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The electrostatic charging and discharging of Kapton when irradiated with 
mono-energetic electrons of 5 to 30 keV energy has been studied. The leakage 
currents and rates of discharging always increased with the incident electron 
energy and flux, whereas the surface voltage showed a more complex behaviour 
depending on the thickness of the material: for the thinner films it exhibited 
a maximum and then fell at higher energies. The surface voltage, the rate of 
discharging, and the peak current and total charge flow during a discharge were 

0 enhanced as the temperature was decreased from +70 C to -180°c, and were 
accompanied by a decreasing leakage current, Visible light or the presence of 
an aluminium coating on the irradiated surface caused reductions in the surface 
voltage and changes in the discharging characteristics. The results of these 
investigations are discussed in terms of the leakage currents and the secondary 
emission of electrons. Photomicrographs taken after irradiation, and photo- 
graphs of samples during irradiation, have shown good correlations between the 
positions of light flashes and of pinholes produced by the discharge arcs. 

INTRODUCTION 

Kapton film is widely used on geostationary satellites as the outer layer 
of passive thermal control systems, and as a substrate for flexible solar 
arrays, in which the solar cells are mounted on a single sheet of the polyimide 
film having an area of several square metres (ref. 1). Since the exposed 
dielectric can be of large area, is relatively thin, and usually has a conduc- 
tive backing, large capacitances exist, which under the conditions prevailing 
in geosynchronous orbit and in the absence of sunlight, can become electro- 
statically charged during geomagnetic substorms and result in arc discharges. 

Many aspects of the charging and discharging of various dielectrics have 
been reported ('ref. 2), but there is a sparsity of data obtained by varying a 
wide range of irradiation parameters under identical experimental conditions. 
Such data has been obtained for Kapton as part of a materials characterisation 
programme, and is reported here to provide additional information for testing 
the validity of models for the mechanism of dielectric discharging. Very few 
observations exist of the effect of temperature on the surface voltage and 
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d i scha rg ing  a c t i v i t y  of Kapton, and t h i s  parameter has  t h e r e f o r e  been s tud ied  
i n  some d e t a i l .  The s u r f a c e  p o t e n t i a l  of a d i e l e c t r i c  m a t e r i a l  exposed t o  
s o l a r  r a d i a t i o n  may be  l a r g e l y  determined by photoemission of e l e c t r o n s  ( r e f . 3 )  
and by thermal e f f e c t s ,  however, v i s i b l e  l i g h t  may make a c o n t r i b u t i o n  and t h e  
s i g n i f i c a n c e  of t h i s  has  been demonstrated i n  t h e  absence of t h e  o t h e r  two 
f a c t o r s .  Conductive coa t ings  such as  indium-tin oxide can e l imina te  t h e  d i s -  
charging problem wi th  d i e l e c t r i c s  ( r e f . 4 ) ,  and observa t ions  of  t h e  e f f e c t  of a 
conduct ive (aluminium) coa t ing  on the s u r f a c e  vo l t age  and leakage c u r r e n t s  i n  
i r r a d i a t e d  Kapton have t h e r e f o r e  been included i n  t h e  present  s tudy.  

EXPERIMENTAL TECHNIQUE 

The equipment used f o r  t h i s  work ( f ig .1 )  was based on a 0.5 a diameter  
vacuum chamber, ope ra t ing  a t  a pressure  of % 2 x loF7 t o r r ,  i n  which samples 
could be  i r r a d i a t e d  wi th  mono-energetic e l e c t r o n s  a t  temperatures from 25' t o  
75 '~ ,  o r  a t  about - 1 8 0 ~ ~ .  The e l ec t ron  energ ies  were i n  t he  range 3 t o  30 keV, 
and t h e  beam f l u x  was from 0.02 t o  35 n ~ . c m ' ~ .  The samples u s u a l l y  cons i s t ed  
of 140 nun diameter c i r c l e s  of Kapton type  H f i l m  having p r o j e c t i o n s  f o r  e lec-  
t r i c a l  connect ions ( f i g . 2 ) .  A cen t r a l  c u r r e n t  c o l l e c t o r  (101 mm d i a .  i n  
"standard" samples) and a concen t r i c  guard r i n g  of  aluminium were vapour 
depos i ted  on t h e  lower su r f ace ,  and subsequently sprayed w i t h  an  i n s u l a t i n g  
coa t ing .  To f a c i l i t a t e  h e a t  t r a n s f e r  t h e  samples were secured on t h e  sample 
ho lde r  w i th  a s i l i c o n e  encapsulant  (Dow Corning 93-500) used a s  a low bond 
s t r e n g t h  adhesive. The e l e c t r o n  beam uni formi ty  over t h e  i r r a d i a t e d  zone of 
111 m diameter  was + 30%. - 

During i r r a d i a t i o n  t h e  leakage cur ren t  from t h e  c e n t r a l  c o l l e c t o r  t o  e a r t h  
was measured wi th  an  e lec t rometer  (Keithley, model 610C), t he  ou tpu t  of which 
was d isp layed  on a c h a r t  recorder  t o  show t h e  frequency of  d i scharges .  The 
pu l se  c h a r a c t e r i s t i c s  were monitored wi th  a f a s t  c u r r e n t  probe (Tektronix,  type  
P6303) i nduc t ive ly  coupled t o  t h e  lead from t h e  sample t o  the  e lec t rometer .  
The output  of t h e  probe ampl i f i e r  was d isp layed  on a 100 MHz s t o r a g e  o s c i l l o -  
scope (Tektronix,  type  466) so t h a t  pulses  could be photographed f o r  measure- 
ment of peak c u r r e n t ,  p u l s e  dura t ion ,  and t h e  a r e a  beneath t h e  t r a c e ,  which 
g ives  t h e  t o t a l  charge flowing during a d ischarge .  

The su r f ace  v o l t a g e  p r o f i l e  of  the top s u r f a c e  of t h e  samples was measured 
dur ing  i r r a d i a t i o n  by a non-contacting e l e c t r o s t a t i c  vo l tmeter  (Trek, model 
340HV) equipped w i t h  a probe ( type  4031s) having a vo l t age  sens ing  a p e r t u r e  of 
0.5 mm diameter.  This  was swept, about 3 mm above t h e  sample su r f ace ,  a c r o s s  a 
diameter  of t h e  sample i n  12 seconds, and operated a t  t h e  p o t e n t i a l  it was 
measuring, thus  avoiding d i s t o r t i o n  of t h e  s u r f a c e  v o l t a g e  and t h e  r i s k  of 
d i scha rges  between t h e  probe and t h e  sample. The output  of t h e  probe was n o t  
a f f e c t e d  by t h e  e l e c t r o n  beam. 

The e lec t romagnet ic  r a d i a t i o n  assoc ia ted  w i t h  t h e  c u r r e n t  d i scha rges  was 
monitored wi th  a c i r c u l a r  loop antenna mounted i n  t h e  vacuum chamber, The 
v o l t a g e  induced i n  t h i s  loop by discharges was d isp layed  on a second i d e n t i c a l  
o sc i l l o scope .  For t h e  p a r t i c u l a r  components employed t h i s  system gave r e l a t i v e  
measurements of t h e  e lec t romagnet ic  s igna l  a t  20 NHz. 



