
ACCELERATED ALPHA-S DETERIORATION IN A GEOSTATIONARY ORBIT' 

Otto K. Husmann 
Messerschmitt-Wlkow-Blohm 

The SSM alpha-s long term s t a b i l i t y  s t r o n g l y  depends on t h e  
charged p a r t i c l e  ene rg ies  encountered i n  a g e o s t a t i o n a r y  o r b i t .  
Here t h e  requirement f o r  conductive s u r f a c e s  l e a d s  t o  a c c e l e r a t e d  
6 d e t e r i o r a t i o n ,  due t o  l a c k  of r e t a r d i n g  p o t e n t i a l s . -  
~ i g l e c t r i c  mi r ro r s  without conductive c o a t i n g  improve t h e  d 
l ong  term s t a b i l i t y  of t e f l o n  FEP. Mosaic l i k e  f r a c t u r e s  wathin 
t h e  I F - f i l t e r  dont a f f e c t  it. I n  presence of a conduct ive l a y e r  
on t o p  of t h e  I F - f i l t e r  , however, t h e y  l e a d  t o  t h e  l o s s  of con- 
d u c t i v i t y .  A sandwiched i n  PMMA v a r n i s h  f i l m  f o r  improvement of 
t h e  s u b s t r a t e  t e n s i l e  s t r e n g t h  enhances t h e  d decay. Quartz 
f i b e r  reenforced  t e f l o n  FEP as s u b s t r a t e  may h i m i n a t e  t h e  
I F - f i l t e r  tendency t o  f r a c t u r e  without  impai r ing  

INTRODUCTION 

Among a l i m i t e d  v a r i e t y  of p l a s t i c  m a t e r i a l s  t e f l o n  FEP 
f r e q u e n t l y  i s  s e l e c t e d  a s  SSM f o r  s a t e l l i t e  therm3l p r o t e c t i o n  
because of i t s  h igh  t ransparency over a wide s p e c t r a l  range , t h e  
r e l a t i v e  s t a b i l i t y  of i ts t ransparency , and because of i t s  
a p p l i c a b i l i t y  a l s o  t o  odd shaped s t r u c t u r e s .  

With t h e  demand f o r  extended s a t e l l i t e  l i f e  t imes  i n  a geo- 
s t a t i o n a r y  o r b i t  t h e  t e f l o n  FEP alpha-s s t a b i l i t y  may be in -  
s u f f i c i e n t ,  i n  c o n t r a s t  t o  i t s  performance i n  a nea r  e a r t h  o r b i t  
(ref.1-5). Here i n  a d d i t i o n  t o  t h e  electromagnet ic  r a d i a t i o n ,  
e n e r g e t i c  e l e c t r o n s  and protons a c c e l e r a t e  t h e  SSM ds d e t e r i -  
o r a t i o n .  

Under charged p a r t i c l e  exposure d i e l e c t r i c  as we l l  a s  n o t  
grounded conduct ive s u r f a c e s  bu i ld  up e l e c t r o s t a t i c  charges wi th  
p o t e n t i a l s  i n  t h e  Kvolt  range ,  t h a t  may l e a d  t o  spontaneous 
d i scharges  (ref,6-8).  

I n  t h e  p a s t  , d i f f e r e n t i a l  charging of s a t e l l i t e  d i e l e c t r i c  
s u r f a c e s  has  l e d  t o  d is turbances  and occas iona l ly  t o  t h e  break- 
.down of t h e  communications system, i n  conjunct ion  wi th  t h e  de- 
s t r u c t i o n  of e l e c t r o n i c  components. To reduce t h e  danger of l o s s  
of t h e  s a t e l l i t e  through such even t s ,  a new requirement was 
formula-ted f o r  t h e  l a y  out  of f u t u r e  s a t e l l i t e  s u r f a c e s ,  This  
requirement of an e n t i r e  ou te r  conduct ive s h e l l  a l s o  encompasses 
t h e  thermal  c o n t r o l  s u r f a c e s ,  The grounded conduct ive f i l m s  

* This  work was suppor ted  by t h e  BMFT through t h e  DFVLR, W.Germany 
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e l imina te  the  development of s t a t i c  p o t e n t i a l s  and d i f f e r e n t i a l  
charging. 

