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SUMMARY 

The c u r r e n t  c o n d u c t e d  t h r o u g h  a  d i e l e c t r i c ,  as  w e l l  as  
t h e  c h a r a c t e r i s t i c s  o f  a n y  a r c s ,  a r e  s i g n i f i c a n t l y  i n f l u e n c e d  by  
t h e  p r e s e n c e  of p u n c t u r e s  t h r o u g h  t h e  d i e l e c t r i c .  T h i s  p a p e r  p r e -  
s e n t s  a  t h e o r e t i c a l  mechanism t o  e x p l a i n  t h e  main  f e a t u r e s  o f  ex- 
p e r i m e n t s  w i t h  p u n c t u r e d  s p a c e c r a f t - t h e r m a l - b l a n k e t  materials.  
The model is based o n  c o n s i d e r a t i o n  o f  t h e  e l e c t r i c  f i e l d s  d e v e l -  
oped  a b o u t  p u n c t u r e s ;  t h e  f o c u s i n g  o f  p r i m a r y  e l e c t r o n s  toward  t h e  
p u n c t u r e s ;  t h e  g e n e r a t i o n ,  m i g r a t i o n ,  and  c a s c a d e  o f  s e c o n d a r y  
e l e c t r o n s  a long  t h e  s u r f a c e ;  and t h e  r a d i a t i o n  i n d u c e d  c o n d u c t i v -  
i t y  c h a r a c t e r i s t i c s  o f  t h i n  d i e l e c t r i c  f i l m s .  Q u a l i t a t i v e  p r e d i c -  
t i o n s  o f  t h e  model a g r e e  w i t h  e x p e r i m e n t  r e s u l t s .  

INTRODUCTION 

O b s e r v a t i o n  o f  d i s c h a r g e s  a t  d e f e c t s  or  e d g e s  o f  t h e r m a l  
b l a n k e t  m a t e r i a l s  exposed  t o  a n  e l e c t r o n  beam h a s  l e d  t h e  a u t h o r s  
t o  s t u d y  p i n h o l e s  as  a means o f  r e d u c i n g  p rob lems  a s s o c i a t e d  w i t h  
c h a r g i n g  o f  s p a c e c r a f t  d i e l e c t r i c s .  C u r r e n t  l e a k a g e  t h r o u g h  punc- 
t u r e s  i n  d i e l e c t r i c s  t o  a  c h a r g e d  c o n d u c t o r  b e n e a t h  h a s  been  a 
c o n c e r n  f o r  a number o f  y e a r s  ( r e f .  1 - 7 ) .  I n  1969 a n  anomalous ly  
h i g h  c u r r e n t  c o l l e c t i o n  a b i l i t y  o f  p i n h o l e s  i n  d i e l e c t r i c s  was 
f i r s t  r e p o r t e d  b y  S e l l e n  e t  a l .  ( r e f .  l ) ,  who were s t u d y i n g  t h e  e f -  
f e c t s  of  d r a i n a g e  c u r r e n t  t h r o u g h  s o l a r  c e l l  i n t e r c o n n e c t s  i n  ion-  
o s p h e r i c  ( 1 0 0  to  600 m i l e  a l t i t u d e )  p lasma.  P i n h o l e s  are s m a l l ,  
and i t  would be e x p e c t e d  t h a t  t h e  t r a p p i n g  o f  n e g a t i v e  c h a r g e  on  
t h e  d i e l e c t r i c  s u r f a c e  n e a r  p o s i t i v e l y  c h a r g e d  p i n h o l e s  would re- 
p e l ,  and t h e r e f o r e  r e d u c e ,  t h e  c o l l e c t i o n  o f  n e g a t i v e  c h a r g e  
( r e f .  6 ) .  

