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SUMMARY 

The NASA program i n  space p h o t o v o l t a i c  research  and development encom- 
passes a wide range o f  emerging o p t i o n s  f o r  f u t u r e  space power systems, and 
i n c l u d e s  b o t h  c e l l  and a r r a y  technology development. The l o n g  range goa ls  a r e  
t o  develop techno logy  capable o f  a c h i e v i n g  300 W/kg f o r  p l a n a r  a r r a y s ,  and 
300 W/m2 for  c o n c e n t r a t o r  a r r a y s .  InP and GaAs p l a n a r  and c o n c e n t r a t o r  c e l l  
t echno log ies  a r e  under i n v e s t i g a t i o n  f o r  t h e i r  p o t e n t i a l  h i g h  e f f i c i e n c y  and 
good r a d i a t i o n  r e s i s t a n c e .  
gram i s  a near te rm e f f o r t  aimed a t  demonst ra t ing  130 W/kg b e g i n n i n g  o f  l i f e  
s p e c i f i c  power u s i n g  t h i n  (62  pm) s i l i c o n  c e l l s .  I t  i s  i n tended  t o  be tech-  
no logy  t r a n s p a r e n t  t o  f u t u r e  h i g h  e f f i c i e n c y  c e l l s  and p r o v i d e s  t h e  b a s e l i n e  
for development of t h e  300 W/Kg a r r a y .  

The Advanced P h o t o v o l t a i c  S o l a r  A r r a y  (APSA) p ro -  

INTRODUCTION 

NASA, th rough i t s  O f f i c e  o f  P r o p u l s i o n  and Power, conducts  a c o n t i n u i n g  
space energy convers ion  research  and techno logy  program o f  wide r a n g i n g  scope 
and c o n t e n t .  The p r imary  o b j e c t i v e  o f  the  program i s  t o  p r o v i d e  a broad 
techno logy  base t o  meet power system requ i rements  f o r  f u t u r e  space m iss ions ,  
i n c l u d i n g  growth space s t a t i o n ,  advanced E a r t h  o r b i t i n g  s a t e l l i t e s ,  l u n a r  and 
p l a n e t a r y  bases, and s o l a r  system e x p l o r a t i o n .  Power s y s t e m  requ i rements  for 
those f u t u r e  miss ions  w i l l  span the  range from a f e w  k i l o w a t t s  t o  megawatts, 
and o p e r a t i n g  l i f e t i m e s  w i l l  va ry  f rom 2 years  t o  perhaps m u l t i p l e  decades. 
I n  some m i s s i o n  scenar ios ,  such as a l u n a r  or Mars base, a new p l a n n i n g  e l e -  
ment w i l l  be i n t roduced :  the  m iss ion  c a p a b i l i t i e s  w i l l  evo l ve  ove r  t i m e  from 
t h e  i n i t i a l  o u t p o s t  w i t h  i n t e r m i t t e n t  o p e r a t i o n  t o  a permanent base w i t h  con- 
t i n u o u s  o p e r a t i o n .  The impact on power system requ i rements  and c a p a b i l i t i e s  
i s  j u s t  beg inn ing  t o  be assessed, b u t  i t  i s  c l e a r  t h a t  an e v o l u t i o n a r y  tech-  
no logy  development s t r a t e g y  w i l l  be needed t o  address t h i s  most amb i t i ous  o f  
a l l  manned space m iss ion  scenar ios .  A s  i n  any program o f  l i m i t e d  resources ,  



i t  i s  e s s e n t i a l  t o  address those techno log ies  t h a t  rep resen t  m i s s i o n  c r i t i c a l  
c a p a b i l i t i e s ,  and which have t h e  broadest  a p p l i c a t i o n  across the  e n t i r e  m i s -  
s i o n  s e t .  