I n  terms of t h e  ct s t a b i l i t y  of SSM , t h e s e  conduct ive 
grounded su r faces  a r e  Bess b e n e f i c i a l  , because due t o  l a c k  of 
r e t a r d i n g  p o t e n t i a l s  t h e  charged p a r t i c l e s  impinge on t h e  SSM 
wi th  t h e i r  f u l l  ene rg ies  , l e a d i n g  t o  a c c e l e r a t e d  alpha-s in -  
c reases .  

Alpha-s chznges a r e  r e l a t e d  t o  t h e  genera t ion  of F-Centers 
wi th in  t h e  f o i l .  To r e t a r d  t h e i r  development, i n t e r f e r e n c e  f i l -  
t e r  ( I F - f i l t e r )  were depos i ted  on t o p  of t h e  t e f l o n  f o i l ,  wi th  
t h e i r  r e f l e c t i o n  maximum l o c a t e d  a t  480 nm, according t o  t h e  
e x t r a t e r r e s t r i a l  s o l a r  r a d i a t i o n  i n t e n s i t y  maximum. Within i t s  
narrow wave l e n g t h  range such d i e l e c t r i c  mi r ro r  r e f l e c t s  t h e  
electromagnet ic  r a d i a t i o n  , before  it passes  through t h e  SSM. 
Radia t ion  damage t h e n  appears as reduced t ransparency a t  in -  
c reased  wave l e n g t h s  , ad jacen t  t o  t h e  I F - f i l t e r  s p e c t r a l  r e -  
f l e c t a n c e .  

SAMPLE SELECTION 

E a r l i e r  s t u d i e s  showed, t h a t  t h e  ZnS/Al 0  I F - f i l t e r  on 
a  t h i n  t e f l o n  FEP f i l m  develop many f i n e  f r a z t a r e s  dur ing  expo- 
s u r e ,  which do no t  a f f e c t  t h e  alpha-s v s l u e  ( r e f - 9 ) .  However, 
they  severe ly  i n c a p a c i t a t e  t h e  conduct ive l a y e r  (ITO) conduc- 
tance.  To a l l e v i a t e  t h i s  tendency t o  f r a c t u r e ,  a s imple remedy 
was t r i e d .  Between t h e  t e f l o n  s u b s t r a t e  and t h e  I F - f i l t e r  a 
two micron t h i c k  PMMA varn i sh  l a y e r  was sandwiched i n ,  Now t h e  
bending rad ius  of t h e  SSM , measured on a cone, decreased from 
about 13 mm t o  6 mm p r i o r  t o  t h e  I F - f i l t e r  f r a c t u r e ,  due t o  
increased  t e n s i l e  s t r e n g t h  of i t s  s u b s t r a t e .  These samples,  
and f o r  comparison , samples of t h e  same meke, but  without  PMMA 
v a r n i s h ,  and without I T 0  were inc luded i n  t h e  t e s t .  Add i t iona l ly  
two t e f l o n  FEP samples without  t h e  p r o t e c t i v e  I F - f i l t e r ,  one of 
them wi th  I T O ,  were t e s t e d .  

SAMPLE FABRICATION 
Sample s u b s t r a t e  was 125 micron t h i c k  t e f l o n  FEP, wi th  