* T h i s  p a p e r  i s  b a s e d  i n  p a r t  upon work pe r fo rmed  a t  COMSAT Labora- 
t o r i e s  u n d e r  t h e  s p o n s o r s h i p  of  I n t e r n a t i o n a l  Te lecommunica t ions  
S a t e l l i t e  O r g a n i z a t i o n  (INTELSAT) and i n  p a r t  upon work pe r fo rmed  
a t  Hughes Research  L a b o r a t o r y  u n d e r  I n t e r n a l  R e s e a r c h  and Devel-  
opment f u n d s .  
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F i g u r e s  1 and 2  show some measurements  o f  p i n h o l e  c u r r e n t  
c o l l e c t i o n  f o r  p o s i t i v e l y  biased p i n h o l e s ,  a s  a  f u n c t i o n  o f  t h e  
a r e a  o f  t h e  d i e l e c t r i c  s u r f a c e  and t h e  a p p l i e d  v o l t a g e .  A t  l o w  
v o l t a g e s  ( t h e  c o n d u c t o r  b e n e a t h  t h e  p i n h o l e  se t  be low + l o 0 0  v o l t s )  
t h e  p i n h o l e  i s  e f f e c t i v e l y  s h i e l d e d  f rom t h e  p lasma a s  o r i g i n a l l y  
e x p e c t e d .  However, a s  t h e  v o l t a g e  i n c r e a s e s ,  t h e  c u r r e n t  col- 
l e c t e d  o n  t h e  c o n d u c t o r  e x c e e d s  t h a t  p r e d i c t e d  f rom s i m p l e  p r o b e  
t h e o r y  or  s i m p l e  e l ec t ros t a t i c  e f f e c t s  ( r e f .  6 ) .  The h i g h e r  t h a n  
e x p e c t e d  c u r r e n t  t h r o u g h  t h e  p i n h o l e  was t e n t a t i v e l y  a t t r i b u t e d  
t o  s u r f a c e  l e a k a g e  c u r r e n t s  n e a r  t h e  p i n h o l e .  E q u a l l y  u n u s u a l  
a r e  t h e  e f f e c t s  o f  t h e  s u r f a c e  a r e a  o f  t h e  spec imen  ( a  r i n g  o f  
d i e l e c t r i c  c o n c e n t r i c  a b o u t  a p i n h o l e ) .  The " e f f e c t i v e "  a r e a  o f  
c u r r e n t  c o l l e c t i o n  c a n  be as l a r g e  a s  t h e  s u r f a c e  o f  t h e  sample  
i t s e l f  ( r e f .  2 ) .  

EXPERIMENT 

The s i t u a t i o n  o f  a p o s i t i v e l y  c h a r g e d  p i n h o l e  i n  a  d i e l e c t r i c  
s u r r o u n d e d  by  a  n e u t r a l  p l a sma  ( a s  g e n e r a l l y  assumed i n  t h e  above  
r e f e r e n c e s )  is  somewhat s i m i l a r  t o  t h e  a u t h o r s t  c o n f i g u r a t i o n  o f  
a  g rounded  p i n h o l e  i n  a  d i e l e c t r i c  b e i n g  i r r a d i a t e d  w i t h  a n  elec- 
t r o n  beam. E x p e r i m e n t a l  r e s u l t s  p e r t a i n i n g  t o  p i n h o l e s  u sed  i n  
t h i s  way a r e  shown i n  f i g u r e s  3  and 4 and t a b l e  I .  ~ e t a i l s  o f  
t h e  e x p e r i m e n t  u sed  t o  o b t a i n  t h e  r e s u l t s  p r e s e n t e d  h e r e  a r e  g i v e n  
i n  R e f e r e n c e  8 .  I n  f i g u r e  3 a ,  t h e  d i e l e c t r i c  s u r f a c e  v o l t a g e  is  
p l o t t e d  v e r s u s  t h e  e l e c t r o n  beam e n e r g y  f o r  p l a n a r  Kapton and  
Kapton w i t h  p i n h o l e s .  A t  beam e n e r g i e s  u p  t o  8 keV, t h e r e  i s  n o  
s i g n i f i c a n t  d i f f e r e n c e  i n  e q u i l i b r i u m  v o l t a g e .  Above 1 0  keV, 
f u r t h e r  c h a r g i n g  o f  t h e  p u n c t u r e d  Kapton is p r e v e n t e d  b y  a r c s .  
S i m i l a r  r e s u l t s  below 1 0  keV f o r  T e f l o n  a r e  shown i n  f i g u r e  3b. 
The l e a k a g e  c u r r e n t  a s  a  f u n c t i o n  o f  t h e  number o f  p i n h o l e s  is 
shown i n  f i g u r e  4 .  T a b l e  I c o n t r a s t s  t h e  a r c  e n e r g i e s  f o r  p l a n a r  
T e f l o n  and p i n h o l e d  T e f l o n .  

I n  t h e  d i s c u s s i o n  t h a t  f o l l o w s ,  t h e  p u n c t u r e d  s t r u c t u r e  w i l l  
be  compared w i t h  a n  i d e n t i c a l  p l a n a r  s t r u c t u r e  t h a t  h a s  n o t  been  
so a l t e r e d .  The i n f l u e n c e  on  e x p e r i m e n t a l  measu remen t s  o f  s u r f a c e  
p o t e n t i a l  and c u r r e n t  c o l l e c t e d  by  t h e  m e t a l  b a c k  w i l l  be c o n s i d -  
e r e d  a s  a  f u n c t i o n  o f  h o l e  d e n s i t y .  The p r o b a b i l i t y  and n a t u r e  

. o f  s u r f a c e  d i s c h a r g e s  w i l l  b e  c o n t r a s t e d  f o r  t h e  t w o  s t r u c t u r e s .  