The p h o t o v o l t a i c  element o f  t h e  space energy convers ion  program i s  
designed t o  p r o v i d e  the  techno logy  for  improved convers ion  e f f i c i e n c y ,  reduced 
mass, reduced c o s t ,  and inc reased  o p e r a t i n g  l i f e  o f  s o l a r  c e l l  c e l l s  and 
a r r a y s .  A t  p resent ,  t he  program i s  d i v i d e d  i n t o  a g e n e r i c  base R&T e f f o r t ,  
and a more focused e f f o r t  f o r  l u n a r  or Mars su r face  power systems under P r o j e c t  
P a t h f i n d e r .  Th is  paper w i l l  d i scuss  some o f  the  key techno log ies  under deve l -  
opement i n  the  base R&T program and how t h e y  a re  expected to  b e n e f i t  f u t u r e  
Agency m iss ions .  The program i s  d i v i d e d  r o u g h l y  i n t o  two elements ( t h a t  have 
s y n e r g i s t i c  o v e r l a p ) ,  each o f  which i s  managed by a separate research  c e n t e r .  
The Lewis Research Center  i s  r e s p o n s i b l e  p r i m a r i l y  f o r  research  and develop-  
ment o f  advanced space s o l a r  c e l l s  and f o r  i n v e s t i g a t i n g  issues  r e l a t i n g  t o  
advanced b l a n k e t  techno logy .  The Je t  P r o p u l s i o n  Labora to ry  i s  p r i m a r i l y  con- 
cerned w i t h  the  development o f  h i g h  per formance a r r a y  techno logy ,  and fo r  
m a i n t a i n i n g  eng ineer ing  d a t a  on the  r a d i a t i o n  damage r e s i s t a n c e  o f  c e l l s  t h a t  
a re  a v a i l a b l e  from commercial s u p p l i e r s .  The two c e n t e r s  a l s o  m a i n t a i n  f a c i -  
l i t i e s  f o r  d i r e c t  c e l l  c a l i b r a t i o n  a t  h i g h  a l t i t u d e ,  and bo th  p r o v i d e  sec- .. 
ondary s tandard  measurements f o r  f l i g h t  programs and fo r  assess ing  t h e  
progress  o f  i n d u s t r i a l  and u n i v e r s i t y  l a b o r a t o r y  advanced c e l l  development 
e f f o r t s .  

A s p e c i f i c  l o n g  range goal  o f  t h e  base R&T program i s  t o  deve lop  t h e  
techno logy  base fo r  p h o t o v o l t a i c  a r r a y s  w i t h  a s p e c i f i c  power of 300 W/kg a t  
beg inn ing  o f  l i f e  (BOL). Achievement o f  t h i s  techno logy  goal  w i l l  improve t h e  
pay load f r a c t i o n  o f  f u t u r e  e a r t h  o r b i t i n g  s p a c e c r a f t ,  and ex tend t h e  poten-  
t i a l  l y  u s e f u l  range o f  p h o t o v o l t a i c  power systems on i n t e r p l a n e t a r y  spacec ra f t .  
The inc reased  s o p h i s t i c a t i o n  and l o n g  l e a d  t i m e  o f  f u t u r e  m iss ions ,  a l o n g  w i t h  
a n t i c i p a t e d  launch v e h i c l e  c o n s t r a i n t s ,  w i l l  p l a c e  a premium on s y s t e m  r e l i -  
a b i l i t y ,  l i f e t i m e  and mass. For many c u r r e n t  s p a c e c r a f t  a lmost  h a l f  o f  t h e  
t o t a l  s p a c e c r a f t  mass i s  taken up by t h e  a u x i l i a r y  p r o p u l s i o n  and power sub- 
systems, w h i l e  the  pay load accounts f o r  about  o n e - f o u r t h  o f  t h e  t o t a l .  
Reducing t h e  mass o f  t h e  nonpayload p o r t i o n  o f  t h e  s p a c e c r a f t  by o n e - t h i r d  
would p e r m i t  a d o u b l i n g  o f  t h e  mass a l l o c a t i o n  for  t h e  pay load.  
a l l o c a t i o n  cou ld  be used for t h e  a d d i t i o n  o f  equipment to  enhance o p e r a t i o n s ,  
autonomy, r e l i a b i l i t y ,  redundancy and l i f e t i m e  o f  t h e  pay load.  

