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5.  Charge Distributions N e a r  Metal-Dielectric 
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A b s1.r act. 

Flashovers on dielectric surfaces 6f  spacecraft w i l l  produce currents to adja- 
cent nietalliC surfaces and in many cases may be initiated. by phenomena at the 
interface between metal and dielectric. A technique has been developed for meas- 
uring surface charge distribution near interfaces withbut placing any measuring 
apparatus near the face of the samples. This paper reports the results of measure- 
ments which have been made on FEP Teflbn and Kapton dielectrics, before and 
after flhshover, with various types of LnterfaCes. Also given a r e  data shbwing 
mean time betweon flashovers for varldus confiigurations exposed to a variety of 
environmental conditions. SWeral charge transfer mechafilsms a r e  considered 
as means by which stable charge distributions may b& maintained near interfaces. 

Mahy of the flashovers which occur bccause of differential charging of a space- 
craft surface *ilf be inittated by phenomena dear a metal-dielectric interface. 
This is especially true i f  the condoctive frame of the spacecraft is maihtaided near 
local space potential by hn active emitter while the dielectric becomes highly 
charged because of substorms. This report deals with phenomena at  the interface 
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so as t& ascertBtr, thc conditions for flashover arid to seek means of preventing 
flddhov6r. Chavge distrtbulibn measurements a r c  the principal diagnostic tool. 

sufface are abruptly released and transported tangentially to a riearby gfourided 
conductor. Punchthrough is not codsidered. The charge distributions on the 
dthlectrie are formed by an irhpinging electfon beam that is monoenergttic though 
unfocust d. The breakdown process is suggestive of the failure of vacuum bushings 
except that the bushings fail because of cathode phenomenal whereas the system of 
ihtecest has a remat?ly lbcated cathode which plays rib phr t  in the flashover 
phenomena. 

different types of interface. 
t r ic  fields and estimate limits where flashover becomes probable. An analysis of 
various .charge trahsgort methanisms below the flashover threshold w i l l  lead tb an 
eventual understanding of the phenomena controlling flashover. 

The flashover is a process whereby negative charges adhering to a dielectric 

This report presents charge distribution data and flashover probabilities for 
From charge distribution's, one can Calculate el&- 
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2.1 Prephrslibn of Specimens 

Results destribed here are for 0.13 m m  (5 mil) sheets of FEP Teklon knving 
a silvbr-inconel coating.. The coating is grounded With the specimerl facing the 
electron beam su th  thtit charges on the surface of the shekt will indutc! comparable 
charges on the underlying metal film. Wheri the metal film is segmented and each 
segment is grouhded, then the surface charge distribution can be inferred by meas- 
uring the charges ihduced ori each of the underlying segments. The schematic 
shbwn in Figure 1 illustrates the technique where it should be noted that the elec- 
trometer configured for charge measurement maintains the asscciated segment 
at virtual grbund. 

tanMs. Areas were determined by scaling from erilarged photograph$ and eapaci- 
tances were measured directljr by applying Voltages of 500 and 1006 V to drops of 
aqueous salt solutions standing en the upper surface of the specimen,. The two 
measurements were compatible with handbbok data of 2.1  for a diblectrtc coristant, 
though the capacftanke measurements werr: the mbre precise and were used almost 
exclusively. A typical capacitartee per skgnen t  w a s  1 pP. 

The interface' far many of the measurements Was formed by placing R grounded 
metal aperture over the specimeri. Variations or diameter, aperlure thtckriess, 
and material were tried. In other measurements, the same type of aperture was 
used but e slit was cdt through the dtelectrtc sheet so as  to expose the underlying 

The charge data must be Coupled with either segment areas o r  segment capaci- 
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ALUMIW-MOUNTING PLATE 

Figure 1. Mouriting of the I)ielectric Spccimen (Film Thick- 
ne'ss Exaggerated) 

ground plane. In these latter cases, the grourid plane was reinforced with a layer 
oE cbnductive epoxy-backed with stainless steel shimstock. 

niachining technique. A repetitive disCharge from a 100 pF capacitor zit 1 kV was 
used. With the U s e  of guides the etching point could be moved S b  as to cut lines of 
abbut 0.2 mm in width though in p r a r t k e  wider lines were used. When the lines 
*ere! too fine, hadhovers would induce brenkdbwn between the segments. The 
smallest segments used were approximately i. 5 mni wide  and 4 mm lbrlg, this 
being the smallest size for which epoxy bonding of leads wag cbnvenient. 

The view is from the direidion of the electron beam. The circular aperture Bgtpbses 
the transparent dielectric sheet and the uhderlying reflective ground plane. The 
etched lines a r e  visible through the film and are easily photographed by the use ot 
backlighting. ThB first segment in the illtistratioh is partially hidden-by the aper- 
ture. 