THEORY 

The s t r u c t u r e  c o n s i d e r e d  is a h o l e  punched t h r o u g h  a  d i e l e c -  
t r i c  s h e e t  ( v e r y  l a r g e  compared t o  t h e  p i n h o l e )  f rom t h e  m e t a l  
c o a t e d  s i d e .  The c o n d i t i o n s  i n c l u d e  a  m o n o e n e r g e t i c  e l e c t r o n  beam 
n o r m a l l y  i n c i d e n t  o n  t h e  d i e l e c t r i c  s u r f a c e  w i t h  t h e  m e t a l  l a y e r  
g rounded .  I n t e r a c t i o n  of  t h e  beam w i t h  t h e  s t r u c t u r e  and  deve lop -  
ment  o f  p o t e n t i a l s ,  e l e c t r i c  f i e l d s ,  and c u r r e n t s  i n  and a round  
t h e  d i e l e c t r i c  a d j a c e n t  t o  t h e  h o l e  w i l l  b e  d i s c u s s e d .  



Charg ing  o f  P l a n a r  Samples  

An e l e c t r o n  beam, i n c i d e n t  on a  p l a n a r  d i e l e c t r i c ,  w i l l  gen-  
e r a t e  e l e c t r o n - h o l e  p a i r s  and d e p o s i t  n e g a t i v e  c h a r g e  up t o  t h e  
e l e c t r o n  r ange  i n  t h e  m a t e r i a l .  T h i s  n e g a t i v e  c h a r g e  w i l l  elec- 
t r o ~ t a t ~ c a l l y  d r i v e  e l e c t r o n s  f rom t h e  m e t a l  b a c k i n g  t o  g r o u n d ,  
l e a v i n g  a p o s i t i v e  c h a r g e  a t  t h e  m e t a l - d i e l e c t r i c  i n t e r f  a c e .  The 
e l e c t r i c  f i e l d  g e n e r a t e d  between t h e  n e g a t i v e  f r o n t  s u r f a c e  volume 
and t h e  p o s i t i v e  back  l a y e r  w i l l  p o l a r i z e  t h e  d i e l e c t r i c  and  
d i r e c t  t h e  o t h e r w i s e  random mot ion  o f  t h e r m a l l y  g e n e r a t e d  mobile 
c h a r g e  c a r r i e r s  i n  t h e  b u l k  and o f  r a d i a t i o n  induced  c h a r g e  car- 
riers i n  t h e  i r r a d i a t e d  volume. 

Charg ing  w i l l  c o n t i n u e  u n t i l  s t e a d y  s t a t e  is e s t a b l i s h e d  be- 
tween t h e  incoming e l e c t r o n  beam, s e c o n d a r y  and b a c k s c a t t e r e d  
e l e c t r o n s ,  and c a r r i e r  m i g r a t i o n  t h r o u g h  t h e  b u l k  and s u r f a c e  
l a y e r  o f  t h e  d i e l e c t r i c .  A t  s t e a d y  s t a t e ,  s i n c e  t h e  s u r f a c e  po- 
t e n t i a l  w i l l  g e n e r a l l y  be w i t h i n  s e v e r a l  k i l o v o l t s  o f  t h e  beam 
e n e r g y ,  t h e  beam w i l l  n o t  p e n e t r a t e  a s  d e e p l y  a s  i n i t i a l l y .  
T h e r e f o r e ,  c h a r g e  r e d i s t r i b u t i o n  w i t h i n  t h i s  s u r f a c e  l a y e r  c o u l d  
be  c o n s i d e r a b l e ;  however,  m o s t  o f  t h e  c h a r g e ,  p r i o r  t o  s t e a d y  
s t a t e ,  w i l l  m i g r a t e  toward  t h e  back  s u r f a c e .  Near  s t e a d y  s t a t e ,  
t h e  s e c o n d a r y  e m i s s i o n  c o e f f i c i e n t  a p p r o a c h e s  1, and mos t  o f  t h e  
newly d e p o s i t e d  e l e c t r o n s  m i g r a t e  toward  t h e  f r o n t  s u r f a c e  r a t h e r  
t h a n  toward  t h e  back.  ( T h i s  m i g r a t i o n  toward  t h e  f r o n t  s u r f a c e  
is  a  consequence  o f  a n  e l e c t r i c  f i e l d  g e n e r a t e d  by t h e  p o s i t i v e  
c h a r g e  r ema in ing  o n  t h e  f r o n t  s u r f a c e  when s e c o n d a r y  e l e c t r o n s  
a r e  knocked o f f  by i n c i d e n t  e l e c t r o n s ,  and by t h e  e l e c t r o n s  
t r a p p e d  d e e p e r  i n  t h e  d i e l e c t r i c . )  