vapor depos i ted  s i l v e r  r e f l e c t o r ,  w i th  a t h i n  Inconel  f i l m  f o r  
co r ros ion  p ro tec t ion .  Because both ,  s i l v e r  and PMMA v a r n i s h  do 
not  eas i lyWwet"  t h e  t e f l o n  f o i l ,  p r i o r  t o  t h e i r  d e p o s i t i o n  30 8 
t h i c k  l a y e r  of A 1  0  were placed on both  s i d e s  of it. Sub- 
sequent ly  , PMMA 6agnish  followed on t h e  f r o n t  s i d e  of t h e  SSM 
and was vacuum dr ied .  For improved adhesion,  h e r e  again  a 30 R 
t h i c k  A1 O3 f i l m  advanced vapor d e p o s i t i o n  of t h e  seven l a y e r  
IF-f i l teg,  with ZnS i t s  o u t e r  components ( r e f . 1 0 , l l ) .  To com- 
p l y  wi th  t h e  requirement of a  t r a n s p a r e n t  conduct ive s u r f a c  , 
t h e  samples with PMMA v a r n i s h  f i n a l l y  were coated  wi th  100 1 
In20 + 10% Sn02 (ITO). This  c o a t i n g  has  s u f f i c i e n t  hardness  2 t o  r sist  wear. It s h i f t s  t h e  I F - f i l t e r  r e f l e c t i o n  maximum 
20 nm upward and i n c r e a s e s  by about 0,02.- For c o n t a c t i n g ,  

3 



t h e  s h o r t  s i d e s  of t h e  samples had t h i n  s t r i p s  of gold c o a t  
added, l e a v i n g  an a r e a  of 11 x 11 mm open f o r  t h e  r a d i a t i o n  
exposure. Both sample s i d e s  were ground connected o u t s i d e  t h e  
chamber.- With 3M t r a n s f e r  glue 467 t h e y  were f i x e d  t o  t h e i r  
supports . -  The majo r i ty  of the  t e s t e d  samples were f a b r i c a t e d  
by t h e  R.BOSCH GmbH. 

TEST EQUIPMEEJT 

For performance eva lua t ion  of t h e  t e f l o n  FEP SSM under 
s imula ted  s o l a r  r a d i a t i o n  cond i t ions ,  t h e  Messerschmitt-Bolkow- 
Blohm Combined E f f e c t s  Chamber was used. The t e c h n i c a l  capabi- 
l i t i e s  of t h i s  chamber a r e  b r i e f l y  l i n e d  out ( ref .12) .  The 
s imula ted  s o l a r  r a d i a t i o n  exposures proceeded under c l e a n  vacu- 
um cond i t ions  , a i n t a i n e d  with an  i o n  pump. P ressures  ranged 
around 2,7 x  10-9 Pasca l  during t h e  UV and e l e c t r o n  exposures. 
With t h e  pro ton  genera to r  on, t h e  p r e s s u r e  w a s  about 8 x 1 0 ~ 5  
Pasca l .  

A s  UV r a d i a t i o n  source  a 900 Watt Xenon lamp wi th  S u p r a s i l  
bulb was employed. To u t i l i z e  i t s  e n t i r e  UV output ,  t h e s e  
lamps a r e  opera ted  i n  a d ry  n i t rogen  atmosphere,in conjunct ion  
wi th  a sapph i re  window toward t h e  vacuum chamber. The i r  UV 
s p e c t r a l  i n t e n s i t y  d i s t r i b u t i o n  repea ted ly  w a s  measured with a 
Schoef fe l  GM-100-3 double monochromator i n  t h e  wave l e n g t h  range 
from 180 nm t o  450 nm.- Their  i s  no f l a t  UV i n t e n s i t y  d i s t r i b u -  
t i o n  a c r o s s  t h e  sample a rea .  I n s t e a d ,  t h e o r e t i c a l  s t u d i e s  i n d i -  
c a t e d  33 % decrease  from t h e  c e n t e r  samples t b  t h e  o u t e r  ones. 
The a c t u a l  i n t e n s i t y  d i s t r i b u t i o n  v a r i e s  wi th  t h e  Xenon lamp. 
It has  been measured with a Kendall Mark I V  radiometer.  

With two Fareday cups,  movable a c r o s s  t h e  sample a r e a ,  
scans  of t h e  e l e c t r o n  and proton c u r r e n t  d e n s i t i e s  were per- 
fqrmed. The i n t e n s i t y  d i s t r i b u t i o n s  of both  above t h e  samples 
a r e  f l a t  w i t h i n  + 5 %. However, i n  presence of t a r g e t s  with 
d i e l e c t r i c  o r  no5 grounded conductive s u r f a c e s  , t h e s e  charge up 
and d i s t u r b e  t h e  o r i g i n a l  cu r ren t  d e n s i t y  d i s t r i b u t i o n . -  A l l  
c u r r e n t s  were measured with a Ke i th ley  602 e lec t romete r  i n s t r u -  
ment. 