The e x t r a  mass 

The o v e r a l l  t h r u s t  o f  t h e  NASA space energy convers ion  research  and 
techno logy  program i s  aimed a t  a c h i e v i n g  these mass and r e l i a b i l i t y  b e n e f i t s .  
For example, c u r r e n t  s o l a r  a r r a y s  have s p e c i f i c  powers i n  t h e  range from 1 5  t o  
30 W/kg. NASA-sponsored techno logy  has a l r e a d y  shown t h a t  66 W/kg i s  ach iev-  
ab le ,  and the  program i s  now aimed toward a proposed demonst ra t ion  of 130 W/kg, 
u s i n g  t h e  NASA-developed 62 pm t h i c k  h i g h  e f f i c i e n c y  s i l i c o n  s o l a r  c e l l .  The 
preceed ing  work i s  desc r ibed  i n  t h e  s e c t i o n  on h i g h  per formance a r r a y s .  
Achievement o f  t h e  goal  ment ioned a t  t h e  o u t s e t ,  i . e . ,  300 W/kg, e s p e c i a l l y  
when coupled w i t h  improved r a d i a t i o n  r e s i s t a n c e ,  w i l l  r e q u i r e  n o t  o n l y  improve- 
ments i n  a r r a y  s t r u c t u r e s  and b l a n k e t s ,  b u t  new, u l t r a h i g h  s p e c i f i c  power s o l a r  
c e l l s  as w e l l .  Some o f  t h e  work on advanced c e l l  techno logy  i s  desc r ibed  i n  
t h e  n e x t  s e c t i o n  o f  t h e  paper .  The success fu l  r e a l i z a t i o n  o f  a l l  t h e  r e q u i r e d  
techno logy  elements w i l l  p r o v i d e  s p a c e c r a f t  des igne rs  w i t h  a t e n - f o l d  i nc rease  
i n  s o l a r  a r r a y  s p e c i f i c  power compared t o  p r e s e n t  p r a c t i c e ,  and open up new 
m i s s i o n  o p p o r t u n i t i e s  p r e v i o u s l y  though t  i n a c c e s s i b l e  t o  p h o t o v o l t a i c  power 
sys terns. 
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ADVANCED SOLAR CELL TECHNOLOGY 

The research  on h i g h  performance s o l a r  c e l l s  conducted by NASA Lewis i s  
focused on r a d i a t i o n  t o l e r a n c e  and h i g h  e f f i c i e n c y ,  w i t h  s p e c i a l  emphasis on 
i nd ium phosphide ( InP)  and g a l l i u m  a rsen ide  (GaAs) dev i ces .  
t h r e e  major  t h r u s t s :  
20 pe rcen t  AM0 e f f i c i e n c y  w i t h  1 p e r c e n t  or l e s s  deg rada t ion  i n  power a f t e r  
10 years  i n  GEO; (2) h e t e r o e p i t a x i a l  g rowth  o f  InP on a l t e r n a t e  s u b s t r a t e s  such 
as s i l i c o n  or germanium; and ( 3 )  demonst ra t ion  o f  h i g h  e f f i c i e n c y ,  u l t r a t h i n  
I n P  c e l l s  w i t h  improved r a d i a t i o n  r e s i s t a n c e  compared t o  GaAs and s i l i c o n .  
The papers by Weinberg, e t  a l .  ( r e f .  1 )  and by B r i n k e r ,  e t  a l .  ( r e f .  2 )  i n  t h i s  
volume p r o v i d e  an e x c e l l e n t  update on some r e c e n t  r e s u l t s  and t h e  p o t e n t i a l  of 
t h i s  e x c i t i n g  new c e l l  techno logy .  Other  d e t a i l s  appear i n  t h e  paragraphs 
below. 
o f  h i g h  e f f i c i e n c y  c o n c e n t r a t o r  c e l l s ;  ( 2 )  demonst ra t ing  f e a s i b i l i t y  o f  the  
p o i n t  c o n t a c t  j u n c t i o n  geometry i n  GaAs; and ( 3 )  development o f  a V-grooved 
c e l l  geometry w i t h  improved e f f i c i e n c y  and r a d i a t i o n  r e s i s t a n c e  compared t o  
t h e  s tandard  c e l l  geometry. The paper by B a i l e y ,  e t  a l .  ( r e f .  3 )  desc r ibes  
t h e  l a t t e r  i n  more d e t a i l .  