Cha rg ing  o f  P u n c t u r e d  Samples  

I f  t h e  unbounded s u r f a c e  d e s c r i b e d  above  is p u n c t u r e d ,  t h e n  
a  ground p o i n t  is e s t a b l i s h e d  on  t h e  f r o n t  s u r f a c e  and  s t e a d y  
s t a t e  c o n d i t i o n s  a r e  m o d i f i e d  s i g n i f i c a n t l y  i n  t h e  v i c i n i t y  o f  t h e  
h o l e .  I n i t i a l  c h a r g i n g  c o n d i t i o n s  are n o t  much a l t e r e d  u n t i l  t h e  
s u r f a c e  p o t e n t i a l  b e g i n s  t o  a p p r o a c h  a h i g h  n e g a t i v e  s t e a d y  s t a te  
v a l u e .  A s  t h e  s u r f a c e  p o t e n t i a l  away from t h e  h o l e  becomes more 
n e g a t i v e  and s e c o n d a r y  e m i s s i o n  i n c r e a s e s ,  t h i s  r e g i o n  c o n t r i b u t e s  
l e s s  and less t o  t h e  c u r r e n t  b e i n g  c o l l e c t e d  a t  t h e  back  s u r f a c e .  
The s u r f a c e  i n  t h e  immediate  v i c i n i t y  o f  t h e  h o l e  m a i n t a i n s  a 
lowef s e c o n d a r y  e m i s s i o n  b e c a u s e  it is s t i l l  close t o  g round  po- 
t e n t i a l .  The n e a r  ground p o t e n t i a l  is m a i n t a i n e d  by  s u r f a c e  con- 
d u c t i v i t y  enhanced by t e r t i a r y  e m i s s i o n  ( e l e c t r o n s  knocked from 
t h e  s u r f a c e  by s e c o n d a r y  e l e c t r o n s )  and  h a s  s e v e r a l  i n f l u e n c e s :  

a .  t h e  beam i n c i d e n t  i n  t h a t  a r e a  p e n e t r a t e s  a s  d e e p l y  as 
a t  i n i t i a t i o n  o f  c h a r g i n g ,  and w i t h  t h e  much lower s e c o n d a r y  emis- 
s i o n  o f  t h e  i n i t i a l  c o n d i t i o n s ;  

b. t h e  i n c i d e n t  beam is f o c u s e d  toward  t h e  h o l e  by  t h e  l o w  
p o t e n t i a l ;  and 



c. t h e  s t r o n g  p o t e n t i a l  g r a d i e n t  o n  t h e  s u r f a c e  a p p r o a c h i n g  
t h e  h o l e  a c t s  a s  a n  e l e c t r o n  m u l t i p l i e r ,  t h e r e b y  t r a n s p o r t i n g  a  
d i s p r o p o r t i o n a t e  number o f  e l e c t r o n s  t o  t h e  g round  p l a n e .  

The e f f e c t  i n  e a c h  c a s e  is a n  i n c r e a s e  i n  t h e  e l e c t r o n  c u r r e n t  
c o l l e c t e d  o n  t h e  back  p l a t e  ( f i g u r e  4 ) ;  i n  f a c t ,  t h e  c u r r e n t  den- 
s i t y  c o l l e c t e d  by t h e  h o l e  and i ts immediate  s u r f a c e  a r e a  may be 
2 or 3 o r d e r s  of magni tude  h i g h e r  t h a n  t h a t  e x p e c t e d  f rom t h e  a r e a  
o f  t h e  p i n h o l e  a l o n e  o r  t h a n  t h a t  m i g r a t i n g  t h r o u g h  a n  e q u i v a l e n t  
b u l k  o f  t h e  d i e l e c t r i c .  

