I /  10 mm) and a few $ubst&nti!Nly iarger 
(that is, several nltrl) gaps in the copper grid filafnentil \khich were found during the 
post test niirrosropic examination. 

*R' 
2. 

5.5 Si~h  Srrrril (;rid OII (iaytuii 

A net charge buildup i s  observed bee Figure 25) for accelerating potentials 
above 1 kV for  I-mil Kapton with a silk screen silver grid. Above 4 kV the suf- 
fare leakage shsws a decrease along with a faster decline in the 6ecbtldtary electran 
cvvisPion. Above 10 k i f  ;he predbmihant charge movement is by BBC indicating 
sic.nifir.ant t1wietratinn into the dielectric substrate and large charge buildup on the 
sur Fa 1.e. 

The superior pkrfcbrmanee of the s i lk  sci-cencd.Kapton iil evident tram its 
voltarlc -cwrmt characteristics with respect t o  the substahtibl secondary electton 
eii:issior! (SEk:1 yield and backplate lecikagi! current. In conteast, tbe sirrfaee Iriak&ge 

. I . - ( *  hontl breaking bv electron irradiation o r  displlicing stdfioitWt E"s by O'B vial 
riiicrowave ~lisc!havge, the surface energy of Teflon can b& increased frofn !02" f 4"  
(iiatiir:>.l) to 65"  + 8" rontart angle w t h  a water vapor micrdwave discharge. The 
HU:-FR~,C Trw ewrgy,  f.:,,, of the dielectric relative td vactitim i8 releted to tHt '  
w!iii'ibiiuni r,rmtac-t angle, 8. by proporti,on: Ebb = [ iCl + COB 8 )  + Re12. The 
r '  3Yii;luni wverslblc work of adhesion. Wa, of the two solid surfaces, S i .  S2, in 
C.iititavt, is t.rla?Pcl tn the cmntact angle, 8, by the proportion: W e  = (1  + COR e), 
~ ~ ~ i p l ~ a ~ i ~ i n g  m l v  the  rontart angle among other intentionally undefined and omitted 
v:a riahlt-s. fer the Interim. 
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Ip - PRlkUdV bEhM CURRENT 

I- - SURFACE LUUCC CURRENT 

is - WCOMMNS~TED SECO~DARV ELECTROI 

iL - B*cu P U T E  LEAI~AGE CURRENT 

COLLECTOR ISEG CURRhNT 

KAPTON FILM 0 Wl"l klTH 
I,,?'' X lil '51U SCREElkD 
C B P E R  GRID 
SAMPLE NO. 32 

Figure 45. Charging Char&eteri$tics for Kaptb'il Pilm (3  -mil) With SilksCreehed 
Copper Grid 

currefit, IR, although initiklly large, subsequently decreases rapidly, due to the 
rapid rise i n  backplate leakage ctirrtSnt beybnd 4 kV primary electroil beam energy. 
L'p to the latter voltage, the dominant eie&tr6n eufrent lokg h o h  thid material :s 
due to SEk current, Is: and to a minor degree. surfare leakage Cuffent, Ia, W!lile 
the backplate current, IL remlined negligible. HbwetbP, beyond a primary elec- 
tron beam energy of 4 kV, the dominance of bkckplate leakage current, iLD raptdly 
asserts Itself. While the SEE current, g, relatively rapidly deerea6e6, the back- 
plat& leakage current. IL, beeoniebl eubetantially ddtliinant beyond B kV With re- 
spect t6 the SEE current, Is, and surface leakage current. t*. 

Examihation of the sitver-grid bbnded kbptbrl (at lox magnihat ibn)  r e w a l l  
that the filamerits of tho grid are of fairly urifforh width and depbsitian. They a r e  
uniformly well bonded to the Raptpn. However, there are some re$ions oi silver 
scarcity In that iacaltzed portions of some filament6 have; extremely thin (- I /  10 
width OF filamentl silver brtdgecl connecting them, defect8 Which must Be remedied 
to obtah owimum performance. The surface of the silver filaments a r e  relatively 
I=OUgha though apparently thlg disadvantage does nbt ceuse: Idcalf zed dischargee. 
Die mark8 a r e  evident on the central regidns of the Kaptori Wndowb of the grid (due 
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to processidg. Howcvc?f, Clectr'bn iprac.. 
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ition etching of the Rapton lhond breaking) 
is nbt obvtous at lbOX irnd 46bX hlaghification (Figure 26). That is, no parallel 
sirigle- nor dbtrble-way &Fetch (StPeeS) patterns, rlor brick-stress pattern i R  cvi - 
dent. This is appaierltly attributed to the charge dissipative ability of the grid in 
conjunction with significant ciectron bc"atdment induced conductivity in the 
Kapton, between the grid filaments, as Well as fhL5 sibstantially lower resistance 
of the thin (I-mil)  Kapton. 

