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ABSTRACT 

In this study the charging and discharging characteristics of 

Indium tin oxide coatingson Teflon, Kapton, and Quartz, 

CTL-15 white paint, 

Pinyoles at various spacings in Teflon and Kapton, and 

e Conductive grids on Teflon and Kapton 

were investigated. The test technique, results, and analysis used are pres- 
ented. The major conclusions are: 

ITD coated Teflon, Kapton, and Quartz do not charge sini- 
f icantly. 

CTL-15 white paint shows no large charge build-up. 

Pinholes in spacecraft dielectrics increase the leakage 
through the sample and reduce the energy released in 
an arc. 

Conductive grids reduce the arc energy by two orders of 
magnitude over untreated samples. 

Extreme low temperatures (-195OC) do not significantly 
increase the arc energy of the gridded sample. 

INTRODUCTION 

Under this investigation, many common spacecraft materials were'inves- 
tigated to determine : 

If the sample would arc 

0 The energy released in an arc. 
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The major conclusions follow: 

Indium t i n  oxide (ITO) coated t e f l o n ,  Kapton, and qua r t z  
show no s i g n i f i c a n t  charge bu i ld  up. 

CTL-15 p a i n t  i s  a t  l e a s t  a s  good a s  S13G low-outgassing 
p a i n t  i n  i t s  a b i l i t y  t o  d r a i n  charge. 

The p inhole  charge drainage technique reduces a r c  energy 
by an  o rde r  of magnitude over un t r ea t ed  samples. 

Conducting g r i d s  reduce a r c  energy by two o r d e r s  of magni- 
tude over  un t r ea t ed  samples. 

Extreme low temperature (%-195OC) does no t  s i g n i f i c a n t l y  
i nc rease  t h e  a r c  energy f o r  a gr idded Kapton sample. 

This  paper is  d iv ided  i n t o  four  p a r t s .  The f i r s t  summarizes t h e  r e s u l t s  
of t e s t s  of va r ious  d i e l e c t r i c  ma te r i a l s  commonly used on spacec ra f t .  The 
second desc r ibes  t h e  experimental  apparatus ,  and t h e  t h i r d  desc r ibes  t he  calcu- 
l a t i o n s  used t o  analyze t h e  d a t a  generated during t e s t i n g .  The f i n a l  s e c t i o n  
i s  a c o l l e c t i o n  of d e t a i l e d  experimental r e s u l t s  and specula t ions .  

EXPERIMENTAL RESULTS 

Table 1 summarizes t he  r e s u l t s  of many experiments on many d i f f e r e n t  
ma te r i a l s .  Bas i ca l ly ,  each sample was exposed t o  a monoenergetic e l e c t r o n  
beam, and t h e  back c u r r e n t  and su r f ace  vo l t age  were measured. The exponent ia l  
decay of t h e  back c u r r e n t  w i th  t i m e  was then used t o  c a l c u l a t e  t h e  capac i tance  
of t he  sample. The charge l o s t  curing an a r c  was i n f e r r e d  from t h e  inc rease  
i n  back cu r ren t  fol lowing the  a r c ,  and t h e  energy i n  t h e  a r c  w a s  ca l cu la t ed  
based on t h e  capac i tance  and vo l t age  6f t h e  sample. 

The samples l i s t e d  i n  Table 1 a r e  d iv ided  i n t o  f i v e  major c l a s s e s  - Teflon, 
p a i n t ,  m i r ro r s ,  ITO-coated, and Kapton a t  low temperatures  ('L-190°C). Under 
each major c l a s s ,  t h e  s p e c i f i c  samples t e s t e d  a r e  descr ibed.  For each s p e c i f i c  
sample, t h e  second column l ists  t h e  beam vo l t age  a t  which a r c i n g  w a s  f i r s t  
observed o r ,  i f  t h e r e  was no a rc ing ,  t he  h ighes t  beam v o l t a g e  used. The t h i r d  
column i n d i c a t e s  whether o r  no t  a rc ing  occurred. Because t h e r e  were s o  many 
d i f f e r e n t  samples t o  be  analyzed, each sample w a s  exposed only  t o  (5, 10 ,  15,  
and 20 keV) 80, 160, 240, 320 femtojoules.  Hence t h e  beam vo l t age  l i s t e d  i n  
column two i s  n o t  an  accu ra t e  d iscr imina tor  t o  use  i n  comparing d i f f e r e n t  sam- 
p l e s ,  bu t  i t  does g ive  an i d e a  of the a r c ing  threshold.  