The local  p o t e n t i a l s  a r e  use£ u l  i n  d e s c r i b i n g  t h e  c h a r g e  
and d i s c h a r g e  phenomena i n  t h e  v i c i n i t y  o f  a  h o l e .  F i g u r e  5 il- 
l u s t r a t e s  t h e  p o t e n t i a l  w e l l  i n  which  s e c o n d a r y  e l e c t r o n s  a r e  
t r a p p e d  a n d ,  a l o n g  w i t h  t h e  t e r t i a r i e s ,  c o l l e c t e d  by  t h e  ground 
p l a n e  i n  a  h o l e .  T h i s  f i g u r e  a l s o  i n d i c a t e s  t h a t  h o l e s  r e d u c e  
t h e  s u r f a c e  p o t e n t i a l  i n  o n l y  a  s m a l l  a r e a  a b o u t  t h e  h o l e ;  t h e r e -  
f o r e ,  a v e r y  l a r g e  h o l e  d e n s i t y  is r e q u i r e d  t o  a l t e r  t h e  g e n e r a l  
s u r f a c e  p o t e n t i a l  measured o n l y  a  s m a l l  d i s t a n c e  f rom t h e  
d i e l e c t r i c .  

D i s c h a r g e s  i n  Die lec t r ics  

High e n e r g y  e l e c t r o n s  f o c u s e d  and  i n c i d e n t  on  t h e  a r e a  a b o u t  
t h e  h o l e  g e n e r a t e  a  h i g h  d e n s i t y  o f  carr iers  a t  a d e p t h  g r e a t e r  
t h a n  t h a t  i n  t h e  p l a n a r  a r e a s .  S i n c e  t h e  p o t e n t i a l  i s  a l so  much 
l e s s  n e g a t i v e  n e a r  t h e  h o l e ,  t r a n s v e r s e  s u r f a c e  f i e l d s  w i l l  be much 
g r e a t e r  and t h e  c o n s e q u e n t  s u r f a c e  and s u b s u r f a c e  c u r r e n t  d e n s i t i e s  
w i l l  be h i g h e r  t h a n  f o r  n o n a d j a c e n t  r e g i o n s .  I f  h o l e s  i n  t h e  d i -  
e l ec t r i c  a r e  formed by m e c h a n i c a l l y  punching  t h r o u g h  from t h e  
m e t a l  l a y e r  s i d e ,  t h e n  t h e  m e t a l  w i l l  p r o b a b l y  emerge t h r o u g h  t h e  
deformed d i e l e c t r i c  i n  s u c h  a  manner a s  t o  i n t e r s e c t  t h e  h e a v i l y  
i r r a d i a t e d  r e g i o n  ( f i g u r e  6 ) .  The r a d i a t i o n  induced  c o n d u c t i v i t y  
(RIC) would t h e n  be  f i e l d  enhanced t o  p r o p e l  e l e c t r o n s  t h r o u g h  
t h e  d i e l e c t r i c  toward  t h e  emergent  m e t a l .  I f  s u c h  c u r r e n t s  happen 
t o  f i n d  o r  g e n e r a t e  a  p r e f e r r e d  p a t h ,  ohmic h e a t i n g  (wh ich  w i l l  
i n c r e a s e  c o n d u c t i v i t y )  and  t h e r m a l  runaway c o u l d  r e s u l t  i n  a n  
e l e c t r i c  d i s c h a r g e  a c r o s s  o r  under  t h e  s u r f a c e  n e a r  t h e  h o l e .  

S i n c e  t h e  d i s c h a r g e  mode is f o r  t r a p p e d  e l e c t r o n s  g o i n g  t o  
g r o u n d ,  a  n e g a t i v e  p u l s e  i s  e x p e c t e d .  The l o w  e n e r g y  n e g a t i v e  
component o f  t h i s  d i s c h a r g e  would be  c o n f i n e d  t o  t h e  v i c i n i t y  o f  
t h e  h o l e  ( a n d  c o l l e c t e d  a t  t h e  g r o u n d )  e x c e p t  t o  t h e  e x t e n t  t h a t  
t h e  s t e a d y  s t a t e  p o t e n t i a l  i s  d i s r u p t e d  by  t h e  p lasma g e n e r a t e d  
by  t h e  d i s c h a r g e .  However, some e l e c t r o n s  would e s c a p e  and  con- 
s t i t u t e  a  p o s i t i v e  p u l s e  as viewed from t h e  m e t a l  back .  The pos-  
i t i v e  i o n s  c r e a t e d  i n  t h e  plasma formed by  t h e  a r c  i n  t h e  h o l e  
w i l l  be a c c e l e r a t e d  away from t h e  h o l e ;  most w i l l  g o  i n t o  s p a c e ,  
b u t  many w i l l  r e t u r n  t o  t h e  n e g a t i v e l y  c h a r g e d  s u r f a c e  away from 
t h e  h o l e .  P o s i t i v e  i o n s  r e t u r n i n g  t o  t h e  s u r f a c e  w i l l  g e n e r a t e  