Visual  and photographic observa t ion  of samples dur ing  i r r a d i a t i o n  was made 
through a  p o r t  i n  t he  vacuum chamber, 

IRRADIATION OF KAPTON - RESULTS AND DISCUSSION 

Surface Voltage and Leakage Current  

Measurement of v o l t a g e  p r o f i l e s  a c r o s s  t h e  s u r f a c e  of Kapton dur ing  
i r r a d i a t i o n  showed t h a t  i t  requi red  seve ra l  minutes t o  a t t a i n  an equi l ibr ium - 2 
l e v e l  a t  a  f l u x  of 5nA.cm , and f i g u r e  3 shows how t h e  p r o f i l e  changed f o r  
5  keV e l ec t rons  inc iden t  on a sample having a  small  diameter  c o l l e c t o r .  The 
equi l ibr ium l eve l  was QlkV below t h e  energy of t h e  i n c i d e n t  e l e c t r o n s ,  and 
t h i s  was a l s o  t r u e  of t he  maximum l e v e l s  a t t a i n e d  over  t he  unaluminised a r e a s  
of t h e  sample with h igher  energy e l e c t r o n s  ( f i g . 3 ) .  The s u r f a c e  vo l t age  
p r o f i l e s  a l s o  show t h a t  ear thed  aluminium on t h e  r e a r  su r f ace  of t h e  Kapton 
lowered the  p o t e n t i a l  of the i r r a d i a t e d  su r f ace .  The maximum su r face  v o l t a g e s  
a t t a i n e d  on unaluminised Kapton and those measured a t  t h e  c e n t r e  of s tandard 
samples a r e  presented i n  f i g u r e  4 a s  a  func t ion  of  t he  i n c i d e n t  e l e c t r o n  energy 
and t h e  thickness  of 5he Kapton, f o r  i r r a d i a t i o n s  performed a t  -180 '~  wi th  a  
beam f l u x  of 5  nA.cm . The p l o t s  a l l  e x t r a p o l a t e  t o  a n  i n t e r c e p t  which 
i n d i c a t e s  t h a t  under c e r t a i n  condi t ions  t h e  s u r f a c e  tends  t o  a t t a i n  a  v o l t a g e  
which is  1 .3  kV below t h e  energy of t h e  i n c i d e n t  e l e c t r o n s ,  

The leakage c u r r e n t  through Kapton t o  t h e  aluminium c o l l e c t o r  dur ing  
i r r a d i a t i o n  was p ropor t iona l  t o  t h e  a r ea  of t h i s  c o l l e c t o r  from 8.0 t o  8 0 . l c m ,  - 2 
and t o  the  inc ident  e l e c t r o n  f l u x  up t o  a t  l e a s t  35 nA.cm . The su r f ace  
vo l t age  and the leakage c u r r e n t  were r ep roduc ib l e  from sample t o  sample, being 
r e f l e c t i o n s  of a  bulk proper ty  of t h e  polymer f i lm .  The leakage c u r r e n t  was 
a l s o  a  func t ion  of t h e  energy of t he  e l e c t r o n s ,  and i t  i s  seen from theodata  i n  
f i g u r e  5 f o r  5 1 ~  t h i c k  Kapton i r r a d i a t e d  a t  two temperatures  t h a t  a t  25 C i t  
accounts  f o r  e s s e n t i a l l y  a l l  of t h e  inc iden t  f l u x  a t  t h e  h ighes t  energy. 

The above observa t ions  a r e  c o n s i s t e n t  w i th  a  charg ing  mechanism f o r  d i e -  
l e c t r i c s  i n  which the su r f ace  vo l t age  a t t a i n e d  r e p r e s e n t s  a  ba lance  between t h e  
i n c i d e n t  f l u x  and t h e  l o s s  of e l e c t r o n s  by conduction and by secondary emission 
and backsca t te r ing .  When t h e r e  i s  no aluminium c o l l e c t o r  p re sen t  on t h e  lower 
su r f ace ,  o r  f o r  very t h i c k  f i lms ,  conduction i s  low, and i n  t h e  absence of 
l i g h t  secondary emission p l ays  a  d e c i s i v e  r o l e  ( r e f . 5 ) .  For a  su r f ace  t o  
a t t a i n  equi l ibr ium under t h e s e  condi t ions  wi th  e l e c t r o n s  of  a  given inc iden t  
energy E ,  t h e  secondary emission c o e f f i c i e n t  6 must be  u n i t y  i . e .  one e l e c t r o n  
leaves  f o r  each one a r r i v i n g  a t  t h e  sur face .  I f  6 were always o r  always <1 
t h e  su r f ace  would charge p o s i t i v e l y  o r  nega t ive ly  r e s p e c t i v e l y  and could never 
a t t a i n  equi l ibr ium. 6 i s  a  func t ion  of t he  i n c i d e n t  e l e c t r o n  energy ( r e f . 6 )  
such t h a t  it i s  g r e a t e r  than  u n i t y  i n  t h e  range %leV<E<%lkelr ,sothat  when 
i r r a d i a t i o n  of a  su r f ace  commences wi th  e l e c t r o n s  of energy E>>lkeV very  l i t t l e  
secondary emission occurs .  However, a s  t h e  i n c i d e n t  e l e c t r o n s  a r e  t rapped 
(assuming t h e  d i e l e c t r i c  i s  t h i c k  enough) t h e  r e s u l t i n g  p o t e n t i a l  of t h e  sur-  
f a c e  r e t a r d s  the e l e c t r o n s  subsequent ly a r r i v i n g  and t h e  s u r f a c e  w i l l  charge up 
nega t ive ly  u n t i l  i t s  p o t e n t i a l  reaches a  l e v e l  a t  which it  r e t a r d s  t h e  incoming 
e l e c t r o n s  t o  an energy f o r  which t h e i r  secondary emission c o e f f i c i e n t  i s  u n i t y .  



Davies ( r e f .  5) showed t h i s  energy was 0 , 9  keV f o r  Kapton a t  25 '~,  and t h e  
p re sen t  r e s u l t s  i n d i c a t e  t h e r e  is very l i t t l e  e f f e c t  of temperature on t h e  
upper threshold  f o r  secondary emission, s i n c e  a t  -180 '~ t h e  Kapton s u r f a c e  
acqu i r e s  a  vo l t age  which i s  1 .3  kV lower than the  energy of  t h e  i n c i d e n t  
e l e c t r o n s .  

