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A bs t ta ct 

Extensive measurements on Teflon and Kaptbn in a scanning e1eCtron micro- 
scope iridicate the exiltence of a well-derined family a€ sur f lce  micro-dishharges 
characteridtic of the dielectric matisrial. The measurements are bf the current 
flowing tb a conductihe gede8tal dupporthg the d i t iec t rk ,  and carried out in bbth 
the time aild frequency domains using a sampling osclllpdcope and a speCtrum 
analyzer. F'br a given small regioii exposed tb the 16-20 kV electron bearri, the 
strongest discharge pulses? a r e  s imilar  in shape and amplitude. For Teflon, typi- 
cal pulse durationki are 2-3 ns, rise and fall times are sometimes as low a? 3.2 ns, 
current amplittides are appraxlmately 100 mA fibwing dbVvn tb tee pedestal (elec- 
trotis flowhp up), and the pulses ere unidirectlonll with no ringing. The U!-B 01 a 
tapid-dean electron inihroscope with a secondary-electron intahing system p.evCtals 
Coniplex c h a f e  distributions resembling Lichtknberg dgures on a suppoSedly flat 
homogenebus dielectric durfdce. These patterns uhdergo eW%idve alteratiqn at 
eech micro-discharge pulde and Indicate thkt both the chargin8 and discharging 
procesded are hl&hlJr nonuniform over the dielehtrfb surface. The use  of a flood- 
Beam (instead of the gck-ed dpbt -beam) causbs the ohcurrence of larger-scale 
mahro-dlscharges, In which a tSIplcal peak cuprent is 40 A with a duratibil: of 
120 tis. 
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1. INfRO&fCI'IO% 

The scanning electron microscope (SEMI has been used extensively tb study 
charge accmulat ion on sphcecraft dielectrks'  and also to study the resultant dis-  
charges and their spectra. These measurements have indicated that accumulated 
negative chai-ge from the SEM electron beam spbntatieously and very rapidly dis- 
charges from time to time, causing a downward eurrent to flow in the condbcting 
pedestal supporting the dielectric sheet, and resulting in a burst of electrotis Prbm 
the dielectric surface. .A  beam accelerating voltage of at least 1 6  kV was required 
to produce the above impulsive discharges, and mea$lircd spectra suggested dis - 
charge current rise and fall times of the order of a few nanoseconds. 

the mechanism proposed by Meulenberg whk 
demonstrates that breakdown could occur between a submerged layer of electrons 
and a positive surface layer caused by secondary emission. Events subsequent tb  
this initial breakdown remain a niystery although a r c  propagation through the sub- 
merged layer as described by Gross 

The observed discharges had proper"ms suggesting that they were initiated by 
3 unique and fundamental work 

4 i$ a possibility. 

2. RECE?iT RESULTS 

I .  

2.1 hiterpretalion of Previous We&suremeals 

2 The discharge-&urrent spectra repbrted earlier were measured on a slowly- 
swstephg spectrum analyzer so that each discharge appeat-ed as a dbt on the 
ogcillbscopt! display. The pattern of dots gave an indication of the discharge 
spectrum, but little attenticin was paid in the earlier publication to a signifikant 
prbpertg of the dot patterns, namely that mbst of the pCitternS taken had well- 
defined upper limits. This tippkr-limit property shows that the strongest discharge 
current pulsbS have the same spectra. Furthermbre the spectra did not change 
appreciably ad the highly focussed electrbri beam was moved frirm pbirit ttr pofnt 
on the specimen, nor did.the spectra change more than a few dB as the spot beatn 
was deftrcussed m d  enlarged to a cross-secttonal a rea  of 1 mm (and a current 
density of 10 nA/Cm2). 