The segments were cdt in the grodnd plane by means of an electrical discharge 

.A line drawing from a phbtograph of an actual speCimen is shown in F k r e  2. 

2.2 Test Chamber 

?'he specimen was Inderted into a stainleds steel VaCuum chamber as illti$- 

The eleetran source was of simple construction havidg B heated tungsten 
trated In Flgure! 3. The varibus cispects of the: system are described below. 

filament and its alumhuni kiiclosUr@ inahtained at a flked negative voltagb. Elec- 
trons from the: Pkcessed fllatiibnt would emerge from the hole in the box and Be 
acceleratgd toward the grbunded supporting frame. They wotild pass  through a 
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Figure 2. Typical Specimen Configuration 
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Pt@r@ 3. Placdmefit of Apparatus f~ Vacuum Chamber 
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second hole Lh the frame and drift Bt comtltlt velocity towkrd the spectrhen. The 
diameter of the beafn ZU half~m8xlmum ihtedslty on the target was approkimatd5. 
8 cm as determined by sedSiacl cin the specit'hen pllne. THds, specimen diatneterP 
were kept to lees than 3 em for all experiments. The beLm source was fed by 
high-volt&g;e feedtht.t)ugh$ remotely located from the other feedthroughs' where 
sensitive measureniehts were belli$ made. 

The beani intensity Was mbnitol'etl by a small probe Which could be swung into 
position above the specimen. Current to the probe was measured by an elertrom- 
eter  which held the probe near the ground potential. A geometrical factbr was 
computed far cohvertlng the probe current to effective currt?nt density at thd spek- 
fmen face. Though the accuracy of this determihation is nat high, it is stil l  ade- 
quate for comparing fluxes and providing reproducibility. 

keep scattered electrons Erom the sensitive leads. These leads Were kept short 
arid connected by a multipikl, high-voltage feedthrough to an external terminal box 
where various electrical connections cbuld be made. 

molecular pump, Pressure was mbnitored. A controlled leak was  available b ~ t  . 
used3it.&-becautX! varying the pressure had little effect upon the data. 

The dpgcimen was mounted on a platform surkounded by bafMes which were to 

The chamber was evacuated to a base pressure of torr  with a turbo- 

Procedures were developed to reduce the! impact oE spurious events and syste-  
In addition to the btxurrencB of oCcasibIiP1 inkonsistent data pbirits, matic errors. 

all &ita reflected the effects of elhctrbmetCr drikaxid residdal surface charges. 
Drifting of the electrometers occurs because of charge leakage through the 

dielectric sheet but this w a s  neeligible and nbt measurable with PEP Teflon. Some 
tests with Kapton shoived leakage but otherwise behavior similar to FEP Teflbn. 
Of much greater significance was the scattering bf electrons thrbugh the baffles to 
the back side of the specimen. This effect was coxitrollable to a pbint where dhort 
term drifts of say a minute were negligible. Long term drifts were of little conse- 
quence and cbuld have been either tb leakage o r  to scattering. Anbther sauree 
of drlft was  that due ta humid air in the terminal bog. This problem was  controlled 
with desskant.  

The measurement of charge require$ the ability to remove &ll charge from the 
specimen befbre a d  after a charging cycle, One simple way of remodrig charge, 
but a slow Way, wag to rillse the pressure to 
1 mh. A quicker and equally eflbctlve way was ta use secondary emissioh from 
the surface. With proper adjustment of the electron beam edergy, the secoddavy 
emission coeffidedt would exceed u d t y  add the surface wodld lose charge. With 
the proper seqil6dcb of beam voltage adjustments, the surface chdrge toutd then be 
btoiqjht to an adequately low value. 
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T W O  eleetrotneters were used to lrlohitor twb segments simultaneously, 
Severdl sets of m&sdr&W?nts then provided a basis for combihing data from dif- 
ferent Puns with an adsuratiee of coilsistency from one run tb another. 

Plashbvers Were eosllp observed by recording electrometer outputs on a 
s t r ip  chart recorder. The abrupt loss of charge b n  a segment was sbservhble as 
a discontinuity on the trace. 
t h u g h  the great majority have been complete. 