The lower r e s i s t a n c e  of t he  th inner  samples permi ts  h igher  leakage cur- 
r e n t s  t o  flow through the  polymer, thus provid ing  a  second r o u t e  f o r  e l e c t r o n  
l o s s  when t h e  lower s u r f a c e  i s  conductive. Equil ibr ium i s  t h e r e f o r e  maintained 
by a  decrease  i n  secondary emission, 6 f a l l s  below un i ty ,  and equ i l i b r ium i s  
e s t a b l i s h e d  wi th  i n c i d e n t  e l e c t r o n s  of h igher  energy. There i s  t h e r e f o r e  l e s s  
r e t a r d a t i o n  of t he  inc iden t  e l e c t r o n s  so t h a t  t h e  s u r f a c e  i s  a t  a  lower poten- 
t i a l .  However, t h e  v a r i a t i o n  of r e s i s t a n c e  wi th  th i ckness  a lone  cannot account 
f o r  t h e  d i f f e r e n c e s  between the  p l o t s  i n  f i g u r e  4,  The g r e a t e r  p e n e t r a t i o n  of 
t h e  more ene rge t i c  e l e c t r o n s  dur ing  t h e  charging process  w i l l  presumably r e s u l t  
i n  a  radiat ion-induced c o n t r i b u t i o n  t o  t h e  conduc t iv i ty  which extends t o  a  
g r e a t e r  f r a c t i o n  of t h e  th ickness  of the f i l m  a t  t he  h ighe r  e l e c t r o n  ene rg i e s ,  
thus  r a i s i n g  t h e  leakage c u r r e n t  ( f i g . 5 ) .  The range of 30 keV e l e c t r o n s  i n  
Kapton i s  est imated from e l e c t r o n  range d a t a  ( r e f . 7 )  t o  b e  1 2 . 3 ~  which repre-  
s e n t s  a  p e n e t r a t i o n  of ha l f  of t h e  th ickness  of t h e  2 5 ~  f i l m  bu t  on ly  1 /10  of 
t h a t  of t h e  t h i c k e s t  f i lm .  When t h e  pene t r a t ion  i s  a  s i g n i f i c a n t  f r a c t i o n  of the 
th i ckness  t h e  enhanced conduc t iv i ty  r e s u l t s  i n  even lower secondary emission t o  
main ta in  equi l ibr ium and so  t h e  sur face  v o l t a g e  f a l l s  a t  t h e  h i g h e s t  energ ies .  

I n  t h e  case  of t h e  th innes t  f i l m  ( 6 . 9 ~ )  s tud ied ,  t h e  range of 22 keY 
e l e c t r o n s  i s  equal  t o  t he  th ickness  of t h e  f i l m ,  and t h e r e f o r e  above t h i s  
energy t h e  su r f ace  vo l t age  would be expected t o  be  very  low, a s  was indeed 
found ( f i g .  4 ) .  These $ow v o l t a g e s  were accompanied by h igh  leakage cu r ren t s .  
With a  f l u x  of 2 nA.cm of 5 keV e l ec t rons  inc iden t  on t h e  f i l m  t h e  leakage 
c u r r e n t  a t  -180 C was 0.3pA, and it reached a  l e v e l  of 0.49pA f o r  e l e c t r o n s  
having ene rg i e s  of 20 keV o r  h igher .  The leakage c u r r e n t  t h e r e f o r e  r i s e s  much 
more r a p i d l y  than  i n  t h e  c a s e  of 51p t h i c k  Kapton ( f i g . 5 ) ,  presumably a s  a  
consequence of t h e  g r e a t e r  radiation-induced conduct iv i ty  a s soc i a t ed  wi th  t h e  
h igher  p e n e t r a t i o n  of t h e  e l e c t r o n s  in  t h e  t h i n  f i l m .  

For low energy (<5 keV) e l ec t rons  impinging on t h e  th inne r  f i l m s  t h e  above 
conduction e f f e c t s  a r e  n e g l i g i b l e  s ince  t h e  pene t r a t ion  i s  low and secondary 
emission i s  s t i l l  t h e  d e c i s i v e  f a c t o r ;  a l l  of t h e  p l o t s  i n  f i g u r e  4 t h e r e f o r e  
approach t h a t  f o r  unaluminised Kapton. 

On t h e  b a s i s  of t h e  above cons idera t ions  i t  would appear t h a t  t h e  u s e  of 
t he  t h i n n e s t  Kapton f i lms  a v a i l a b l e  as t h e  ou te r  component of thermal b l anke t s  
would f a c i l i t a t e  t h e  removal of even the  lower energy inc iden t  e l e c t r o n s ,  and 
r e s u l t  i n  very  low su r f ace  vo l t ages  with a  consequent r educ t ion  i n  suscep t i -  
b i l i t y  t o  d i e l e c t r i c  breakdown by a r c  d ischarge .  This conclus ion  has  r e c e n t l y  
been reached independently on t h e o r e t i c a l  grounds by F e l l a s  (ref.8)' 



Discharging Behaviour 

E l e c t r i c a l  d i scharges  were observed when Kapton was i r r a d i a t e d  wi th  
e l e c t r o n s  having an energy exceeding a  t h re sho ld  va lue .  This  was about  I5keV 
f o r  51y t h i c k  Kapton a t  25'~. The d ischarges  were not  of cons tan t  s i z e ,  nor 
d id  they occur a t  r e g u l a r  i n t e r v a l s ,  s o  t h a t  t h e r e  were s h o r t  term v a r i a t i o n s  
i n  t he  r a t e  of d i scharg ing ,  which f e l l  p rog res s ive ly  a s  i r r a d i a t i o n  continued 
( f i g . 6 ) .  A second i r r a d i a t i o n  of the  same sample a f t e r  24 hours i n  vacuum 
showed cont inua t ion  of t h e  process  i . e .  no ' recovery '  occurred,  and t h e  d i s -  
charging eventua l ly  ceased, presumably a s  a  r e s u l t  of t h e  product ion  of perma- 
nent  low r e s i s t a n c e  rou te s  t o  e a r t h  due t o  repea ted  d i e l e c t r i c  breakdown. This  
must be a t  po in ts  where d ischarges  have occurred,  b u t  i t  d id  no t  cause any 
s i g n i f i c a n t  increase  i n  t he  leakage c u r r e n t ,  which remained cons tan t  throughout 
t h e  i r r a d i a t i o n ,  s i n c e  t h e  e l e c t r o n  t r a n s p o r t  i n  d ischarge  pu l se s  was only  a  
few percent  of t h e  continuous l o s s  by bulk  conduction. I t  i s  ev ident  from 
f i g u r e  6 t h a t  p r e - i r r a d i a t i o n  wi th  e l e c t r o n s  of t h e  same (and presumably 
d i f f e r e n t )  energy can l ead  t o  lower d ischarge  r a t e s .  

The r a t e  of d i scharg ing  va r i ed  i n  a  non-linear manner w i th  t h e  beam f l u x  
(fig.7),presumably because a p a r t  from t h e  r a t e  of a r r i v a l  of e l e c t r o n s  a t  t he  
sample su r f ace  o t h e r  f a c t o r s  con t ro l  t h e  i n i t i a t i o n  of d i scharges  and the  
amount of charge removed i n  a  s i n g l e  event ,  e.g.  v a r i a t i o n  of t he  r a d i a t i o n -  
induced component of t h e  su r f ace  conduct iv i ty  wi th  t h e  i n c i d e n t  f l u x .  This  
f i g u r e  shows a  smooth change i n  behaviour f o r  a  p a r t i c u l a r  sample, b u t  
comparison of d a t a  from d i f f e r e n t  samples, even when taken from ad jacen t  a r e a s  
on a  r o l l  o f  f i lm  showed d ischarge  r a t e s  vary ing  by f a c t o r s  of 2  o r  3.  This i s  
common f o r  observat ions on t h e  d i e l e c t r i c  breakdown of organic  polymers, and 
is a t t r i b u t e d  t o  t h e  f a c t  t h a t  t h e  p o i n t  of breakdown i s  be l ieved  t o  be  an  
impuri ty  o r  de fec t  s i t e  i n  t h e  s t r u c t u r e  ( r e f . 6 ) .  The concen t r a t ion  of t hese  
d e f e c t s  v a r i e s  widely ac ros s  a  f i lm ,  g iv ing  l o c a l  v a r i a t i o n s  i n  d i e l e c t r i c  
s t r e n g t h ,  and consequent v a r i a t i o n s  i n  d ischarge  r a t e s  between samples. 