The InP  work has 
( 1 )  demonst ra t ing  a c e l l  s t r u c t u r e  capable o f  a c h i e v i n g  

Work on GaAs c e l l s  s i m i l a r l y  has t h r e e  major  t h r u s t s :  ( 1 )  development 

I n  a d d i t i o n  to  t h e  areas ment ioned above, t he  Agency has a g rowing  i n t e r -  
e s t  i n  t h e  so -ca l l ed  t h i n - f i l m  c e l l  t e c h n o l o g i e s  such as amorphous s i l i c o n  and 
copper ind ium d i s e l e n i d e .  
( 1 )  t h e  p o t e n t i a l  r a d i a t i o n  r e s i s t a n c e  o f  these u l t r a - t h i n  dev i ces ,  and 
(2) t he  p o s s i b i l i t y  o f  t h e i r  ex t reme ly  low c o s t .  I n t e r n a l  Agency assessments 
i n d i c a t e  t h a t  these c e l l  t ypes  w i l l  o n l y  be o f  va lue  i f  they  can be i nco rpo ra -  
t e d  on v e r y  l i g h t w e i g h t ,  f l e x i b l e  s o l a r  a r r a y  b l a n k e t s  (such as Kapton) t h a t  
can be e a s i l y  deployed or e rec ted ,  and which have a l a r g e  v o l u m e t r i c  power den- 
s i t y  when stowed on a s p a c e c r a f t  d u r i n g  launch and t r a n s p o r t .  
b a s i c  s t a b i l i t y  i ssues  assoc ia ted  w i t h  these c e l l  t ypes  a r e  b e i n g  addressed i n  
t h e  Surface Power program, which has been d iscussed e lsewhere ( r e f .  4 ) .  

There a r e  two p r i m a r y  reasons f o r  such i n t e r e s t :  