The sample ho lde r  temperature was kep t  a t  1 0 ~ ~ . ~ e m p e r a t ~ e ~  
measured on one sample sur facg  wi th  50 micron dismeter  thermo- 
couple wires  were c l o s e  t o  27 C ,  wi th t h e  UV lamp on. According 
t o  t h e  number of s o l a r  cons tants  brought onto each of t h e  s i x  
samples,  maximum sample temperatures  were es t imated  t o  be c l o s e  
t o  4OOC. 

For i n  s i t u  alpha-s measurements a Beckman DK - 2A spec t ro -  
photometer i s  m ~ t e d  t o  t h e  vacuum chamber. I ts  l i g h t  s p o t  s i z e  
on t h e  sample i s  4 , 5  x 7 mm.- 130 r e f l e c t a n c e  measurements , 
mostly 10 nm a p a r t ,  a r e  t r a n s f e r r e d  i n t o  a programmed desk 
c a l c u l a t o r ,  



t h a t  p r i n t s  t h e  alph2-s va lues  under c o n s i d e r a t i o n  of t h e  s o l a r  
s p e c t r a l  i n t e n s i t i e s  according t o  ASTM E 490 73a a f t e r  comple- 
t i o n  of t h e  scan. The spec t rometer  i s  c a l i b r a t e d  wi th  a n  a lu-  
minum mirror. The 6 measurement e r r o r  is  + 0 , O I . -  For i n  s i t u  
measuremeht of t h e  Eurface r e s i s t a n c e s  thewvacuum chamber has  
52 e l e c t r i c a l  f e e d  throughso-  P r i o r  t o  and a l s o  a f t e r  comple- 
t i o n  of t h e  t e s t  , a l l  samples were inspec ted  f o r  f r a c t u r e s ,  
s i g n s  of e l e c t r i c  d i scharges ,  and v i s i b l e  changes of t h e  r e -  
f l e c t o r  were checked a f t e r  exposure. F u r t h e r ,  adhesion t a p e  
t e s t s  provided informat ion  concerning adherence of t h e  I F - f i l t e r  
t o  t h e  s u b s t r a t e .  

TEST PARAMETER 

To gain i n s i g h t  i n t o  t h e  long term performance of t e f l o n  
FEP SSM w i t h  I F - f i l t e r  p r o t e c t i o n ,  t h e  f irst  t e s t  was extended 
over  11000 equiva lent  sun hours (ESH), wi th  simultaneous expo- 
s u r e  t o  W, e l e c t r o n s  and protons.  During a s h o r t  supplementary 
t e s t ,  e lectromagnet ic  and charged p a r t i c l e  r a d i a t i o n s  were a l t e r -  
n a t e l y  appl ied.  

To reduce t h e  t ime needed f o r  such t e s t ,  max. UV i n t e n s i t i e s  
were 4,5 s o l a r  c o n s t a n t s ,  - Elec t ron  and pro ton  ene rg ies  were 
20 Kevolt .  The charged p z r t i c l e  i n t e n s i t i e s  were maingained 
w i t h i n  t h e  lower 109/cm2 s e c  range. A t o t a l  of 1016/cm2 e l e c t r o n s  
as we l l  as protons were brought onto t h e  semples. 

A 

The e l e c t r o n  p e n e t r a t i o n  depth  i s  p r o p o r t i o n a l  t o  uC, with  
U t h e  a c c e l e r a t i o n  p o t e n t i a l .  For a c c e l e r a t i o n  p o t e n t i a l s  be t -  
ween 5 Kvolt and 60 Kvolt t h i s  p e n e t r a t i o n  depth  can be cacula-  
t e d  according t o  t h e  s i m p l i f i e d  Schonland equat ion  (ref .13,14) .  
The pro ton  p e n e t r a t i o n  i s  n e g l i g i b l e  ( re f .15) .  