The majori ty  of d i scharges  observed were of t he  form shown i n  f i g u r e  8.  
The cu r ren t  rose w i t h i n  about  0.5 p e c  t o  a  peak which was a s  h igh  a s  20A and 
then  decayed to t h e  l e v e l  of t he  leakage cu r ren t  i n  a  per iod  of s e v e r a l  ysec.  
The charge assoc ia ted  wi th  the  pulse  i s  given by the  a r e a  under t he  curve,  and 
i n  t he  example shown (A) it i s  7.6 x 10-6 coulomb. Since the  corresponding 
vo l t age  p r o f i l e s  i nd ica t ed  a  f a l l  i n  p o t e n t i a l  of about  IlkV, then  the  energy 
a s soc i a t ed  with t h i s  d i scharge  was about 4 W ,  which was a  t y p i c a l  va lue  f o r  
51P t h i c k  Kapton i r r a d i a t e d  wi th  25 keV e l e c t r o n s  a t  -180°C. Many of the  
c u r r e n t  pu lses  were more complex and exh ib i t ed  smal le r  secondary pu l se s  super- 
imposed on the  decay of the  i n i t i a l  pu l se ,  presumably due t o  secondary d i e l ec -  
t r i c  f a i l u r e  wi th in  the  a r e a  from which the  f i r s t  d i scharge  w a s  c o l l e c t i n g  
e l e c t r o n s .  An example of such a  d ischarge  i s  included i n  f i g u r e  8 toge ther  w i th  
the  a s soc i a t ed  s i g n a l  induced i n  t he  antenna by the  e lec t romagnet ic  r a d i a t i o n .  
The l a t t e r  demonstrates t he  usua l  decay of t h e  RF s i g n a l  i n  about 1 Psec, and 
a l s o  t h a t  t h e  small  subs id i a ry  c u r r e n t  pu lse  shown i n  f i g u r e  8 B  generated a  
s i g n i f i c a n t  RF s i g n a l .  

The sur face  vo l t age  p r o f i l e s  provided a n  i n d i c a t i o n  of t h e  e x t e n t  i n  terms 
of a r e a  and vol tage  l e v e l  t o  which a  s u r f a c e  was discharged i n  a  s i n g l e  event .  



The scans  reproduced i n  f i g u r e  9 were recorded dur ing  the  i r r a d i a t i o n  a t  - 1 8 0 ~ ~  
of a s t a  dard 5 1 ~  t h i c k  Kapton sample with 30 keY e l e c t r o n s  a t  a beam f l u x  of 9 5 nA.cm . The f i r s t  scan shows t h a t  when t h e  s u r f a c e  was a t  on ly  about  11.5kV 
a d ischarge  occurred which reduced t h e  v o l t a g e  t o  zero ,  T m e d i a t e  r e v e r s a l  of 
t h e  probe t r a v e r s e  revea led  i n  t h e  second scan t h a t  t h e  whole width of t h e  
sample had discharged,  and i f  account is taken  of t h e  p a r t i a l  recharg ing  of t h e  
s u r f a c e  by t h e  e l e c t r o n  beam dur ing  the sweep, which was es t imated  by compari- 
son of t h e s e  two scans t o  be a t  a r a t e  of about 170 Vlsec, then  t h e  whole 
sample must have f a l l e n  very  c l o s e  t o  zero v o l t s .  The t h i r d  scan,  commenced 
immediately a f t e r  a d i scharge ,  i l l u s t r a t e s  t h e  f a c t  t h a t  i n  o t h e r  ca ses  t h e  
f u l l  width of  t h e  sample discharged,  but t h e  s u r f a c e  d td  not  f a l l  below 5kV. 
The f o u r t h  scan  shows t h e  r e s u l t  of another  common type  of d i scha rge  which was 
very  l o c a l i s e d  and reduced t h e  v o l t a g e  over  only a f r a c t i o n  of t h e  Kapton 
su r f ace .  This  was towards t h e  edge of t h e  sample which i s  t h e  r eg ion  of maxi- 
mum v o l t a g e  g rad ien t  and where i n i t i a t i o n  of d i scha rges  would be expected, 
These wide v a r i a t i o n s  i n  t h e  changes in  s u r f a c e  v o l t a g e  caused by d i scha rges  
a r e  c o n s i s t e n t  wi th  t h e  d i f f e r ences  which e x i s t  between t h e  amounts of charge 
a s s o c i a t e d  w i t h  the  ind iv idua l  discharges occu r r ing  i n  a sample under s teady  
i r r a d i a t i o n  condi t ions .  

The behaviour of t h e  2 5 ~  t h i c k  Kapton d i f f e r e d  from t h a t  of t h e  t h i c k e r  
f i l m s  i n  t h a t  t h e  d ischarge  which occurred had almost no in f luence  on t h e  sur- 
f a c e  vo l t age ,  i n  s p i t e  of involv ing  s i g n i f i c a n t  amounts of charge. Furthermore 
the  charge a s soc i a t ed  wi th  t h e  l a r g e s t  pu l se  observed f o r  each inc iden t  
e l e c t r o n  energy decreased wi th  increase  i n  t h i s  parameter,  be ing  29.8, 17 .1  and 
3.8 x C f o r  20, 25 and 30 keV e l e c t r o n s  r e spec t ive ly .  It i s  suggested 
t h a t  t h e s e  e f f e c t s  r e s u l t  from t h e  g r e a t e r  p e n e t r a t i o n  of h igher  energy 
e l e c t r o n s  i n  t h e  t h i n  f i l m  due t o  i t s  lower s u r f a c e  v o l t a g e  ( f i g . 4 ) ,  w i th  t h e  
consequence t h a t  a h igher  p ropor t ion  of t h e  e l e c t r o n s  become trapped a t  
d i s t a n c e s  approaching t h e  range of e l e c t r o n s  possess ing  t h e  i n c i d e n t  energy. 
Thus, 30 keV e l e c t r o n s  p e n e t r a t e  nearly t o  t h e  c e n t r e  of  t h e  2 5 ~  f i lm ,  and 
d i e l e c t r i c  breakdown i n  t h i s  ca se  w i l l  involve  only  h a l f  o f  t h e  th i ckness  of 
t h e  Kapton. This  w i l l  presumably remove fewer e l e c t r o n s  a s  t h e  i n c i d e n t  energy 
i s  increased  s i n c e  they w i l l  be trapped more d i f f u s e l y  i n  t he  upper p a r t  of t h e  
f i l m  a t  t h e  h ighe r  ene rg i e s ,  and probably only those  e l e c t r o n s  from t h e  zone 
near  t h e  maximum range w i l l  be involved i n  a d ischarge .  Removal of e l e c t r o n s  
p r i m a r i l y  from the  deeper t rapping  zones would a l s o  account f o r  t h e  small  
changes i n  s u r f a c e  vo l t age  caused by discharges from t h e  2 5 ~  f i lm .  Moreover, 
s i n c e  t h e  breakdown vo l t age  involved would be  t h a t  of about h a l f  of t h e  th ick-  
ness  of t h e  Kapton, then  t h e  occurrence of d i scharges  does not  c o n t r a d i c t  t h e  
r epo r t ed  d i e l e c t r i c  s t r e n g t h  of Q9kV f o r  2 5 ~  t h i c k  Kapton a t  - 1 8 0 ~ ~  ( r e f  , 9 ) ,  