The f o u r t h  column, t h e  ca l cu la t ed  energy r e l e a s e d  i n  an  a r c  f o r  each 
sample, is  a reasonable  d i sc r imina to r  between v a r i o u s  t reatments .  A l l  b u t  
t h e  mi r ro r  samples a r e  (5- by 5 in . )  0.127 by 0.127 meters i n  s i z e .  The mi r ro r  
samples a r e  made of n i n e  (1- by 1-in.) 0.0254 by 0.0254 meters  i n d i v i d u a l  
mir rors .  I n  each case ,  t h e  l a r g e s t  a r c  observed dur ing  t h e  experiment is  l i s t e d  



The f i f t h  column g ives  a t y p i c a l  s u r f a c e  vo l t age  a t t a i n e d  by the  sample 
dur ing  t h e  experiment. For t h e  samples t h a t  d i d  n o t  a r c ,  t h i s  number i s  
e s p e c i a l l y  important s i n c e  i t  i n d i c a t e s  theamount  of charge t rapped on t h e  
d i e l e c t r i c .  

Teflon 

A l l  of the Teflon group of samples arced. ( I n  c o n t r a s t ,  a Teflon sample 
from t h e  ITO-coated group d id  no t  a r c . )  The most e n e r g e t i c  a r c s  came from t h e  
p l a i n  Teflon sample i n  a  20-keV beam. The p inhole  charge dra inage  technique 
improved t h e  s i t u a t i o n  somewhat, bu t  t h e  aluminum g r i d  produced t h e  most dra- 
ma t i c  reduct ion  i n  a r c  energy. The aluminum g r i d  on t h e  Teflon sample was 
made e s p e c i a l l y  f o r  t h i s  study. Since the  g r i d  was e l e c t r i c a l l y  i n  con tac t  
w i th  t h e  vacuum-deposited aluminum (VDA) on t h e  back of t h e  sample, i t  w a s  
impossible  t o  monitor t h e  c u r r e n t  t o  t h e  g r i d  and t h e  back c u r r e n t  independently.  

P a i n t s  

Both CTL-15 and S13GLo a r e  whi te  p a i n t s  used on thermal  c o n t r o l  sur faces .  
Workers a t  NASA Lewis Research Center have i r r a d i a t e d  S13GLo w i t h  e l ec t rons .  
They observed some charging, and no t i ced  a  b l u e  glow i n  t h e  20-keV beam. We 
have repea ted  t h e i r  experiments wi th  S13GLo, and aga in  noted t h e  glow of the  
sample. The CTL-15 p a i n t  compares w e l l  wi th  t he  S13C-Lo. Nei ther  p a i n t  charges 
s i g n i f i c a n t l y .  The r e s i s t a n c e  of t he  p a i n t  samples i s  on t h e  o rde r  of l o 9  52, 
b u t  each sample is  ab le  t o  bleed o f f  most of t h e  charge i n  a 1 x 10-9 ~ / c m ~  
beam. This suggests  t h e  p o s s i b i l i t y  of using a  p a i n t  i n  a  g r i d  p a t t e r n  on 
d i e l e c t r i c  f i lms  as a charge-control  technique. This  i dea ,  however, was n o t  
pursued. 