Pe r t a in ing  t o  t h e  small e l e c t r o n  2nd p ro ton  c u r r e n t  den - 
s i  i e s  i n  a  g e o s t a t i o n a r y  o r b i t ,  s u r f a c e  r e s i s t a n c e s  i n  t h e  it3 10 O ohm range a r e  t o l e r a b l e ,  if t h e  e n t i r e  sample s u r f a c e  
c o n t r i b u t e s  t o  t h e  conductance, I n  c o n t r a s t ,  f r a c t u r e  of t h e  
conduct ive coa t ing  l e a d s  t o  t h e  development of i s o l z t e d  l i t t l e  
i s l a n d s ,  t h a t  dont c o n t r i b u t e  t o  t h e  conductance a c r o s s  t h e  
SSM. Here d i f f e r e n t i a l  charging  and i n c r e a s e  of t h e  r e s i s t a n c e  
impai r  t h e  s a t e l l i t e  communications. 

TEST RESULTS 

Table I p r e s e n t s  t h e  d a t a  aqu i red  dur ing  t h e  11000 ESH ex- 
posure.  - The t o p  of t a b l e  I comprises t h e  accumulated e l e c t r o n  
and pro ton  r a d i a t i o n  doses ,  followed by t h e  number of ESH and 
t h e  alpha-s. F i n a l l y  t h e  r e s i s t s n c e s  i n  ohm a r e  compiled. 
Fig.  1 p resen t s  t h e  0( d a t a  v s  t ime of UV exposure (ESH). The 
charged p a r t i c l e  and 8~ i r r a d i a t i o n s  s t a r t e d  toge the r .  

To study t h e  e f f e c t  of a l t e r m t e  UV and e lec t ron/pro ton  
exposures ,  a  second s e t  of s imi lar  samples fol lowed t h e  11000 
ESH t e s t .  Table I1 and Fig.2 p resen t  t h e i r  t e s t  da ta .  
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DISCUSSION OF RESULTS 

Teflon FEP 

Two kinds of alpha-s deter iorat ion have been encountered, 
The first one, reduction of transparency , predominantly within 
the  v i s i b l e  range , is common t o  both studied brands. Loss of 
the  Ag - r e f l e c t o r  together with i t s  Inconel sh ie ld  during ex- 
posure repeatedly was observed on only one brand of samples. 

11000 ESH Exposure : The slowalpha-s growth during the  
f irst  600 ESH a l so  of the  sample with IT0 ( f ig .? ,  C & D )  is  
affected by the UV and charged p a r t i c l e  fluxes. Within t h i s  
span of time the  spec t ra l  reflectance curves reveal  not ye t  
damage t o  the r e f l ec to r .  The A U  exceeds t h a t  of both other 
brand samples of the  supplements$ t e s t ,  a l so  under considerati-  
on of the  d i f f e ren t  charged p a r t i c l e  loads. The surface t;esis- 
tance of sample D f luc tua tes  during t h i s  time between 10 and 

2 9 ?  
x  105 aohm. Subsequently it moves s t e p  by s tep  i n t o  the  

10 'lb ohm range ( t a b l e  I ) .  - 

After 600 ESH and more than 2 x loq5 charged particles/cm 2 
o( increases a t  an accelerated pace , up t o  0,65 a f t e r  11000 ESH. 
~ e a d u a l l ~  on both these samples the  Ag r e f l e c t o r  together with 
i t s  Inconel sh ie ld  disappears. This not only i s  indicated by 
the  accelerated alpha-s increases, but a l so  by the decay of the  
s p e c t r a l  ref lectance,  a t  f i r s t  between 1 and l , 5  microns, ex- 
tending l a t e r  t o  2 ,5  microns wave length. 