With t h e  6 . 9 ~  t h i c k  f i l m  t h e  normal type  of d i scha rges  were observed only 
w i t h  10 and 15  keV e l e c t r o n s ,  and they were ve r  smal l ,  t h e  charge a s soc i a t ed  
wi th  t h e  l a r g e s t  pu l se s  being 6.9 and 2.5 x lomg C r e spec t ive ly .  The d i s -  
charges had no e f f e c t  on the  su r f ace  vol tage ,  and presumably occurred a t  t he  
edge of t h e  c e n t r a l  c o l l e c t o r ,  bu t  i n  t he  unaluminised annulus,  where t h e  
vo l t age  was up t o  2 kV h ighe r  than  i n  t he  c e n t r e  of t h e  sample. A t  h igher  
ene rg i e s  t h e  e lec t rometer  recorded no d ischarges  of t h i s  type  bu t  d id  show small 
nega t ive  displacements ,  i n d i c a t i n g  a change i n  behaviour when t h e  i n c i d e n t  
e l e c t r o n s  had s u f f i c i e n t  energy t o  pene t r a t e  t h e  f i l m  completely.  



Influence of Temperature 

The temperature a t  which Kapton i s  i r r a d i a t e d  has a s i g n i f i c a n t  inf luence  
on i t s  behaviour. When i r r a d i a t e d  wi th  30 keV e lec t rons  a t  a f l u x  of 5 n ~ . c m - ~  
some standard 5 1 ~  th ick  samples showed no discharges a t  800C, and others  gave 
a maximum r a t e  of only 1 per  hour. A t  25O~,  however, the r a t e  was i n i t i a l l y  
about 2 per  minute, while a t  -1800C the  i n i t i a l  r a t e  had r i s e n  t o  about 4 per  
minute. Moreover, the  charge associated with each pulse was on average severa l  
fo ld  g rea te r  a t  -180°C than a t  2S0c, and a s  the i r r a d i a t i o n  proceeded the re  
was a much slower f a l l  i n  the r a t e  of discharging a t  the  lower temperature. 
This is s i g n i f i c a n t  s ince  -1800C i s  more represen ta t ive  than 250C i n  terms of 
the temperature a t  which discharging occurs i n  s a t e l l i t e  s o l a r  ar rays  during 
ec l ipses .  

The volume r e s i s t i v i t y  of Kapton i s  g rea te r  a t  lower temperatures ( re f  .9) ,  
and t h i s  would be expected t o  lead t o  reductions i n  t h e  leakage currents  and 
increases i n  the surface  voltages as  the  temperature i s  reduced. The da ta  i n  
t ab le  1 show that  the voltages a t  the  s i d e  (unaluminised region) and i n  the  
cent re  of standard 51V th ick  Kapton samples do indeed increase  as  the tempera- 
t u r e  is reduced, and a t  the  same time the  leakage current  f a l l s .  However, the  
decrease i n  the l a t t e r  i s  much smaller  than would be predicted from the  volume 
r e s i s t i v i t y ,  which decreases nearly 10-fold between 25O and 70°c ( ref  .9) ,  so 
t h a t  presumably radiation-induced conductivi ty makes a much g r e a t e r  contr i -  
bution than ohmic conductivity. Nevertheless the l a t t e r  probably determines 
the e f f e c t  of temperature, s ince  the  radiation-induced e f f e c t  would not  be 
expected t o  vary with the  temperature. The da ta  given i n  t a b l e  1 were 
measured under conditions where l i t t l e  o r  no discharging occurred s o  t h a t  the  
voltages represent  equil ibrium values r a t h e r  than the  breakdown vol tages  of 
the  sample. 

Photoconduction E f f e c t s  

The influence of v i s i b l e  l i g h t  on the e l e c t r o s t a t i c  behaviour of Kapton 
was examined by exposing samples t o  a 15W fi lament lamp mounted s o  a s  t o  
i l luminate  thewhole  area  of the  sample. The g lass  envelope of the  bulb 
l imi ted  the  wavelengths of the l i g h t  emitted t o  above about 350 nm, and separ- 
a t e  t e s t s  showed t h a t  i l luminat ion caused no change i n  t h e  temperature of the  
Kapton f i lm,  so t h a t  there  was no thermal contr ibut ion t o  the  e f f e c t s  observed. 

When unaluminised Kapton which was being i r r a d i a t e d  wi th  20 keV e lec t rons  
was exposed t o  v i s i b l e  l i g h t  there  was no change i n  the  surface  voltage,  which 
i s  consis tent  with t h e  f a c t  t h a t  l i g h t  of these  wavelengths causes no photo- 
emission. However, when Kapton aluminised on the  lower surface  was i l luminated 
under s i m i l a r  conditions the  surface  voltage dropped by severa l  kV, and the  
leakage current  was enhanced, the  behaviour being i l l u s t r a t e d  by the  da ta  given 
i n  t ab le  2. No f u r t h e r  changes occurred when the  l i g h t  i n t e n s i t y  was increased. 
On i l luminating Kapton the  changes i n  surface  vol tage  and leakage current  
occurred q u i t e  rapidly ,  wi th in  about 1 minute, but  although the  d a t a  shows t h a t  
the  e f f e c t s  were almost completely r e v e r s i b l e  the  recovery when the  l i g h t  was 



switched o f f  was much slower,  t ak ing  up t o  20 minutes.  These e f f e c t s  presu- 
mably r e s u l t  from photoconduction of  e l e c t r o n s  t o  t h e  meta l  l a y e r .  

I l l umina t ion  caused no changes in  t h e  r a t e s  a t  which d i scha rges  occurred 
i n  ~ a ~ t o n  samples, However t he  peak c u r r e n t s  i n  t h e  pu l se s  and t h e  amount of 
charge a s soc i a t ed  wi th  each pu l se  was reduced by a f a c t o r  of about 2,  and t h i s  
r e s u l t e d  i n  t h e  su r f ace  vo l t age  being q u i t e  s t a b l e  dur ing  t h e  per iod  when t h e  
l i g h t  was on. Nevertheless ,  t h i s - v o l t a g e  was s t i l l  q u i t e  high,  a t  about 9 kV. 
Moreover, t h e  photoconduction had a progress ive ly  sma l l e r  e f f e c t  on t h e  leakage 
c u r r e n t  a s  i t s  va lue  increased a t  t h e  h igher  e - lec t ron  energ ies .  