Parttgl and complete distharges have been observed 

3.1 Chmgr Uistributions 

Detailed charge measuremerits Were made fcr the FkP Teflon specimen illus- 
trated in Figure 2. The diameter Was 2. 5 cm ad determined by an aluminum 
aperture plate having a thickness of 1.3 mm. Measured segment capatitances 
w.ere used tb convert meaSured charges to surface pbteritials which a r e  shown in 
Figure 4. Away frdm the boundaries, the potential is appraximately the beam 
potential less the energy at which the secbndbry emission cob€ficient is Unity. 
Incoming particles thus strike the surface so a s  to release ari equal number of 
sekondaries. The data of Will i s  and Skinner indicate a uriity crossbver for P?"FE 
Teflon of 1.8 kV whikh cbrrespbnds well with Fi@irirO 4. Near the bsundaries, the 
potential is depressed such that a gradient of apprbximately 10 kV/mm is estab- 
lished, If one applies the data of Wil l i s  and Skinner to the depressed rcgiari, he 
concludes that the sec0ndaP.y emission coefficf&lt in that region is less than unity 
such that some atltrfliary charge release mechanism is acting in that region tb 
maintain a steady state. 

Figure 2 exeept that it has a slit of 1 cm len&h through its center. Steady state 
conditlons could ri&t be achieved at suCh high voltages as for the first  specimen, 
but Charges were measured and potentials calculated as shbwn in F i a r e  5. Also 
showrt lh the fi&re Is a Curve at 10 kV taken frc"1gure 4 and positiotted for 
comparison of the @adient6 with and without a slit. 

of the dI&etrie, this being as high pbsslbly as  7 kV/O. 13 Rim or about SO kV/mm. 

similar to those already shown. The edge effects are simtlrif. for a 5 cm diameter 
specimen, for ai spCIcimeh with a cobper aperture, atid for a Kapton specimen. 

Htghly significant is the fact that steady state dfstributlons do not depend upon 
electron flux denslly. From a steady state @Ith a given flax, the electton source 
filament can be cooled until the flux 1s zero and no change in the charge is observed. 

2 

Charge measurements have been made for  anbther specimen similar  to that of 

It is evident that with the slit a high gradient Vofll exist acr6ss the cut surface 

Numerous other mappifigs have been made With results being essen:iaily 
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Eigure 4 .  Steady State Surface Potetltials for FEP Teflon 

However, at very high fluxes exceedin$ l.-#A/cm 2 a drop of perhape 3 pefcedt of 
the surfate kharge is observed. 

9.2 Equipatentiel tantours 

Once chafge d i s t f i b u t h s  arb known, Laplace's equation cari be d v e d .  The 
method used here was approxiinate, being most accurate riear the surface and the 
interface. It involved approximating the problem virknth a two-dimensional modei, 
doing a conformal trttnsformatiun, and solvldg by use  of separatton of varlatlzs. 
Thb diita poldts for the 2d kV cas& of F1guP.e 4 were the basis of a calculation &awn 
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Figure 5. Steady State Potentials for Specimen With Slit 

in Figure 6. The crucial paint to be! noted here t9 that the eiectrih field has a 
normal component tdwdrd the $urfa&:e. 

3.3 Cheree flelease Clechadsms 

The gradients near an iiiterfacb a r e  edtabliehed through a balmce af vafiaus 
charge transfer mechaniems. The fact that the balance t$ indeperident of primary 
flux denstty 16 an indication that all processes tnvolted arb propbrtional to primary 
flux. Varlous pass tbllttie$ Qcludi! fl&ld-ePlhanc:ed secondhry emission, x-ray pro- 
ducttoh frori~ the beam strtktng the aperture plate, ion neutrallzaitlbn, and bom- 
bardment-lndiiced conductivity of the dtelecttic. ':he first  of the suggesttons is 
considered to be the! most appropriate, 

Measurements wtth a copper aperture were made to test for the posstbtltty of 
x-ray effects. Copper Hias deltberately chosen because of i ts  K-edge: at D kV. If 
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Figure 6. Equipoti?nlial Lines for Exposure to a 2 1  kV Beam 

LV 

the charge diStributibns showed aribmalies With 9-kV beam voltages, theri x-rays 
would likely have a significant role in the charge Balance. However, no differenees 
could be fbund between m6asurements with eopper and alumitiur *. 

Ibns might be attracted to the negati\te.dielectric surface, yet they would gb 
preferentially to the mddt negative center region and nut to the edges where their 
contributitin would be needed. 

. 
under bombardment, it is felt that this phenomCnum is nbt of suffkient maai tude,  
nbr sufficiently linear, tb account for the observed charge distributibm. 

near interfaces is inadequate to compensate fnr  the ineoming primary flm. . Also, 
seeondaries are akcelerated away from the surface by the normal compbnent of 
the field such that they cannot interaet with the surfaee to cause an additional 
release of eleetrons. Note, hbwever, that the data of Willis and Skinner was 
recorded with techniques which minimized tf-3 buildup 01 charge: oh the dielectric 
surfaee and thus the ftcld. It is po$slbl& that the decondary emission coefficient 
is increased in the pi-esence of the field such that a dteady state is maintalnetl in 
the depiressed regloris. 