On one such semple the r e f l e c t o r  l a t e r  was res tored,  
dropping i t s  alpha-s from 0,65 down'to 0,33. This leads t o  a 
~ d c  of 0,22 due t o  transparency change of the  125 micron th ick  
folf, i n  agreement w i t h  ha o f  0,09 a f t e r  11000 ESH, measured 
e a r l i e r  on a 50 micron th ic% di f fe rent  brand t e f lon  PEP sample 
with no damage t o  i ts  reflector.-  

During the  supplementary t e s t ,  p a r t i a l  l o s s  of the  re f lec-  
t o r  on the  f i r s t  brand of samples was confirmed a f t e r  1600 ESH 
( g . 1 1 ,  D )  Here two samples of the  other brand (fig.11, B) 
show no damage t o  t h e i r  r e f l ec to r s ,  Over 1800 ESH they reveal  
only moderate (I increases despite grounded ITO. Their surface 
r e  istanceq,,are f a i r l y  high (see t s b l e  11) and f luc tua te  between 
10 and 10 0 ohm. I n  pa r t i cu la r  a f t e r  the  second appl icat ion 
of charged p a r t i c l e s  , accelerated d s  decay is  noticed during 
the  subsequent UV exposure. 

Teflon FEP with IF-Fi l ter  
11000 ESH Exposure : During the  course of the 11000 ESH 

exposure alpha-s increases from O , 1 1  t o  0,14 and O,l5(table I, 
f ig .1 ,  B). Small reflectance losses  adjacent t o  the  I F - f i l t e r  
s p e c t r a l  cha rac te r i s t i c  a re  the cause. The f i l t e r  ref lectance 
maximum sagged from 97% down t o  9M.- According t o  J.Stevens 



e t  a l .  ( re f  - 6 )  under chsrged p a r t i c l e  exposure on die1ect:~:i.c 
surfaces  re ta rd ing  p o t e n t i a l s  develop. Here such p o t e n t i a l  
prevents  e lec t rons  from pene t ra t ing  deep i n t o  t he  sample materi- 
a l .  It can be est imated,  t h a t  a l l  e l ec t rons  a r e  stopped within 
t h e  I F - f i l t e r .  Fur ther ,  the  I F - f i l t e r  r e f l e c t s  within i ts  
s p e c t r a l  c h a r a c t e r i s t i c  t he  UV r a d i a t i o n ,  before it can reach 
t h e  t e f l o n  substrate.-  After  11000 ESH t h e  only v i s i b l e  changes 
of these  SSM were mosaic l i k e  f r a c t u r e s  wi thin  the  f i l t e r .  

During the  supplemental t e s t ,  two samples ( f i g . I I ,A) ,  
i d e n t i c a l  t o  those of t he  long term t e s t  ( f ig . I ,B)  show a f t e r  
t h e  second e lect ron and proton., app l ica t ions  only neg l ig ib l e  
changes of ot , l e s s  severe than those encountered during t h e  
long term t e s f .  However, during the  long term t e s t  f irst  
1800 ESH these samples experienced higher c h ~ r g e d  p a r t i c l e  doses. 

Teflon FEP with IF-F i l t e r  and IT0 

Af te r  1500 ESH t h i s  sample (fig.11,C shows a a@ of 0,05, 2 with cherged p r r t i c l e  doses i n  t he  1015/cm range ( tabf  e  11).  
I ts  sur face  r e s i s t ances  a r e  high and f l u c t u a t e .  It is d i f f i c u l t  
t o  asses  , how much of i t s  sur face  con t r ibu tes  t o  t h e  conduc- 
tance. Each of t h e  two charged p a r t i c l e  adminis t ra t ions  l eads  
t o  accelera ted Us changes during the  fol lowing UV exposure. 
P r i o r  t o  c h ~ r g e d  p a r t i c l e  app l ica t ion  i ts  alpha-s remains un- 
changed during UV only exposure. The t iming of t he  e l ec t ron  
and proton appl ica t ions  is  of importance f o r  i t s  alpha-s per- 
f  ormance . 