s e c o n d a r y  e l e c t r o n s ,  mos t  o f  which w i l l  e s c a p e  ( a d d i n g  t o  t h e  t a i l  
o f  t h e  e l e c t r o n  p u l s e ) ,  b u t  many of  which w i l l  f i n d  t h e i r  way t o  
t h e  h o l e  r e g i o n  and c o n t r i b u t e  t o  t h e  t e r t i a r y  e l e c t r o n  c a s c a d e  
a c r o s s  t h e  s u r f a c e  toward  t h e  ground p l a n e .  The r e s u l t a n t  c u r r e n t  
o b s e r v e d  o n  t h e  back  m e t a l  c o n t a c t  would be  a  f a s t ,  r i n g i n g  p u l s e  
w i t h  l i t t l e  e n e r g y  c o n t e n t .  

Two t y p e s  of  d i s c h a r g e  a r e  p o s s i b l e  i n  p l a n a r  d i e l e c t r i c s .  
The f i r s t  i s  a  d i s c h a r g e  Trom t h e  s t o r e d - c h a r g e  r e g i o n s  b e n e a t h  
t h e  s u r f a c e  t o  t h e  m e t a l  b a c k i n g .  The e n e r g y  l i b e r a t e d  i n  t h e  
d i s c h a r g e  w i l l  v a p o r i z e  m a t e r i a l ,  which o f t e n  b l a s t s  t h r o u g h  t h e  
f r o n t  s u r f a c e  as w e l l  a s  t h e  back .  I f  t h i s  d i s c h a r g e  d o e s  n o t  
e r u p t  t h rough  t h e  f r o n t  s u r f a c e ,  t h e  n e g a t i v e  p u l s e  s e e n  i n  t h e  
g round  l i n e  w i l l  be  v e r y  s m a l l  s i n c e  c h a r g e  r e d i s t r i b u t i o n  i s  n o t  
g r e a t .  I f ,  however,  t h e  d i s c h a r g e  d o e s  e r u p t  t h r o u g h  t h e  f r o n t  
s u r f a c e ,  t h e n  a l a r g e  e l e c t r o n  c o n c e n t r a t i o n  w i l l  be  a c c e l e r a t e d  
away from t h e  s u r f a c e  and c r e a t e  a  s t r o n g  p o s i t i v e  p u l s e  i n  t h e  
ground l i n e .  P o s i t i v e  i o n s  ( f r o m  t h e  p lasma c a u s e d  by  t h e  d i s -  
c h a r g e )  f a l l i n g  back  on t h e  n e g a t i v e l y  c h a r g e d  s u r f a c e  w i l l  gen- 
e r a t e  a  l a r g e  number of s e c o n d a r y  e l e c t r o n s  which,  when a l s o  
a c c e l e r a t e d  away, c o u l d  i n c r e a s e  b o t h  t h e  i n t e n s i t y  and d u r a t i o n  
o f  t h e  p o s i t i v e  p u l s e .  The p r e s e n c e  o f  a  h o l e  i n  t h e  d i e l e c t r i c  
w i l l  r e d u c e  t h e  p r o b a b i l i t y  o f  a  d i s c h a r g e  t o  t h e  m e t a l  l a y e r  i n  
a  p l a n a r  r e g i o n  s i n c e  a  d i s c h a r g e  is more l i k e l y  t o  o c c u r  a t  t h e  
h o l e .  A s  d e s c r i b e d  above ,  a  d i s c h a r g e  n e a r  a  h o l e  p r o d u c e s  a  
ground p u l s e  which i s  n o t  v e r y  l a r g e .  Once o c c u r r i n g ,  i t  r e d u c e s  
t h e  n e g a t i v e  s u r f a c e  p o t e n t i a l  t o  some e x t e n t  o v e r  mos t  o f  t h e  d i -  
e l e c t r i c ,  a s  a  resul t  o f  p o s i t i v e  i o n  r e t u r n  and t e r t i a r y  e m i s s i o n .  