Some o f  t h e  

Work on InP s o l a r  c e l l s  has r e s u l t e d  i n  an ach ieved e f f i c i e n c y  of 18.8 
pe rcen t  i n  l a b o r a t o r y  dev ices  ( r e f .  5) i n  an n / p  homojunc t ion  s t r u c t u r e .  A 
second c e l l  t ype ,  produced by s p u t t e r i n g  IT0 o n t o  InP  ( r e f .  6 > ,  has produced 
e f f i c i e n c i e s  i n  excess o f  16 p e r c e n t  and w i t h  a l e v e l  o f  r a d i a t i o n  r e s i s t a n c e  
e q u i v a l e n t  t o  t h a t  observed i n  t h e  OMCVD-produced homojunct ion d e v i c e  ( r e f .  7 ) .  
Efforts t o  f a b r i c a t e  I n P  c e l l s  on a l t e r n a t e  s u b s t r a t e s  have been d i r e c t e d  
e n t i r e l y  toward s i l i c o n  thus  f a r .  Progress  t o  da te  has been encourag ing ,  and 
d e s p i t e  the  l a r g e  l a t t i c e  mismatch t h a t  e x i s t s  between s i l i c o n  and InP,  i t  i s  
f e l t  t h a t  e p i t a x i a l  g rowth  can be accompl ished w i t h  s u f f i c i e n t l y  h i g h  e p i -  
t a x i a l  l a y e r  q u a l i t y  t h a t  e f f i c i e n c i e s  above 19 p e r c e n t  can be r e a l i z e d .  The 
f i r s t  dev ices  were produced w i t h  unop t im ized  growth  c o n d i t i o n s  and s t r u c t u r e s ,  
and had e f f i c i e n c i e s  above 9 p e r c e n t  ( r e f .  8). The i n t e n t  i s  t o  i n c o r p o r a t e  
t h e  o p t i m i z e d  h i g h  e f f i c i e n c y  s t r u c t u r e  t h a t  w i l l  be developed i n  t h r u s t  one 
on  an a l t e r n a t e  s u b s t r a t e  t o  improve ruggedness and reduce c o s t .  
t h i r d  a rea ,  t h e  u l t r a t h i n  I n P  c e l l ,  has j u s t  begun, and w i l l  u t i l i z e  t h e  CLEFT 
process developed by John Fan and co-workers t o  produce h i g h  s p e c i f i c  power 
GaAs c e l l s  ( r e f .  9 ) .  Once ach ieved,  t h e  CLEFT dev ice  w i l l  be m e c h a n i c a l l y  
bonded to  a low cost, rugged, l i g h t w e i g h t  s u b s t r a t e  and t e s t e d  for i t s  space- 
f l i g h t  wor th iness .  Both p l a n a r  and c o n c e n t r a t o r  c e l l  s t r u c t u r e s  w i l l  be 
i n v e s t i g a t e d  i n  a l l  o f  t h e  above work. 

Work i n  t h e  
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S i g n i f i c a n t  p rogress  on GaAs concen t ra to r  c e l l s  has been achieved 
r e c e n t l y ,  b o t h  i n  unders tand ing  i t s  r a d i a t i o n  r e s i s t a n c e ,  and i n  improv ing  i t s  
performance. Employing a p r i s m  cover  on t h e  c e l l  a l l o w s  for a much s i m p l e r  
and more e f f e c t i v e  p a r a l l e l  g r i d l i n e  p a t t e r n  t o  be used and s t i l l  m a i n t a i n  
good c u r r e n t  c o l l e c t i o n .  
t r a t o r  a r r a y  on o r b i t  i s  expected t o  be 100 O C .  P r i s m  covered c e l l s  o p e r a t i n g  
a t  100 suns and 100 O C  have exceeded 22 pe rcen t  e f f i c i e n c y  i n  l a b o r a t o r y  meas- 
urements a t  NASA Lewis.  The r a d i a t i o n  r e s i s t a n c e  of t h e  c o n c e n t r a t o r  c e l l  
s t r u c t u r e  i s  n o t  f u l l y  c h a r a c t e r i z e d ,  b u t  e a r l y  r e s u l t s  suggests t h a t  i t  i s  
n o t  much d i f f e r e n t  from t h a t  observed i n  p/n,,planar c e l l s .  A l though t h e  
r e f l e c t i v e  concen t ra to r  o p t i c s  t h a t  have been developed b y  NASA and t h e  A i r  
Force should p r o v i d e  s i g n i f i c a n t  s h i e l d i n g  from t h e  n a t u r a l  r a d i a t i o n  back- 
ground, t h e y  a l s o  r e s t r i c t  t h e  s p e c i f i c  power o f  such a r r a y s  t o  30 W/kg or 
l e s s .  Use o f  a l i g h t w e i g h t  r e f r a c t i v e  c o n c e n t r a t o r  such as t h e  domed m i n i -  
Fresnel  l e n s  under developement by NASA and t h e  S D I O  can r a i s e  t h e  s p e c i f i c  
power by a f a c t o r  o f  two o r  t h r e e ,  b u t  w i l l  r e q u i r e  t h e  c e l l  t o  be s i g n i -  
f i c a n t l y  more r a d i a t i o n  r e s i s t a n t  than i n  t h e  former case. 