The observa t ions  made i n  t h e  present  work a r e  i n  accord w i t h  t h e  changes 
i n  bulk  conduc t iv i ty  which Coffey e t  a1 ( re f .10)  found when exposing Kapton t o  
much h igher  l i g h t  i n t e n s i t i e s  (2.3 so l a r  cons t an t s )  from a xenon lamp, They 
found up t o  f i v e  o rde r s  of magnitude inc rease  i n  t he  conduc t iv i ty ,  caused 
p r imar i ly  by r a d i a t i o n  having wavelengths from 380 t o  680 nun. They a l s o  noted 
t h a t  t h e  photoconduct ivi ty  p e r s i s t e d  a f t e r  t h e  l i g h t  was ext inguished,  and 
a t t r i b u t e d  t h i s  t o  t h e f a c t  t h a t  t h e  t rapping of charge  c a r r i e r s  a t  imperfec- 
t i o n s  i s  a slow process .  

Phys ica l  Damage Resul t ing  from Discharges 

The d ischarge  a r c s  produced pinholes  i n  t h e  Kapton f i l m ,  but  t h e  f i r s t  
p inho le  formed was no t  t he  s i t e  f o r  a l l  subsequent d i scharges  even over a 
small  a r e a ,  i . e .  when an  a r c  has occurred a t  a p a r t i c u l a r  p o i n t  i t  may leave  
t h a t  a r e a  of t h e  polymer wi th  a higher d i e l e c t r i c  breakdown s t r e n g t h  than  an  
ad jacen t  zone con ta in ing  some inherent  d e f e c t s  i n  t h e  polymer s t r u c t u r e .  The 
d i scha rges  were accompanied by v i s i b l e  l i g h t  f l a s h e s ,  and photographs showed 
t h a t  they  occurred exac t ly  a t  p o i n t s  where p inho le s  were found and t h a t  one 
o r  s e v e r a l  p inholes  may be involved in  a p a r t i c u l a r  d i scharge .  Repea ted  
d ischarg ing  may t ake  p l ace  a t  a given p inhole  b u t  no t  n e c e s s a r i l y  succes s ive ly  
a t  t h e  same hole .  For a l l  of t h e  samples examined t h e  p inholes  and o the r  
damage occurred w i t h i n  t h e  unaluminised zone o r  a t  t h e  ad j acen t  edge of t he  
aluminium c o l l e c t o r ,  i n d i c a t i n g  t h a t  d i scharges  a r e  i n i t i a t e d  i n  those  r eg ions  
where t h e  vo l t age  s t r e s s  i s  g r e a t e s t .  

F igure  10 shows d e t a i l s  of a pinhole wi th  c h a r r i n g  of t h e  polymer and a 
surrounding network of d i scharge  t racks .  More ex tens ive  damage a r o s e  when 
d i scha rges  occurred i n  aluminised a reas ,  and f i g u r e  11 shows a ho le  caused by 
complete vapor i sa t ion  of Kapton and aluminium due t o  an  a r c  j u s t  w i t h i n  the  
aluminised c o l l e c t o r .  The damage seen i n  t h e s e  p i c t u r e s  has  r e s u l t e d  from 
d i scha rges  of an  a r e a  of a t  most 100 cm2 and involv ing  <0.1J of energy. Since 
t h e  a r e a  of d i e l e c t r i c  su r f ace  on a s a t e l l i t e  thermal c o n t r o l  b lanket  can be 

2 s1 m2 and on s o l a r  a r r a y s  s eve ra l  m , and s c a l i n g  experiments have. shown ( r e f .  
11) that the  maximum energy i n  discharges i s  p ropor t iona l  t o  t h e  func t ion  ( a r e a  
of d i e l e ~ t r i c ) l * ~  then i t  i s  apparent  t h a t  d i scha rges  of t e n s  of J o u l e s  of 
energy can occur and cause considerable  damage t o  t h e  s a t e l l i t e  i n  a d d i t i o n  t o  
g iv ing  r i s e  t o  e l e c t r i c a l  i n t e r f e rence .  



Inf luence  of a Conductive Coating on Kapton 

The presence of an ear thed  aluminium coa t ing  on t h e  i r r a d i a t e d  s u r f a c e  of 
25 o r  51y th i ck  s tandard  Kapton samples a t  -180 '~ h e l d  t h e  su r f ace  p o t e n t i a l  of 
t h e  c e n t r a l  zone a t  (or  very  c l o s e  t o )  zero f o r  i n c i d e n t  e l e c t r o n s  of a l l  
ene rg i e s .  The conduct ive su r f ace  l a y e r  a l s o  completely changed t h e  behaviour 
i n  r e spec t  of t h e  leakage c u r r e n t s  s i n c e  a s  t h e  e l e c t r o n  energy was increased  
t h e  t o t a l  leakage cu r ren t  t o  t h e  two conductors on S ly  t h i c k  samples decreased 
t o  a l i m i t i n g  va lue  which accounted f o r  about  50% of  t h e  inc iden t  f l u x  (fig.12).  
I n  t h e  case  of 25y t h i c k  Kapton w i t h  aluminium on t h e  upper s u r f a c e  t h e  leakage 
c u r r e n t  was e s s e n t i a l l y  independent of t h e  inc iden t  e l e c t r o n  energy, These 
obse rva t ions  a r e  i n  complete c o n t r a s t  t o  t h e  p rog res s ive  i n c r e a s e  i n  leakage 
cu r ren t  wi th  e l e c t r o n  energy f o r  Kapton of e i t h e r  t h i ckness  having aluminium on 
t h e  lower su r f ace  only.  