The second t y p e  of  d i s c h a r g e  p o s s i b l e  i n  p l a n a r  d i e l e c t r i c s  
is a  s u r f a c e  d i s c h a r g e  r e s u l t i n g  f rom a n  e d g e ,  a n  anomaly,  a  b i -  
l a y e r  ( r e f .  g ) ,  o r  some o t h e r  mechanism. I f  t h i s  d i s c h a r g e  cre- 
a t e s  a plasma o n  t h e  s u r f a c e ,  which is  t h e n  c h a r g e  s e p a r a t e d  by 
t h e  s u r f a c e  f i e l d s ,  a l a r g e  p u l s e  w i l l  r e s u l t  f rom t h e  i n i t i a l  
f l u x  o f  e l e c t r o n s  ( s e p a r a t e d  from t h e  p l a s m a )  d r i v e n  o f f  and f o l -  
lowed by  t h e  s e c o n d a r y  e l e c t r o n s  g e n e r a t e d  by t h e  r e t u r n i n g  i o n s .  
Again ,  o n  a  p i n h o l e  sample  t h i s  t y p e  o f  d i s c h a r g e  c a n  o c c u r  away 
from a  h o l e ,  b u t  is l e s s  l i k e l y  t o  d o  so b e c a u s e  o f  t h e  lower a r c -  
i n g  t h r e s h o l d  n e a r  a  h o l e .  

A m a j o r  p o i n t  to  be  emphas ized  is t h a t  a  d i s c h a r g e  a t  o r  n e a r  
a  p i n h o l e  i s  s i g n i f i c a n t l y  a l t e r e d  by  t h e  p r e s e n c e  o f  t h i s  "ground"  
and i t s  a s s o c i a t e d  e l e c t r i c  f i e l d s .  A l a r g e  p e r c e n t a g e  o f  elec- 
t r o n s  ( p a r t i c u l a r l y  t h e  s l o w  o n e s ) ,  t h a t  would o t h e r w i s e  e s c a p e  
from t h e  s u r f a c e  and c o n t r i b u t e  t o  t h e  p o s i t i v e  ground p u l s e ,  a r e  
c o l l e c t e d  by t h e  p i n h o l e ,  and o n l y  n e u t r a l i z e  t h e i r  image c h a r g e .  
The c u r r e n t  p u l s e s  induced  by d i s c h a r g e s  n e a r  a  h o l e  a r e  t h e r e f o r e  
much s m a l l e r  and  f a s t e r  t h a n  would b e  e x p e c t e d  f rom a  p l a n a r  s u r -  
f a c e .  Hence,  u se  of p i n h o l e s  i n  d i e l e c t r i c s  c a n  l o w e r  t h e  impac t  
o f  s u r f a c e  d i s c h a r g e s  on a  s p a c e c r a f t  by r e d u c i n g  t h e  e n e r g y  o f  a  
d i s c h a r g e  ( t a b l e  I ) ,  and by r e d u c i n g  t h e  magn i tude  o f  t h e  d i s -  
p l a c e m e n t  c u r r e n t .  



The c u r r e n t  c o l l e c t e d  by t h e  metal b a c k  c a n  be domina t ed  by  
t h e  r e g i o n s  a s s o c i a t e d  w i t h  t h e  h o l e s  ( a s  d e s c r i b e d  a b o v e )  and  
t h e r e f o r e  t h i s  "back"  c u r r e n t  s h o u l d  be  p r o p o r t i o n a l  t o  t h e  number 
o f  h o l e s  i n  t h e  s ample .  Edge l e a k a g e  c o u l d  i n t e r f e r e  w i t h  t h i s  
p r o p o r t i o n a l i t y  u n t i l  t h e  h o l e  c u r r e n t s  d o m i n a t e  e d g e  l e a k a g e  o r  
u n l e s s  t h e  e d g e s  a r e  s h i e l d e d  o r  " g u a r d e d "  w i t h  a  h i g h  v o l t a g e  
r i n g  t o  p r e v e n t  c u r r e n t  f l o w  around  t h e  e d g e  t o  g round .  When t h e  
p i n h o l e s  e x c e e d  some c o n c e n t r a t i o n ,  t h e  b a c k  c u r r e n t  w i l l  b e g i n  
t o  s a t u r a t e  a s  i n d i v i d u a l  " d r a i n a g e "  p a t t e r n s  b e g i n  t o  o v e r l a p .  

CONCLUSIONS 

A model d e s c r i b i n g  t h e  c h a r g i n g  and d i s c h a r g i n g  o f  p u n c t u r e d  
d i e l e c t r i c s  exposed  t o  a n  e l e c t r o n  beam h a s  been  p roposed  t o  ex- 
p l a i n  t h e  e x p e r i m e n t a l l y  o b s e r v e d  r e d u c t i o n  i n  s u r f a c e  p o t e n t i a l s  
and  i n  d i s c h a r g e  e n e r g i e s  as compared t o  n o n p u n c t u r e d  d i e l e c t r i c s .  
T h i s  model l e a d s  t o  t h e  f o l l o w i n g  p r e d i c t i o n s  f o r  m e t a l  c o a t e d  
d i e l e c t r i c s  w i t h  h o l e s  punched t h r o u g h  f rom t h e  m e t a l  back :  