The e q u i l i b r i u m  o p e r a t i n g  temperature o f  a concen- 

The fundamental  requi rements t h a t  must be met t o  demonstrate a h i g h  e f f i -  
c i e n c y  p o i n t  c o n t a c t  GaAs c e l l  a r e  reasonab ly  w e l l  understood (ref. 10). The 
s t r u c t u r e  should have a p- type,  h i g h  r e s i s t i v i t y  base w i t h  f u l l y  p a s s i v a t e d  
f r o n t  and back sur faces ,  and t h e  t o t a l  j u n c t i o n  areas shou ld  be on t h e  o r d e r  
o f  1 percen t  o f  t h e  c e l l  area. If the cell is to have good r a d i a t i o n  r e s i s -  
tance,  t h e  base d i f f u s i o n  l e n g t h  should be on t h e  o r d e r  o f  100 pm, and t h e  
s u r f a c e  p a s s i v a t i o n  should be u n a f f e c t e d  by bombardment of charged p a r t i c l e  
r a d i a t i o n .  P u t t i n g  t h e  j u n c t i o n  areas on t h e  back of t h e  c e l l ,  as i n  t h e  s i l i -  
con p o i n t  c o n t a c t  c e l l  ( r e f .  11) .  i m p l i e s  t h a t  u l t r a t h i n  c e l l s  w i t h  l i g h t  t r a p -  
p i n g  may be r e q u i r e d  f o r  maximum e f f i c i e n c y .  
ava i  1 a b l e  a t  p r e s e n t .  

No exper imenta l  d a t a  a r e  

Development o f  a h i g h  e f f i c i e n c y ,  l i g h t w e i g h t ,  rugged, r a d i a t i o n  r e s i s t -  
a n t  s o l a r  c e l l  i s  an e s s e n t i a l  e lement o f  t h e  NASA program t o  demonstrate t h e  
techno logy  needed t o  achieve an a r r a y  s p e c i f i c  power o f  300 W/kg for a dep loy-  
a b l e  p l a n a r  a r r a y .  The Agency a l s o  has t h e  goal  t o  demonstrate techno logy  f o r  
a c h i e v i n g  300 W/m2 a t  s p e c i f i c  powers approaching 100 W/kg i n  c o n c e n t r a t o r  
a r r a y s .  E x c e l l e n t  p rogress  toward b o t h  s e t s  o f  goa ls  con t inues  t o  be made. 

H I G H  PERFORMANCE SOLAR ARRAYS 

The key  element i n  t h e  p resen t  JPL h i g h  performance a r r a y  development work 
i s  t h e  t h i n  (62  pm) s i l i c o n  s o l a r  c e l l .  The p r e s e n t l y  a v a i l a b l e  d e v i c e  rep-  
r e s e n t s  t h e  r e s u l t s  o f  many years  development,  from i n i t i a l  d e v i c e  r e s e a r c h ,  
t o  p i l o t  l i n e  o p e r a t i o n ,  and f i n a l l y  t o  c i r c u i t  assembly and t e s t .  The l i g h t -  
we igh t  c e l l ,  i n  combinat ion w i t h  a t h i n  p r o t e c t i v e  cover ,  a l l o w s  t h e  assembly 
o f  v e r y  low mass c i r c u i t s  and b l a n k e t s .  The r e d u c t i o n  o f  t h e  b l a n k e t  mass then 
a l l o w s  t h e  mass o f  t h e  suppor t  s t r u c t u r e  t o  be s i g n i f i c a n t l y  reduced, y e t  
s t i l l  p r o v i d e  s u f f i c i e n t  s t i f f n e s s  and s t r e n g t h .  