Mirrors  

A l l  of the  mi r ro r  con f igu ra t ions  were made of n i n e m i r r o r s  supported by a 
honeycomb subs t r a t e .  Only one conf igu ra t ion  (and t h e  ITO-coated mi r ro r )  d i d  
no t  a r c .  The unt rea ted  mi r ro r s  began a rc ing  i n  a  15-keV beam. Metal-edged 
m i r r o r s  had not  a rced  i n  prev ious  experiments,  and experiments i n  a  1-n~/cm* 
beam confirm t h i s  r e s u l t .  However, t h e r e  was a l a r g e  p o t e n t i a l  bui ldup on 
t h e s e  samples, which sugges ts  t h a t  t he  meta l ized  edges merely n e u t r a l i z e  t h e  
most l i k e l y  a r c  i ncep t ion  a r e a  and do not  b leed  o f f  a l l  t h e  charge. I n  l a t e r  
experiments a t  higher beam c u r r e n t  d e n s i t i e s , .  a r c i n g  d i d  occur. A s  shown i n  
T a b l e ' l ,  t h e  energy i n  those a r c s  i s  g r e a t e r  than  w i t h  an  un t r ea t ed  mi r ro r  
sample. This  supports  t h e  i d e a  t h a t  t h e  lowest  breakdown a r e a  i n  t h e  system, 
b u t  no t  t he  charge-buildup mechanism, has been e l imina ted ,  t h e  n e t  r e s u l t  being 
t h a t  t h e  system now charges t o  a  higher  vol tage .  

The mirror  system wi th  the  conduct ive g rou t  i s  t h e  most complex system. 
Carbon f i b e r s  a r e  s t rung  along the  mi r ro r  edges and he ld  i n  p l ace  w i t h  a  
carbon-loaded epoxy. This  provides  a r e s i s t i v e  pa th  from t h e  f r o n t  s u r f a c e  of 
t h e  mi r ro r s  t o  ground (105 52 from epoxy t o  ground and 103 0 from carbon f i b e r  
t o  ground). This sample arced a t  t h e  same beam energy b u t  w i t h  less energy 



than the control sample. This may have occurred because the conductive grout 
limited the 

a Number of mirrors involved in the arc 

The electron flow. 

Low-Temperature Kapton Grid 

These experiments were done to determine the effect of extremely low 
temperatures on the performance of the aluminum grid on Kapton. Since both 
secondary electron emission and resistivity are temperature dependent, it 
seemed plausiblethat the aluminum-on-Kapton technique might not be as effect- 
ive at cold temperatures. To remove this concern, both plain Kapton and 
gridded Kapton were run at close to liquid nitrogen temperature. There was no 
dramatic change in the charging properties of the aluminum grid. Both ambient 
and low temperature tests show about a two-order-of-magnitude'reduction in arc 
energy for gridded samples. Grids arc at a lower beam energy than does the 
plain Kapton. 

ITO-Coated Materials 

Coating with IT0 holds the promise of neutralizing any charging problems 
by providing a conducting surface for all thermal materials and dielectrics. 
All three ITO-coated materials investigated (Teflon, Kapton, and quartz) 
behaved very well. They did not appear to develop any significant charge in a 
l.~-n~/cm~ beam, as indicated by the absence of arcing and the low surface 
voltages. 

EXPERIMENTAL PROCEDURE 

All of the electrostatic testing of materials was performed at the Hughes 
Research Laboratories (HRL) spacecraft charging simulation facility. Samples 
were typically 0.127 meter (5 in.) square and mounted on stainless-steel plates. 
There was a 1-cm gap between the edge of the plate and the edge of the sample. 
The outer 0.5 cm of the metalization on the sample was removed by etching. This 
was done to prevent arcing around the exposed edges. After being cleaned with 
alcohol, the sample was mounted in the target chamber (shown in Figure 1). The 
electron flux at the target, produced by an electron gun (shown in Figure 2), 
can be varied between 0.1 and 10 n~/crn~ and the energy between 1 and 20 keV. 
The pressure in the vacuum chamber was held to about 2.7 x 10-3 Pascals (2 x 

Torr). 