Thbugh little informatibn is at hand regarding cbnductivity of the dielectrk 

Available data ihdicate that the secbridary emiSsion in the depressed regions 

2 
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1.1 Sparimfin qithuut Slit 

The probabiltty of hashaver has been found to be very law for Teflon speci- 
mens covefed with the 1.3 m m  aluminum apertufe plate. Ceneralfy for all speci- 
mens without slits, but with aperture plates, the hashover rates have been low. 

The flashover r i t e  for the specimen oc Figure 2 has been measured at various 
flux dedsities for a beam voltage of 21 kV. The rate is not constant but decreases 
with time, probably because of cleadup of the dielectric surhce .  The measure- 
ments shown in Figure 7 were made with a relatively dirty specimen Jlrhieh had dot 
been long in vacuum. 
overs. The flashoverc which occurred showed a complete lbss of charge from the 
surface of the dpecimen. After long exposure the surface of the specimen nekr the 
interface became frosted. For these tests the current levels were such that a 
steady state chahge distribution was established in a few seconds. The system 
would reside in. that conditiori for hmdredd of seconds, exposed to an eleetron flux, 
beforea flashover wduld occur. 

Everl then a r u n a f  1 h r  at 0.16 pA/cm 2 showed no flash- 

_....-. ----. .- 
1 

I 
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Ftgure 7. Flashovers in a 21 kV Dt!.im 
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4.2 Speelmoh Zltb Ylli 

Whoa & sltt ts Cut in a specimen, the flashover rtite fdcreasos drastically. 
Steady state 
a cdmplete lbsa 6f eurhce @harp .  Visual obaePvatian shows light bWst$ concell- 
trated on the slit when flashovers occur. Data pbtfits Ilt'e shown in Figure 8 where 
the thfl'ilence of bath beam voltage and current delislty are sholh.  

net attaihgble Much above 10 kV. As bekislie the fla8hov4rs Catlsb 

0 
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4.3 PurtlaC PIt&nccic6 

Partial hashsvt?re have be&i dirted, these belag sueh as to lgave mme eharljo 
od the eurfece of the dlelebtt'tc. Most of tkeee obB9rvAtlDhe wet% for FgP Teflon 
wtth a stainleas s teel  aperture have a thlekdese of 0.08 mm, PuPthermOPe, the&? 
partial hashovefs occurred durina the charging tradsiedt 88 ehbwn id PI&re 9, 
Two sequedces are ehowd With the eharges indueed on t W b  eelgmetitd plotted ag&it¶Et 
ttrure. For this spectineti, segment 5 w&s in the centef, 3 near the edge, and 9 
tntermediately placed. ?'he final steady state charges at 21 kV arc! consistent with 
expectatloria Prom Figure 4. No phttern of p a r t k l  flaihauers was distin@t&hed 
except that in mosit cases only a stngle flashover bccurred durlng the chargtng 
trans fen t . 
after having been tn steady state for some time.. Such evetits have dbt Wen Counted 
tn determining the mean t h e  between flashbvers shown in Ftgures 7 atid 8. 

On rare occasions a single segment will 1ose.a small  fraction of its charge 
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Figure B. Partial Flkshavers burhg ChWghg TranBietlte 
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Maawrcmahtti hnva demonstrated thnt grndlcnts uf 10 kVini tn  can w L ? t  on the 
surface of dlelcctrlc matcrials with the probnbillty or flashfwsr botng prnctlcnlly 
lhotgnlflsnnt. Tha gradtcnt is mntntained by n hnlnncc nrnung chargc trnnsfcr 
proceuseo which a r e  thought to be dominated by 9econdnry emission, nlthough 
appropftotb data to show this are unnvsilablc. 

ablllty of Plashover. A n  interface which exposes an edge of a dtelestric sheet 
creates a strong ficld whtCh initiates fladhover at a relatively low level of charge 
on the dielectrtc surface. The threshold level for the onset of flashovers can be 
approximately doubled by covering the edge of the sheet with 3 ground plane. 

and, as a result, extensions of the work to multiple-aperture systems a r e  antici- 
pated. Breakdown probability and the propagation of flashover from one region to 
ariother art! topics of interest. Also, the effwts of punchthrough a r e  to be inves- 
t f ge t ed . 

The desigt  of the metal dielectric intcrface has n marked effect upon t h e  prch- 

The conftguratfons investigated a r e  not particularly useful for applications 
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