With t h e  aluminised top s u r f a c e  nea r  zero  p o t e n t i a l  t h e  impinging e lec-  
t r o n s  a r e  n o t  r e t a rded  a s  they approach it ,  and they  w i l l  t h e r e f o r e  p e n e t r a t e  
f u r t h e r  i n t o  the f i l m  than  when t h e  top su r f ace  i s  unaluminised, Never the less ,  
f o r  t h e  thinner  (25y) f i l m  conduction removes almost a l l  of t h e  i n c i d e n t  
e l e c t r o n s  f o r  a l l  ene rg i e s ,  presumably because a s  t h e  p e n e t r a t i o n  inc reases  
wi th  energy the p r o b a b i l i t y  of conduction v i a  t h e  lower aluminium c o a t i n g  
inc reases  i n  proport ion t o  t h e  f a l l  i n  conduction v i a  t h e  top aluminium l a y e r .  
Thus, 30 keV e l ec t rons ,  having a range i n  Kapton of 1 2 . 3 ~ ,  w i l l  p e n e t r a t e  t o  
t h e  c e n t r e  of t h e  f i l m  and w i l l  have s i m i l a r  p r o b a b i l i t i e s  of escape t o  e i t h e r  
su r f ace .  For lower energy e l e c t r o n s  i n c i d e n t  on t h e  51p t h i c k  f i l m  t h e  
p e n e t r a t i o n  w i l l  be small  and a h igh  p ropor t ion  of t h e  inc iden t  f l u x  can be 
removed by conduction. However, a s  t h e  energy, and t h e r e f o r e  t h e  pene t r a t ion ,  
i nc reases  t h e  e l e c t r o n s  become trapped f u r t h e r  from t h e  top  aluminium l a y e r  
and so l e s s  conduction t o  i t  occurs ,  and f o r  t h i s  t h i c k e r  f i l m  t h e r e  w i l l  be  
l i t t l e  change i n  t he  p r o b a b i l i t y  of reaching  t h e  lower su r f ace .  This  qua l i -  
t a t i v e  i n t e r p r e t a t i o n  is  i n  accord w i t h  t h e  f a c t  t h a t  t h e  leakage c u r r e n t  f o r  
30 keV e l ec t rons  from the  25p t h i c k  f i l m  i s  about twice  t h a t  f o r  t h e  51y f i lm .  
A t  t he  h ighes t  e l e c t r o n  ene rg i e s  t h e  leakage c u r r e n t  from 's tandard '  samples 
of t h e  th i cke r  f i l m  exceeds t h a t  from samples having an  upper aluminium l a y e r ,  
presumably due t o  t he  d i f f e r e n c e s  i n  t h e  secondary emission and backsca t t e r ing  
from t h e  aluminised and p l a i n  Kapton sur faces .  Thus, a l though a m e t a l l i c  
l a y e r  on t h e  exposed su r f ace  of a 25y t h i c k  Kapton f i l m  can remove most of t h e  
i n c i d e n t  e l ec t rons  i t  i s  seen t h a t  f o r  t h i c k e r  f i l m s  it  becomes p rog res s ive ly  
l e s s  e f f e c t i v e  a s  the  i n c i d e n t  e l e c t r o n  energy i s  increased .  

CONCLUSIONS 

The charging and d ischarg ing  c h a r a c t e r i s t i c s  of d i f f e r e n t  th icknesses  of 
aluminised Kapton i n d i c a t e  t h e  importance of t h e  degree of p e n e t r a t i o n  of t h e  
i n c i d e n t  e l e c t r o n s  i n t o  t h e  f i l m ,  and t h e  i n t e r a c t i o n  between t h i s  f a c t o r  and 
t h e  p o t e n t i a l  acquired by t h e  i r r a d i a t e d  su r f ace .  The r e s u l t s  demonstrate  t h a t  
f o r  Kapton having a conduct ive coa t ing  on t h e  r e a r  su r f ace ,  f i l m s  of l e s s  than  
25y th ickness  exh ib i t  t h e  minimum s u s c e p t i b i l i t y  t o  e l e c t r o s t a t i c  charging and 
d ischarg ing  when exposed t o  e l e c t r o n s  of up t o  30 keV energy, 
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TABLE 1 - EFFECT OF TEMPERATURE ON SURFACE VOLTAGE OF IRRADIATED KAPTOY 

I 80°c I 25'~ I -1 43Oc 
Electron 

Voltage 
at 

sample 
centre 
kV 

Energy 
keV 

Beam F1 x -'t 
5nA'cm ) 

15 

20 

25 

TABLE 2 - EFFECT OF ILLUMINATION ON IRRADIATION OF KAPTON SAMPLES AT - 1 8 0 ~ ~  

Leakage 
current 
A x 10-7 

Voltage 
at 

sample 
edge 
kV 

10.3 

9.7 

- 

* When surface voltage profile is not flat Vmex values are voltages at opposite edges of 

sample and Vmin is voltage at centre of sample. 

Voltage 
at 

sample 
edge 
Kv 

12.5 

14.0 

a13.4 

Voltage 
at 

sample 
centre 
kV 

8.7 

8.2 

- 

Electron 
energy 
(Beam flux 
5nA cm-2) 

5 

10 

15 

20 

25 

Leakage 
current 
A x l o - 7  

2.5 

3.0 

- 

Leakage 
current 
A x 1 0 - ~  

2.9 

3.5 

- 

Voltage 
at 

sample 
edge 
kV 

1 1 . 1  

11.3 

- 

Voltage 
at 

sample 
centre 
kV 

9.3 

9.1 

- 

Discharge 
rate 
permin. 

- 

0.65 

1.40 

1.44 

Unilluminated 

Surf ace 
voltages* 

in kV 

: "min 

3.7 

9.0, 8.2:g.O 

11.6,10.8:10.2 

12.2,11.6:10.1 

11.2,11.2:9.6 

Illuminated 

Leakage 
current 

A 

5.0x10-~~ 

3.0x10-~ 

~ . O X I O - ~  

~ . I X I O - ~  

3.3xl0-~ 

Unilluminated 

Surf ace 

in kV 

3.4 

8.3 

8.9 

10.0 

9.1 

Surface 

"max : 'min 

3.5 

9.0,8.2: 9.0 

11.6,10.& 10.2 

12.3,11.6:10.1 

<10.8 

Leakage 
current 

A 

1 . O ~ I O - ~  

1 .3x10-~ 

2.6x10-~ 

3.5x10-~ 

3.9x10-~ 

Leakage 
current 

A 

5.0x10-~~ 

3.0~10 
-8 

1.7x10-~ 

~ . ~ x I o - ~  

~ . ~ x I o - ~  



F I L A M E N T  
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' E L E C T R O N  
G U N  

SCALE = 0-  8 : I  

NAPTON ALWINISED ON LOWER SURFACE 

UNALUMINISED ZONE 

FIGURE 2 "STANDARD" ALUM I NISED KAPTON SAMPLE 

VACUUM S Y S T E M  

FIGURE 1. IRRADIATION CHAMBER AND ELECTRON GUN ASSEMBLY 



lrmdiot ion time 30 sec 

I I 
Elutrw, m r g y  5 keV 
lrradiatbn time r) min 

Kapton thickness 50p 
Beam flux 5 nA cm-2 
D~ameter of rrod~ated zone 111 mm 
Current collector dmmeter 32mm 

FIGURE 3. SURFACE VOLTAGE PROFILES FOR 
ELECTRON IRRADIATION OF KAPTON. 