The principal experimental difficulty was in keeping the electron flux 
accurately calibrated as the filament aged. The electron flux increased 
several times during the testing even though none of the electron gun controls 
had been changed. These changes were indicated by the simultaneous increase of 



both the wall current and the back current. We have not yet discovered how 
to eliminate this effect experimentally. It can, however, be accounted for 
in the analysis. 

For the low-temperature tests, it was important to reduce the sample 
temperature to below -100°~, To do this, the special mounting fixture shown 
in Figure 3 was made. Liquid nitrogen (boiling point -195.8OC) was used to 
cool the support that held the sample. Thermocouple readings showed that the 
sample temperature was at or belok about -190°C when the fixture was full of 
liquid nitrogen, A heater was used to warm the sample so that it could be 
removed quickly from the test chamber. In the'future, this fixture can be 
used with other liquids or with temperature-controlled baths to control sample 
temperature over a wide range. 

METHOD OF COMPARISON AND ANALYSIS 

In the past, dielectrics have been ranked by the energy of the electron 
beam when arcing began. Since the total energy stored on a dielectric is pro- 
portional to the voltage on the sample squared, and the voltage on the sample 
increases as the electron beam energy increases, this is a good measure of a 
charge-control technique. However, it ignores some important factors in charge 
control. In this study, the energy involved in the arc was calculated directly 
by : 

(1) Fitting the back-current data after an arc 

(2) Using that fit to calculate the total charge lost to the 
sample 

( 3 )  Estimating the capacitance of the sample from the backcurrent 
data 

( 4 )  Using the voltage of the sample immediately following the arc 
to estimate the energy of the arc. 

This section deals with the mathematical model used to determine the capa- 
citance and the charge lost during discharging. The development of this model 
is summarized in Boxes 1, 2, and 3. The results of this analysis are summarized 
in a later section. 

Mathematical Details 

The text in Box 1 mathematically describes the model of charge buildup on 
a dielectric surface. The starting point is that the voltage buildup on the 
front of the dielectric is proportional to the net current to the sample. This 
equation introduces C, the capacitance of the sample. The simplest form the 
various currents can assume is also shown. The current diverted from the beam 
because the sample is charged is assumed to be a linear function of the surface 
voltage. The backscattered and secondary-electron currents are related to the 
net incient electron flux by a single constant f3. Leakage through the sample 



BASIC EQUATION: 

ASSUMPTIONS: 

BOX 1 

CHARGE-BUILD-UP MODEL 

(INTRODUCES CAPACITANCE C OF THE SAMPLE) 

' 
: ELECTRON CURRENT FROM SOURCE 

'0 
v 

iD : CURRENT DIVERTED FROM SAMPLE = i - 
O E 

TO SAMPLE IS io 

ig + iSE : BACKSCATTER PLUS SECONDARY EMISSION 

v 
iL : LEAKAGE THROUGH THE SAMPLE = -  

R 

(INTRODUCES RESISTANCE OF SAMPLE, R 

E = ENERGY OF THE ELECTRON BEAM 

SOLUTION: 

VOLTAGE ON SAMPLE 

MEASURED BACK CURRENT 



is assumed to follow Ohms' law, which introduces the sample's resistivity R. 
The next most complicated form would be to assume that the parameter is 
itself a linear function of surface voltage. This would result in a solu- 
tion of exactly the same form as with the first-order theory, but new param- 
eters would have been introduced and the algebra would be more complex. The 
first-order formulation of the problem can be solved directly for the surface 
potential as a function of time and initial voltage on the surface. From this, 
the back current can be inferred. 