2 

2.2 Pulse Mdhsuremenls With a Sampling Uscillascope 

A sampling osclllascope cdri be used hi d mode id which the time separation 
betdeen triggering arid samplirig is increased by a small time interval after each 
pulse is sampled. This time intetval 1s independent of the time between ptifues, 
so that a regular pulse erivelope will be displayed on the oscflloscobe for randomly 
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occurring pulses, provided that alltht! pulses have the same shape. SuCh mcas- 
uremehts were carried dut mainly on Teflon specimens because of their high rat& 
of diacha.rp occurrence. When the triggering level was set to be reached only by 
the strangest pulses, regular pulse envelopes were meagured Ba for example in 
Figure 1. Moving the electroh beam from point to paint on the specimen.Rroducc?d 
changes in the details of the pulse shape but had little effect on its peak amplitude 
of about 100 mA o r  on its duration of 2 to 3 ns. The fastest Vatiation measured 
using a 4 GHz sampling dscilloscope was the 0.2 hS fall time in the pulse butline 
of Figure 2. 

Similar measurements were car r ied  out on Upton  H (Polyin-'de). Regular 
pulse leading edges w&re fairly easy to recard, and the indicated rise times and 
pulse amplitudes were similar to those fdr Teflon. However, the Kapton pulse 
measurements exhibited ti great deal of scat ter  for 5 to 10 
rise. The most probable efplailation for this is the oeeurrence cif a succession of 
small  discharges, each triggered by the one before. 

Some sampling oscillbscope measurements were Carried out on Teflon dpeci- 
mens given a p r b r  heating to 38'C in.air and transferred quickly on a heated base 
to the SEM chamber. These specimens prbduced discharges similar in shape tc 

those already described at room teniperhture, but the pulse amplitudes for the 
heated specimens were Smaller by factors of 3 to 4. 

The fact that i t  id pbgsible to get r e a l a r  pulse outlines in most situatiorls 
using the above tebhhiques shbW that the strongest pulses ark Virtually i d h t i h l .  --. 
in shape, at le&St for 'I'eflbn and to a more limited degree for Kaptan. Because 
thede puldes a r e  sa simllar, it seems reasonable tb think of them as members of 
a well-defiiled farriily of micro-discharges. 

follbwing the initial 

2.3 Hacto;Dischargc?s 

by a number of researbhers. 3* 5 D  ', ', 
(micro) didChar&es requires their comparison with the large-scale (macrb) dis- 
charges ln a 6ixfiilaP ekperimental eWironment. By the use af a large electron 
beam aperture and by the prbper adjustment of the niegnetic lenses, a scanning 
electron microscope can be made to produce a nbnscanded relatively uniform fibbd 
beam of electrons more than 5 cm in diameter, With a cultrent density of the ocder 
of 50 nA/cm . Such a beam has been used to chatge Mylar speidmend nieasurhg 
48 x 26 x 0.12 mm. The Pesultant disd~arges are readlly visible b t h e  naked eye 
as "lightning" f l d s b e  which dart iri irregiilar paths across  the specimen, tisudly 
terminattrig at. its edge. 
&re vlsible as white l h d s  in the central region of the specimen.. The ray-like 
patterning around the edge of the speclmeti is luminescence due to electron impact 

Large-sbale discharges on dielectric surfhe@$ have been prbduced and studied 
A proper under$t&ndhg of the small-scale 

2 

Figures 3 and 4 are photographs of such discharges Which 
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Figure 1. Micro-Discharge Current 
Pulse as Measured With a Sampling 
Oscilloscope. The upward direction 
corresponds to current flowing dawn- 
ward from the pedestal on which rests  
the Teflon specimen, measuring 
10 Y 10 0.5 mm. The 18 kV electron 
beam is  highly focussed and only a 
small area of the Teflon is exposed to 
it. Hori.zonta1 scale 1 ns/div and 
vertical scale 100 mA/7 cliv 

Figure 2. Micro-Discharge Current 
Pulse Measured Ur Same Conditions 
as Figure 1, Excel -bat the Spot Beam 
has been Moved to a Different Area on 
the Same Specimen 
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Figure 3. Macro-bischarge on Surface of Mylar Specimen 26 x 48 K 0 . 1 2  mm. 
The primary arc digcharge gbes from the ceritral bright spot (due to filament 
illumination) to the lawer edge of the specimeti. The other bright areas are 
luminescence, .me bigm Sedelerating iroltage is 20 KV 