I n  1985, t h e  program emphasis on t h e  development of advanced a r r a y  compo- 
nents  was reduced i n  o r d e r  t o  i n i t i a t e  t h e  des ign  and f a b r i c a t i o n  o f  a p ro to -  
t y p e  wing t h a t  would demonstrate t h e  i n t e g r a t i o n  o f  v a r i o u s  a r r a y  e lements,  
such as t h i n  c e l l s  and covers,  and l i g h t w e i g h t  subs t ra tes  and deployment sys- 
tems. That e f f o r t ,  APSA (Advanced P h o t o v o l t a i c  S o l a r  A r r a y ) ,  i s  p r e s e n t l y  i n  

4 



hardware fabrication phase and is expected to demonstrate the capabi 1 i ty for 
achieving greater than 130 W/kG for a 5 kWe (BOL) deployable wing (ref. 12). 
The wing design is scalable over a range of approximately 2 to 1 3  kW by chang- 
ing width and length. Since certain elements such as the blanket housing and 
deployment motor do not change linearly with array power, the specific perform- 
ance will range from approximately 90 to 150 W/kg from smallest to largest 
power levels. These high specific power values were achieved by commitment to 
low array mass and avoiding the tendency to increase mass by the addition of 
features that were not absolutely necessary. For example retraction is not a 
feature of the APSA design. JPL and TRW surveys of potential users indicated 
that although many endorsed array retraction and restowage, few could actually 
cite a mission or requirement that would actually require retraction. Conse- 
quently the present APSA design will not retract and relatch without manual 
assistance. At the same time the design can be modified at a modest mass 
penalty to provide automated retraction and relatching, if required. 

Although APSA is based on the use of thin silicon cells, it is felt that 
more advanced cell types can be readily used when available. Initial pros- 
pects include thin GaAs and InP based devices, most likely on a rugged sub- 
strate. Due to the high density of the 111-V materials, it is necessary that 
their thickness be on the order of a few mils for that array specific per- 
formance to complete with values obtained with thin silicon. However, the 
higher available cell efficiencies will allow for a reduction in required 
array area, a feature which can be important in some applications. In con- 
trast, a number of thin film materials such as CuInSe2 and amorphous sili- 
con, due to their extreme thinness, offer the potential for very high specific 
performance, even at low overall efficiency (9-10 percent). Typically, a large 
increase in array area will be required when compared to the single crystal 
devices. However, if encouraging preliminary results on radiation resistance 
can be maintained for higher efficiency spaceworthy configurations, thin film 
array areas for severe radiation environments may be comparably small. At 
this point in time these thin film materials present many difficulties before 
being capable of space applications. These include problems of uniformity, 
stability, and the lack of availability in the form of a large area flexible 
film blanket. 

A s  the development o f  the APSA prototype nears completion, the advanced 
array development program will then address ground based testing, and ulti- 
mately a space based test of the electrical and dynamic characteristics. At 
the same time emphasis will again be placed on array component technology 
development including evaluation of environmental, electrical and mechanical 
properties of the next generation of solar cells. Structure development will 
address questions of increased strength for enhanced spacecraft maneuverability 
and for lunar and planetary applications. 
cell blanket configuration will be examined to ascertain alternative stowage, 
deployment, and structural concepts. Array design for power levels beyond the 
APSA limits will be examined for potential SEP missions. The long term goal 
at this time still is to achieve extremely high specific performance (300 W/kg> 
for a wide range of mission applications. 

The impact of a truly "flexible" 

CONCLUSIONS 

The major requirements for space photovoltaic solar arrays and cells are 
high efficiency, low mass and survivability in the naturally occurring charged 
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p a r t i c l e  space r a d i a t i o n  env i ronment .  The NASA space p h o t o v o l t a i c  program i s  
d i r e c t e d  a t  p r o v i d i n g  the  techno logy  base fo r  a c h i e v i n g  such performance, and 
w i l l  p r o v i d e  a v a r i e t y  c e l l  and a r r a y  o p t i o n s  f o r  f u t u r e  m iss ion  p lanners  t o  
cons ide r .  
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