Teflon FEP with PMMA Varnish, IF -F i l t e r  and IT0 
Here alpha-s increases  f a i r l y  s t eep ,  and near ly  doubles 

during the  f i r s t  1200 ESH. It reaches 85 $ of i ts  f i n a l  value 
a f t e r  1800 ESH. Within t he  first 1800 ESH the  sur face  r e s i s t ances  
f l u c t u a t e  between 3 and 69 O K  ohm, La te r  they increase  by a 
few orders  of magnitude. How much of t h e  IT0 remains ground 
connected i s  d i f f i c u l t  t o  asses .  Probably t h e  alpha-s chmges 
would have been more severe ,  i f  the  r e s i s t a n c e s  had not increased.  

Microscopic inspect ion revealed a s  msny mosaic l i k e  f r ac -  
t u r e s  within t h e  I F - f i l t e r ,  a s  were encountered on such szrnples 
without PMMA varnish  and without ITO. Here t he  s p e c t r a l  r e f l e c -  
tance curves imply s t e p  by s t e p  break down of t h e  I F - f i l t e r  i n  
t he  course of the  11000 ESH exposure. 

About 3 % shrinkage of t he  PMPIA varn i sh  with f r a c t u r e s  of 
micron s i z e  were recorded. Scanning e l ec t ron  beam mic rosco~e  
s t u d i e s  showed p a r t i a l l y  coagulstez I n  0  i n  form of t i n y  hrop- 
l e t s ,  2  3 

CONCLUDING REPIARKS 
According t o  t he  preceding t e s t  r e s u l t s ,  during extended 

space missions i n  a  geostat ionary o r b i t  only those SSM with 
I F - f i l t e r  protect ion y i e l d  s u f f i c i e n t  alpha-s s t a b i l i t y .  I n  



conjunction with an IT0 top layer, however, they ha.ve two draw- 
backs : Under the reported test conditions with W-radiation, 
and 20 Kevolt electrons and protons they suffer under accelerated 
alpha-s deterioration. Secondly, IF-filter fracture leads to loss 
of conductivity . 

Comparison of the test results, gained from the SSM with 
IF-filter protection with those,that carry grounded conductive 
top layer leads to the conclusion, that the charged particle 
energies predominently affect the SSM alpha-s stability(ref.13, 
1 4  According to Holman (ref.16) under"severel' solar substorm 
conditions the max. electron and proton energies range around 
12 Kevolt. During "mild" and also during llmoderatell substorm 
activities , their energies are 3 to 6 Kevolt. Their intensi- 
ties are similar to those of a "severe" su storm, where she inte- 

S lg gral particle flux er year amounts to 10 electrons/cm and 
2 x 1014 protons/cm . Garett (ref.17) suggests Maxwell-Bolzmann 
energy distributions for the charged pa.rticles. With such distri- 
bution the majority of particles have energies of less than 12 
Kevolt, Less energy means less damage. (This also applies to 
the probability of electrical discharges due to charge build up 
within the bulk of the SSM (ref.18) ). 

Consequently , the presented results may not be identical 
with the alpha-s deterioration of SSM in a geostationary orbit. 
For a more realistic damage evaluation, therefore simulation of 
the actual space environmental radiation conditions is mandatory, 
Referring to Holman and Garett , the charged-particle energies 
applied here by far exceed those of the synchronous orbit. 
Also monoenergetic particles should he replaced by particles 
with energies ya that come close to those of a Maxwell distribut- 
ion. 

To comply with the requirement for conductive surfaces with- 
out resistance fluctuations and resistance changes, improved 
substrates are demanded, To increase its tensile strength, 
teflon FEP reenforced with quartz fiber may be of advantage for 
IF-filter deposition. The quartz fiber refractive index nearly 
matches that of teflon FEP, and quartz fiber is even more resis- 
tant to UV radiation, as the plastic is. 

Further investigations of this technology, however, only are 
warranted, if the actual space environment radiation conditions 
are less severe, than those simulated during the 11000 ESH 
and the supplementary tests, reported here, 
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APPENDIX 
The Schonland equation, used here , is  

with U t h e  acce le ra t ion  pot n t i a l  i n  v o l t s ,  and 9 t he  dens i ty  of 8 t h e  sample mater ia l  i n  g/cm . S i s  the  e lec t ron  pene t ra t ion  
depth i n  cm, 

This equation may be applied wi thin  t h e  energy range from 
5 Kevolt t o  100 Kevolt ( r e f ,  13, 14). 