I 

a. (100 X) Grid Filament 

Figure 26. Kapton 
Film ( 1  -mil) With 
Silk Screened Silver 
Grid After Electron 
Bombardment 



'Chere w e ~ 8  no heasweable  didchargas far this material duping electron 
bombardment thtaugh $6 kV and i a  apparehtly a uatisfartary prospect lor q m c -  
craft thermal blanket t?pp!ication, 

MiWures  of indium drld tin oxides (961 10) reduce the surface resistivity of 
polymeric films sufficiently to control static charge buildup in simulated cnviron- 
mental telts.  In this study a film thickneb of only 25b A was sufficient to  attain 

trknsparency of FEP Teflbn. No discharging occurred under electron bbmbard- 

additidnal Wta rieeded to qualify this mater'ial fbr spacecraPt use is that which will 
dhow reasonable stability id the spa&e envirohmen: and resistance to damage by 
flexing the cbated film. 

O d  the  f u s t  condition it iS hypothesized that bnly slight discoloration of the 
IT0 will occur under space W and electron irradiation because of the thinness of 
the cbatidg required (s 250 A ) tb obtain the conductivity t o  spread out the charge 
aribing from solar substorma. This hypothesis is based on data taken an IT0 
coated OSR'B prbduced by OCLI and Liricolts Labbtatory in the CE Combined Effects 
Chamber in 1975 fbf the A F M L  Sponsbrhd Thermal Contr6l Coating Development 
Program. A A% bf 0. b l  was related ta IT0 coatingduting a EUVS exposure. The 
reason for the Slight effect of the degrading IT0 on the performancg of the solar 
reflecting mir ror  iS that the extinction coefficient i$ not only a function of the amount 
OF light that i s  absorbed iri the ITO, but also its thickness. A long term exposure 
t o  W and lbw energy (few eV) particles (electrons and protbnsl which are depbsited 
primarily in the conductive coating and FEP br di8ruptian of the FEP surface during 
coating deposition will  thereby reduce pertbrmance of the pdymer under ii-radiation. 
Thebe effects should be minimat uging Magnetran equipment tb depbsit coatings be- 
kailde ot the very low temperature rise which occur3 during the  deposition proc@ss. 

8r may not affect static charge control perfbrmancc. Prelitninary .data indicates 
that thig W i l l  nat be a prbbletn. Micrbcrackg in at7 IT0 coated Kapton film Were 
observed (under a micfolcbpe) after vigoratis fieking of the fiftn. HdWever, the 
sample $hoked '16 discharges, and in fact, perfarfnbd ab  welf as ati utnflexed speci- 
inen tij 30 IC$, 30 d / c t n 2 .  

Once these potehtk4 pidblem area8 have beeti cleared, IT0 can convehiently be 
deposited tn quaMtiec large encugh for spacecraft systems using canventlonal 
rnll-cclaitfdg equipment. 

a resistance in the 16 8 uhm-em range withbut significantly feducing the  visible 

meat to  95 kV with an agsociated current density as,high : 1 30 nA/cm 1 . The 

Cratking or crazing of IT0 fllths during hesing of tht polymer substrate may 

I 
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Clur prt3limihary evalrlations tndlcats that esnductiva g F i d ~  f m " d  by photo- 
etchirlg ebpper of  Bilk-sceeanidg silver filltjd paiht ah Kapten to be OPfccttve in 
caa t r a i l i n~  dtsskarging tu 2fi kV and 30 rlAIcm2, A syuafe  1/2-in, Rfid pettcrn 
%a8 UsOd bEL3ed an an analysis rGsantly completed for AFML. ' Qptlrnlzattan of tho 
grid pltcli can be done smptrictilly. HbWOveP, this itom daea not appear to he 
critical from a paesive temperature central p i n t  of view because Kapton Is not 
used for control ot critical surfaces and in  usin# O.dl5-in. Wide filmhnets only 
B percent of the Kapisn Burface is savored by the grid. 

cause of poor bonding of the  grid to t h e  polymeric Tim. A remedy ta this situ5tion 
is not apparent, becatise bondihg can only be improved by etching the FEP surface 
and this ha8 prbven to significantly ciisrupS the UV stability of the FEP. Aiter- 
tiatively, heat sealing a wire grid into the Teflon surface i 6  anothcr approach, but 
it too is expected to affect the stability of the FEP film in  radiation environments. 
This is a caube far concern because back surface metallized FEP is u6ed for passive 
temperature control of critical surfaces where even minor changes i n  solar absorp- 
tance prbdtlce unwanted temperature increases. 

Very poor performance was Dbtained from FEB Teflon wi th  capper grids be- 
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