a .  High s u r f a c e  p o t e n t i a l s  ( u p  t o  t h e  breakdown l e v e l )  w i l l  
s t i l l  o c c u r  o v e r  most o f  t h e  d i e l e c t r i c .  A s u r f a c e  p o t e n t i a l  p r o b e  
s h o u l d  show d i p s  when i t  t r a v e r s e s  h o l e s  o n l y  i f  i t s  s e n s o r  is 
c l o s e  enough  t o  t h e  s u r f a c e .  Only when t h e  h o l e  d e n s i t y  becomes 
v e r y  h i g h  w i l l  t h e  measu red  s u r f a c e  p o t e n t i a l  show s i g n i f i c a n t  
d e c r e a s e .  

b. C u r r e n t  c o l l e c t e d  from t h e  back  m e t a l  l a y e r  w i l l  b e  
p r o p o r t i o n a l  t o  t h e  h o l e  d e n s i t y  o v e r  a  l a r g e  r a n g e  i f  e d g e  e f -  
f e c t s  are removed and  t h e  h o l e  a r e a  is n o t  much less  t h a n  a b o u t  
0 . 1  p e r c e n t  o f  t h e  measured  a r e a .  

c. D i s c h a r g e s  a r e  more l i k e l y  t o  i n i t i a t e  a t  t h e  h o l e  re- 
g i o n s ,  and t h e r e b y  r e d u c e  t h e  p r o b a b i l i t y  o f  d i s c h a r g e s  o c c u r r i n g  
e l s e w h e r e .  The o b s e r v e d  d i s c h a r g e  image o n  t h e  "back"  c u r r e n t  
m o n i t o r  w i l l  be  f a s t e r  and much s m a l l e r  f o r  a  d i s c h a r g e  n e a r  a  
h o l e  t h a n  f o r  a  d i s c h a r g e  on a n  u n m o d i f i e d  p l a n a r  sample .  

T h i s  a n a l y s i s  p e r t a i n s  t o  a  l a b o r a t o r y  e n v i r o n m e n t ,  and m u s t  
be  a l t e r e d  f o r  a d i e l e c t r i c  i n  a  " h o t "  s p a c e  p l a sma ,  where  t h e  
i s o t r o p i c  e n e r g y  s p e c t r u m  w i l l  smear  o u t  t h e  c h a r g e  d e p o s i t i o n  i n  
t h e  s u r f a c e  l a y e r  and g r e a t l y  enhance  t h e  s p a c e  c h a r g e  beyond t h e  
s u r f a c e .  However, t h e  mechanisms f o r  i n i t a t i n g  d i s c h a r g e s  and 
r e d u c i n g  t h e i r  i m p a c t  by  t h e  p r e s e n c e  o f  p u n c t u r e s  s h o u l d . . r e m a i n  
v a l i d  and t h e r e f o r e  i m p o r t a n t  a s  a means o f  c h a r g e  c o n t r o l  i n  
d i e l e c t r i c s .  
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Table  I .  ENERGY REMOVED DURING DISCHARGES IN 
TEFLON AS A FUNCTION OF PINHOLE DENSITY 

Sample Beam Energy Arc Energy S u r f a c e  V o l t a g e  
( k e v )  (mJ) (kV) 

P l a i n  20 1 5 0  
P i n h o l e s  a t  3 /8 - in .  10 8 0 

Spacing 
P i n h o l e s  a t  1 / 8 - i n .  10  20 

Spacing 



Figure  1. Pinhole  C o l l e c t i o n  Current  a s  a  Funct ion of  P o s i t i v e  
Applied Voltage.  Experimental  d a t a  f o r  a p inho le  ( s o l i d c u r v e )  

a r e  compared t o  s imple  probe theory  f o r  a  sphe re  (dashed 
cu rve )  ( r e f .  1) 
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SURFACE 

Figure  2.  P inhole  Cur ren t  as a  Funct ion of Applied Vol tage f o r  
Two D i e l e c t r i c  Surface  A r e a s  ( r e f .  1) 
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F i g u r e  3 .  Dielectric S u r f a c e  V o l t a g e  v e r s u s  B e a m  Energy f o r  
P l a n a r  and P u n c t u r e d  Samples of  Kapton ( A )  and  T e f l o n  ( B )  
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Figure  5. Equ ipo ten t i a l  Sur faces  above a  P inhole  through 
a  Metal Backed D i e l e c t r i c  
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Figure 6. Idealized Structure of a Pinhole Showing the 
Range of Electrons Prior to Charging and at 
Equilibrium (left side) 
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