ADDENDUM 

Microscopic inspect ion of t h e  repor ted samples d id  not  
revea l  punchthrough e l e c t r i c a l  discharges . However , damage 
due t o  surface  disch3rges on samples without IT0 , i n  p a r t i c u l a r  
on those  with I F - f i l t e r ,  was noticed ( r e f .  19) .  

Fig. 3 presents  t he  exposure dependent alpha-s d a t a  of t h e  
f i r s t  11000 ESH SSM sample t e s t .  Here t h e  AGS come c lose  
t o  those  of t h e  second 11000 ESH exposure. The charged p a r t i c l e  
energies were maintained a t  20 Kevolt,  corresponding t o  those of 
t h e  second long durat ion t e s t ,  - Here IT0 were grounded within 
t h e  vacuum chamber, Therefore no sur face  r e s i s t ance  d a t a  a r e  
avai lable .  - The subs t r a t e s  of t h e  samples represented by curves 
A ,  C ,  and D a r e  125 u t h i c k  t e f l o n  FEP ; t h a t  of curve B i s  
50 u th ick .  - A l l  t k s t e d  SSM have vapor deposi ted Ag r e f l e c t o r  
w i t 6  Inconel corrosion protect ion.  

Sample "curve An c a r r i e s  a  seven l a y e r  Z n s / ~ l  0  i n t e r -  
ference  f i l t e r .  Sample C corresponds t o  t h a t  o f  cur?e3 A ,  but 
c a r r i e s  i n  add i t ion  a  grounded IT0 top  layer .  Sample Itcurve D" 
has a  PMMA varnish  f i l m  sandwiched i n  between the  t e f l o n  sub- 
s t r a t e  and t h e  I F - f i l t e r ,  R ground connected IT0 tops  t h e  
mul t i layer  SSM. Sample "curve B" i s  of a  d i f f e r e n t  brand. Here 
t h e  ungrounded IT0 has been vapor deposi ted on t e f lon .  

36 1 



Table I. 11000 ESH Teflon PEP SSM Exposure 
Alpha-S and Surface Resistance Data 

In t eg ra l  Fluxes 

Table 11. Alpha-S and Resistance Data of t he  Al ternate  
UV, Electron,  and Proton Expogures 

- 

2 e-Jcm 
. P /cm 

ESH - UV 

SAMPLES 

Teflon FEP 
t I F  + IT0  

Teflon PEP 
+ IT0 

INTEGRAL CHARGED PARTICLE FLUX 

1500 

Q Ohm 

3 x l ~ 1 3  

4x10~ 
~ X I O ~ ~ ,  

S U R F A C E  R E S I S T A N C E S ,  

A L P H A - S  
1200 

1x1 0' 
2x1 0' 

~ ~ 1 0 ~  

10" 
2x10~' 

600 

5 x 1 0 ~ ~  

7 x 1 0 ~ ~  
6 x 1 0 ~ ~  

5x1010 

2 x 1 0 ~  
lo9  

5x1 0 14 
9x1 0'' 

0 

7x1017 

5x10; 
8x10 

700 



F i g .  11000 ESH EXPOSURE OF TEFLON FEP SSM 
A : + IF-Fi l ter  + IT0 + PMMA C : p l a i n  Teflon 
B : + IF-Fi l te r  D : + IT0 

EQIlIV41.ENT SUN HOURS . ESH 
A 

500 1 qnn 1500 2000 

Fig,2. ALTIBNATE MPOSURE TO W, ELECTRONS, and PROTONS 
OF TEFLON FEP SSM 

A : + IF-Fil ter  C : + IF-Fi l ter  + I T 0  
B : + I T 0  D : p la in  Teflon 



Fig. 3. First 11000 ESH Exposure Test of Teflon FEP SSM 

A ,  C ,  D 125 u Teflon FEP 
B 50 <u Teflon FEP 

/ 
Ag Reflector with Inconel Corrosion Protection 
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