Box 2 presents a method of fitting a series of data points to an exponen- 
tial plus a constant. This is the form of the back current in both the first- 
order model developed in Box 1 and the second-order model. The constant term 
is approximated by the last current measured; the current which dies away 
exponentially is then the difference between the initial and final currents. 
Then the decay constant is calculated based on an intermediate current measure- 
ment and is used to correct the original estimate of the constant and exponen- 
tial currents. These new estimates are used to refine the decay constant cal- 
culation and so on. This process is continued until the decay constant stops 
changing. This method has been satisfactory in estimating the exponential and 
constant current values for the data collected. 

In all the fits presented, the data and the fit have been coplotted as a 
visual check on the goodness of the fit. Although the form assumed is too 
simple to fit the back-current data accurately and completely, it is a reason- 
able approximation to all of the data so far. 

The same procedure was used to fit voltage curves. In the case analyzed, 
the decay constant implied from the voltage data agreed with that implied from 
the current data. This encouraging result led us to use the simple model in 
Box 1 and the simple fit in Box 2 to calculate R, C, and B from the fit to the 
back-current data. Box 3 shows the equations used to calculate R, C, and B 
from the fit to the back current. These result from equating the results from 
the model in Box 1 with the corresponding data-determined coefficients in 
Box 2. 

Box 4 shows the equations used to calculate the energy in an arc. The 
capacitance C is calculated as in Box 3. The charge lost to the sample is 
calculated by integrating the exponential part of the current. This under- 
estimates the charge lost slightly. The voltage immediately following the arc 
is based on direct measurement, or on a correspondence between measured sur- 
face voltage and back current. 

Sensitivity of Calculations to Experimental Parameters 

In the current tests, the capacitance values calculated as shown in Box 3 
were insensitive to the initial current io. The backscattering-secondary emis- 
sion parameter B was very sensitive to the initial current io. The resistance 
may actually vary as a function of beam current and did show some sensitivity 
to the beamcurrent. This result is to be expected from the form of the back 
current derived in Box 1. The exponent primarily determines the capacitance, 
which is not a strong function of io. The resistance depends strongly on the 



BOX 2 
FIT TO A + B e a t  

T lAL ESTIMATE: A = I(tFINAL) 

CORRECTION: A1=I(tFINAL) - B e  ' Y t ~ ~ ~ ~ ~  

B' = I(t,) -- L( tF INAL  ) + B e a t ~ l ~ ~ ~  

REPEAT UNTIL CHANGE IN a IS SMALL 

TIME 



I BOX 3 

CALCULATION OF MATERIAL PARAMETERS R, C, AND 0 FROM 
FIT TO BACKCURRENT DATA AND INITIAL CONDITIONS 



BOX 4 

CHARGE AND ENERGY RELEASED IN AN ARC 

I TIME '2 

CHARGE RELEASED DURING ARC: 

ENERGY RELEASED DURING ARC: 



equilibrium leakage current (A, in the fit to the back current), which is 
linearly dependent on io. The backscattering-secondary-emission parameter 
depends on both A and B and is strongly dependent on io. Since io is the most 
difficult experimental parameter to control, the most uncertain parameter deter- 
mined is .@. It is important to realize that this sensitive exists, since the 
electron source depends on a tungsten filament. The weld holding the filament 
in place has on several occasions failed in a manner that increases the elec- 
tron flux by over an order to magnitude. In that case, if a value of B is 
known, it can be used to estimate'i ! 

0 

DETAILED EXPERIMENTAL RESULTS 

Teflon 

Tables 2 and 3 give some of the parameters calculated from back-current 
data for Teflon. Table 2 gives the parameters (A, B, and a) that describe the 
exponential decay of back current with time. Figure 4 shows back-current data 
for 5-keV electron beams on the 318 in. pinhole sample and the fit to it. The 
other fits shown in Table 2 are similar. Figure 5 shows two arcs for plain 
Teflon in a 20-keV beam. Table 3 lists the changes in back current observed 
for typical arcs on Teflon samples. 