FIGURE C.  S U R F A C E  V O L T A G E  AS A F U N C T I O N  OF I N C I D E N T  E L E C T R O N  ENERGY 
FOR D I F F E R E N T  T H l  C K N E S S E S  O F  K A P T O N  I R R A D I A T E D  AT - 1 8 o 0 C  

ELECTRON ENERGY ( LeV 1 

FIGURE 5 .  V A R I A T I O N  OF L E A K A G E  C U R R E N T  W I T H  E L E C T R O N  
ENERGY FOR 51 p THICK K A P T O N  



p 
B E A M  OFF 

1 2 0  

In 
w 
e 
5 t o o  
x 
U In - 
0 

L 
80 

0 

I 

# t o  
x 
a Z 

4 0 

2 0 

0 
0 

T I M E  ( m i n )  

FIGURE 6 5 1  JJ KA P T O N  IRRADIATED AT Z S 0 C  ; B E A M  FLUX 1 2 . 1  n A  em-' 

FIGURE 7. V A R l  A T I O N  OF D I S C H A R G E  R A T E  W I T H  
B E A M  F L U X  FOR 5 1  p T H I C K  K A P T O N  AT 2S°C 



Single current pulse 

A 1 . 0  A / small d iv i s ion  

0 . 5  psec/small d iv i s ion  

Multiple current pulse 

B 0 . 5 A l d i v i s i o n  

1  psec /div is ion 

RF pulse 

C 0 . 2  V /small d iv i s ion  

0 . 2  psec/small d iv i s ion  

FIGURE 8 .  CHARACTERISTICS OF DISCHARGES FROM KAPTON 
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FIGURE 10. PINHOLE AND TRACKING DUE TO DISCHARGE IN ELECTRON-IRRADIATED 
KAPTON. ELECTRON ENERGY, 30 keV; BEAM FLUX, 12 nA cm-2; 
MAGNIFICATION, x12. 

FIGURE 11. EVAPORATION OF POLYMER AND METAL DUE TO DISCHARGE IN ELECTRON- 
IRRADIATED ALUMINIZED KAPTON. ELECTRON ENERGY, 30 keV; BEAM 
F'LUX, 12 nA cm-2; MAGNIFICATION, x12. 



I N C I D E N T  E L E C T R O N  E N E R G Y  ( L e v )  

FIGURE 12 T H E  E F F E C T  ON T H E  L E A K A G E  C U R R E N T  O F  A L U M l N l S l N G  T H E  
I R R A D I A T E D  S U R F A C E  OF K A P  T O N  


	Navigation
	Spacecraft Charging Technology 1980
	Preface
	Table of Contents
	Keynote Address--Dell P Williams III 
	SESSION 1 - Material Responses
	Dielectric Discharge Characteristics in a Two-Electron Simulation Environment
	Electron-Beam-Charged Dielectrics- Internal Charge Distribution
	Bulk Charging and Breakdown in Electron-Irradiated Polymers
	Charging and Discharging Teflon
	Experimental Validation of a Numerical Model Predicting the Charging Characteristics of Teflon and Kapton under Electron Beam
	Role of Energetic Particles in Charging-Discharging of Spacecraft Dielectrics
	Electron Penetration of Spacecraft Thermal Insulation
	Electrostatic Discharging Behavior of Kapton Irradiated with Electrons
	Dielectric Surface Discharges- Effects of Combined Low-Energy and High-Energy Incident Electrons
	Preliminary Comparison of Material Charging Properties using Single Energy and Multi-energy Electron Beams
	Brushfire Arc Discharge Model

	SESSION 2 - Material Characterization
	Effects of Secondary Electron Emission on Charging
	Secondary Electron Emission Yields
	Oblique-Incidence Secondary Emission from Charged Dielectrics
	Tank Testing of a 2500-cm2 Solar Panel
	Charging and Discharging Characteristics of a Rigid Solar Array
	Materials Characterization Study of Conductive Flexible Second Surface Mirrors
	Design of an Arc-Free Thermal Blanket
	Charging Control Techniques
	Charging Characteristics of Silica Fabrics
	Electrostatic Charging Characteristics of Thermal Control Paints of Functions Temperature
	Evaluation Charge Control Techniques of Spacecraft Thermal Surfaces (Electrostatic Discharge Study)
	Conduction through Puncutres in Metal-Backed Dielectrics
	Accelerated Alpha-S Deterioration in a Geostationary Orbit

	SESSION 3 - SCATHA Flight Data
	Operational Status of the Space Test Program P78-2 Spacecraft and Payloads
	Electron Angular Distributions During Charging Events
	Operation of SC5 Rapid Scan Particle Spectrometer on SCATHA Satellite
	Review of Hot Plasma Compsoition Near Geosynchronous Altitude
	SCATHA Observations of Space Plasma Composition During a Spacecraft Charging Event
	P78-2 Engineering Overview
	Satellite Surface Potential Survey
	Preliminary Analysis of Data from SRI International Transient Pulse Monitor on Board P78-2 SCATHA Satellite
	Aspect Dependence and Frequency Spectrum of Electrical Discharges on the P78-2 (SCATHA) Satellite
	Flight Evidence of Spacecraft Surface Contamination Rate Enhancement by Spacecraft Charging Obtained with a Quartz Crystal Microbalance
	P78-2 Satellite and Payload Responses to Electron Beam Operations on March 30 1979

	SESSION 4 - Analytical Modeling
	Representation and Material Charging Response of GEO Plasma Environments
	Simulation of Charging Response of SCATHA (P78-2) Satellite
	SCATHA SSPM Charging Response- NASCAP Predictions Compared with Data
	Three-Dimensional Analysis of Charging Events on Days 87 and 114- 1979  from SCATHA
	Computer Simulation of Spacecraft Charging on SCATHA
	Analysis of Ambient and Beam Particle Characteristics 3-30-79
	Comparison of NASCAP Modeling Results with Lumped-Circuit Analysis
	NASCAP Charging Caalculations for a Synchronous Orbit Satellite
	Results from a Two-Dimensional Spacecraft-Charging Simulation and Comparason with a Surface Photocurrent Model
	Analytical Modeling of Satellites in Geosynchronous Environment
	Calculation of Surface Current Response to Surface Flashover of a Large Sample under Grounded and Floating Conditions
	Model of Coupling of Discharges into Spacecraft Structures
	Disappearance and Reappearance of Particles of Energies - as seen by P78-2 (SCATHA) 

	SESSION 5 - Systems Design and Test
	Military Standards and SCATHA Program and Update of MIL-STD-1541
	Military Standard for Spacecraft Charging Status Report
	Use of Charging Control Guidelines for Geosynchronous Satellite Design Studies
	P78-2 SCATHA Environmental Data Atlas
	METEOSTAT Spacecraft Charging Investigation
	Electron Irradiation Tests on European Meteorological Satellite
	Spacecraft Charging Technology in the Satellite X-Ray Test Facility
	Simulation of Spacecraft Charging Environments by Monoenergetic Beams
	Importance of Differential Charging for Controlling both Natural and Induced Vehicle Potentials
	A Comparison of Three Techniques of Discharging Satellites
	Electromagnetic Fields Produced by Simulated Spacecraft Discharges

	SESSION 6 - Environmental Interactions
	Agreement for NASAIOAST-USAF-AFSC Space Interdependency on Spacecraft Environment Interaction
	Plasma Interactions with Solar Arrays at High Voltages
	Experimental Plasma Leakage Currents to Insulated and Uninsulated 10 m2 High-Voltage Panels
	Numerical Simulation of Pasma-Insulator Interactions in Space Part 1- The Self-Consistent Calculation
	Numerical Simulation of Plasma-Insulator Interactions in Space Part 2- Dielectric Effects
	Three-Dimensional Space Charge Model for Large High-Voltage Satellites
	Charging of a Large Object in Low Polar Earth Orbit
	PANEL DISCUSSION