Ft&ure 4. Macro-Uischarge Under the Same Condltioiis as Figure 3. The orc 
can be seeii crossing the certral illuminated area 
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with the dielectrk hniediateLy following the dilchat'ge, when th6Pe is not enadah 
negatitte sutface charge left 16 repel the incident beam. The large bri$ht spbt ih 
the Centre of each phbtbgfaph ts dde to light emitted by the SgM filament. Not6 tn 

Ftgiire 4 that this illUMinated region is  t r lvgrsed by the digcharge path i n d w  
that the light intenstty is n6t sufftclent to discharge the specimen thkough 
photdemtsston. 

The macro-discharge current to the cunductihg pedestal. aB mtsadured in.a 
275 MHz bandwidth oscilloscope is shown iri FiguPed 5 ahd 6. The peak current 
doWliWard idto the pedestai is consistently very close tb 4OA and the duration vades  
from 80 to 150 ns. The current flows into a 12.5 ohm load (three 50 chm shunts 
plus 50 ohm attenuator) so that the peak instantaneous power is 20 kW and the total 
energy is of the order  of 2 mJ. The total energy stdred in the accumuiated charge 
could be a6 high as 50 mJ (for a 20 kV beam); conceivablf part  of the edtsbgy dif- 
ference could be dissipated in the discharge arc itself a9 it propagates across the 
specimen and over it3 edge to the pedestal. 

2.4 Observatibns Pith a TV-Type Scan 

Rapid $canning with a televiston-type ras te r  and secondary-electrbn detection 
produces real-time images of Submerged charge distribiitioh (because the negative 
submerged Charge increases the prabability that secondary eleetlions will esCape 
from the iiielbctric surface). Obdervatiohs of this type! indieate Complex charge 
distribution patterad whieh change slowly in response to changes in the reeibn 
being viewed and Very rapidly in respbn8e to impulsive discharges. These obser- 
vatiafis suggeslt that an apparently clean and lmooth dielectric surface may be very 
nonuniform with respect to charge accumulation, on a scale as $mall as a fraction 
of a millimeter. Also hbted during these experiments wad a tendency fbr  discharge 
initiktidn ta uccur along the borders between relsltivelf charged. and unchareed 
areas. 

1 

i 

I 

3. CO3CLUSIONS 

SUrfade micro-di$Ch&r&s bn thin s\clr?ets of dfelectrli! at room temperatutie 
are reatlily identifiable is prodtieing 100 niA, 2-3 ns  pulses kit6 a grounded back- 
ikik canduetor. On the otheC hand, surface inacfo-discharges are both Stroil@er 
arid lonaer in ddfratlbn, by about tlivo orders of mamttude fbr both peak current cind 
pulse dufation in the efrperiments deshfiljed. The area expased to the electroris 
(and thus the art!& dlschargdd) seems to be t b  Factor that dlstidguishes the  two 
typee of discharge. There is also 8 podsibllity that a slictdssion of micro- 
discharges cotlid halit! tip (cir at i&st trig&erl a macr6-disdwirge. Certainly ihe 
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Figure 5. MICro-PiSchBrge Current into the Coliductlng Pedestal Support- 
ing the Mylar Specimen of Figures 3 and 4.  Horizontal s&ale 50 ns/div and 
vertical scald lSA/diti 

! 

Ff&re: 6,. Macro-Dfschorge Curreiit Undet Same Conditions a s  Figure 5 
(for Another Discharge) 
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nonuntfbrmlty of the observed chatging patterns arid the 12iregul8rtty of the ob- 
served dtscharge paths tndtcate thht the phe.nomena under study w e  very ccrmplex 
in terms bf their detailed behhviour, 
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