As with most programs that survey a broad range of parameters, not all of 
the data is consistent. One particular example is the experiment with Teflon 
at 10 keV on 26 June. Notice the extremely high values of A, B, and a. During 
that experiment, the electron source apparently increased its current density. 
In later experiments, the values of A, B, and a were consistent with earlier 
experiments (28 June). Using the simple model discussed previously and normal- 
izing the current density by assuming that @ is the value from other experi- 
ments, the decay constant a can be calculated. This normalized a agrees with 
later experiments (28 June). This tends to confirm our high-current-density 
explanation of the 26 June experiment and the discussion of experimental 
uncertainties given earlier. 

Another interesting result of the fits made to the Teflon data is shown in 
Table 4. Here the resistances order the samples in the same way the arc 
energies do. 

Mirrors 

All the mirror samples were made from nine individual mirrors and associ- 
ated adhesives, grouting, etc. This configurational complexity results in a 
back current that is a complex function of time. Figure 6 shows the back cur- 
rent versus time for the plain quartz sample in a 10-keV beam; the data is very 
erratic. Modified and plain mirror back-current measurements also show this 
characteristic. However, the voltage buildup shown in Figure 7 is reasonably 
smooth and agrees with the initial rates calculated from the back-current data. 
The surface voltage measurement integrates over a large area compared with the 
edge of the mirrors and represents the charge buildup on the quartz surface. 



The back c u r r e n t ,  however, responds t o  c u r r e n t s  from any p a r t  of t he  sample, 
The s p u t t e r e d  edge and p l a i n  mirrors  have many remarkable s i m i l a r i t i e s  even 
though one a r c s  and t h e  o t h e r  does not.  

I n  F igure  6,  t h e  b e s t  f i t  t o  the back-current d a t a  of t h e  spu t t e r ed  edge 
sample a t  10 keV i s  a l s o  p l o t t e d .  Although i t  is gene ra l ly  h igher  than the  
p l a i n  mir ror  sample, t he  gene ra l  trend and o rde r  of magnitude i s  the  same. 

One d i f f e r e n c e  betweenthe modified and m o d i f i e d  m i r r o r s  i s  shown i n  
F igure  8, i n  which t h e  equi l ibr ium leakage c u r r e n t  is p l o t t e d  versus  t he  
equi l ibr ium s u r f a c e  p o t e n t i a l .  The numbers i n  parentheses  a r e  t he  beam v o l t -  
ages  a t  each poin t .  Although, i n  the normal qua r t z  con f igu ra t ion ,  t h e  leak- 
age inc reases  a s  t he  vo l t age  increases ,  t he  oppos i te  i s  t r u e  f o r  t he  modified 
sample. This impl ies  t h a t  t h e  conduction mechanism in t roduced  by modifying 
t h e  mi r ro r ' s  edges becomes l e s s  e f f e c t i v e  a s  t he  energy i s  increased.  

Kapton 

During t h i s  experimental  i nves t iga t ion ,  t h e  f i r s t  t e s t i n g  of t h i n  d i e l ec -  
t r i c  f i l m s  a t  low temperature w a s  performed. Two very  i n t e r e s t i n g  e f f e c t s  
were not iced.  F i r s t ,  t h e  back cu r ren t  of a  charged sample wi th  no e l e c t r o n  
beam i n c r e a s e s e x p o n e n t i a l l y  and then drops t o  a  low va lue  a s  t h e  temperature 
of t h e  sample i s  increased .  This  e f f e c t  may be due t o  t he  increased  number 
of s t a t e s  a v a i l a b l e  t o  t rapped e l e c t r o n s  a s  t h e  temperature r i s e s .  

Second t h e  back c u r r e n t  f o r  the p l a i n  Kapton sample behaves s t r a n g e l y  
when t h e  s a m p 1 e . i ~  i l l umina ted  by a f l a s h l i g h t .  F igure  9 shows t h e  normal 
back-current decay before  and during i l luminat ion .  The back c u r r e n t  i n c r e a s e s  
when the  f l a s h l i g h t  was turned on the sample. This i n d i c a t e s  t h a t  t h e  f l a sh -  
l i g h t  was d ischarg ing  the  sample. When the  l i g h t  was removed, charging 
appeared t o  cont inue a s  before.  We a c t u a l l y  used t h i s  e f f e c t  t o  de lay  a  
sample from arc ing .  

Before t hese  experiments,  only W l i g h t  was expected t o  be a b l e  t o  d i s -  
charge t h e  sample. During t h i s  i nves t iga t ion ,  f i l t e r s  t h a t  remove a l l  UV were 
used, bu t  t h e  e f f e c t  p e r s i s t e d .  This e f f e c t  might be used a s  a  r a d i a t i o n  
de t ec to r .  The frequency and i n t e n s i t y  response w i l l  depend on t h e  d i e l e c t r i c  
ma te r i a l s :  used, t h e i r  temperature and th ickness ,  t h e  e l e c t r o n  beam, and 
poss ib ly  o t h e r  f a c t o r s .  We in t end  t o  c h a r a c t e r i z e  t h i s  e f f e c t  f o r  Kapton and 
perhaps o t h e r  m a t e r i a l s  i n  t h e  fu ture .  



Table 1. Results of Electron-Beam Experiments 

TEFLON 

Plain 

Pinholes spaced at 318 in. 

Pinholes spaced at 118 in. 

Pattern of +x cut in at 
318 in. spacing 

Aluminum grid on front 
surface 

PAINT 

CTL- 15 

, S13G-Lo 

MIRRORS 

Plain 

.Conductive edge 1.0 mAlcm 2 

beam 

Conductive edge 2 nA/cm 2 

beam 

Conductive grout and carbon 
fibers 

LOW-TEMPERATURE KAF'TON 

Plain 

Aluminum grid 

ITO-COATED MATERIALS 

Mirrors 

Teflon 

Kap ton 

-- 

Beam Energy, 
keV 

Did Sample 
Arc? 

Yes 

Yes 

Yes 

Yes 

Yes 

No 

No 

Yes 

No 

Yes 

Yes 

Yes 

Yes 

No 

No 

No 

Calculated Energy 
for Largest Arc, 

mJ 

Surface Voltage, 
kV 



Table 2. Teflon Back Current  

Descr ip t ion  of Teflon Sample 

P l a i n  

P l a i n ;  i n i t i a l  vo l t age  = 2.6 kV 

P la in ;  a f t e r  charging i n  1 5  keV beam 

Plain;  a f t e r  a r c  

P inholes  spaced a t  318 in .  

Pinholes  spaced a t  318 i n .  ( t r o u b l e  
wi th  e l e c t r o n  source)  

P inholes  spaced a t  318 i n .  ( r epea t ,  
a f t e r  r e p a i r i n g  e l e c t r o n  source)  

S l i t s  118 i n .  long i n  + x p a t t e r n  a t  
318 in .  c e n t e r s  

Pinholes  spaced a t  118 i n .  

Aluminum g r i d  i n  hexangle p a t t e r n  

Date Equil ibr ium 
Leakage A, 

n A 

Back Current  

Displacement 
Current  B, 

n  A 

Decay -1 
Constant , min 



Table 3. Teflon Arcing Parameters (Worst Case) 

Sample 

Plain 20 keV 

318 in. pinholes 

118 in. pinholes 

+, x shaped pattern 

Grid 

Table 4. Calculated Resistances for 
Teflon Samples 

Sample 

Plain 

318 in. pinholes 

+, x shaped holes 

118 in. pinholes 



Figure 1. Experimental apparatus. 

Figure 2 .  Divergent electron source. 



Figure 3. Low temperature fixture. 

336 
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Figure 8. Contrast of standard edge and sputtered edge samples. 
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