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ABSTRACT 

The NASA program i n  photovol ta ic  energy conversion inc ludes  re- 
search and technology development e f f o r t s  on solar cel ls ,  b lankets ,  
and a r r ays .  The overall ob jec t ives  are t o  increase  conversion 
e f f i c i e n c y ,  reduce m a s s ,  reduce c o s t ,  and inc rease  opera t ing  l i f e .  
The p o t e n t i a l  growth of space power requirements i n  t h e  f u t u r e  pre- 
s e n t s  a major chal lenge t o  the  c u r r e n t  s ta te  of technology i n  space 
photovol ta ic  systems. 

INTRODUCTION 

The OAST Of f i ce  of Space Energy Conversion, formerly Space Power 
and Electr ic  Propulsion, supports ,  guides ,  and d i r e c t s  programs t o  
provide a power technology base t h a t  enables  and/or enhances c u r r e n t  
and f u t u r e  a c t i v i t i e s  i n  space explora t ion  and u t i l i z a t i o n  ( f i g u r e  1). 
With in  the Of f i ce  of Space Energy Conversion, t h e  Photovol ta ic  Energy 
Conversion program has t h e  s p e c i f i c  o b j e c t i v e  t o  improve conversion 
e f f i c i e n c y ,  reduce m a s s ,  reduce c o s t ,  and increase t h e  opera t ing  l i f e  
of photovol ta ic  conver te rs  and a r r ays .  The program seeks t o  do so by 
developing and applying an improved understanding of photovol ta ic  
energy conversion, and eva lua t ing  a broad range of advanced concepts 
for reducing cost and m a s s  of photovol ta ic  systems. 

PHOTOVOLTAIC ENERGY CONVERSION PROGRAM 

Major t h r u s t s  of  t h e  program f a l l  i n t o  t h r e e  areas: (1) device 
research and technology; ( 2 )  l o w  cost b l anke t  and a r r ay  technology; 
and ( 3 )  high performance b l anke t  and a r r a y  technology. A c t i v i t i e s  
i n  device R&T inc lude  fundamental s t u d i e s  of  r a d i a t i o n  damage and 
annealing; development of high s p e c i f i c  power cells: i d e n t i f i c a t i o n  
and demonstration of l o w  cost technologies i n  cel l  f a b r i c a t i o n ;  re- 
search  on advanced devices  such a s  t h e  mul t ip l e  bandgap cascade solar 
cel l  and su r face  plasmon conver te r ;  and f i n a l l y ,  research  on s e v e r a l  
types of concent ra tor  devices  such as spectro-  and thermophotovoltaic 
converters .  Low cost b l anke t  and a r r a y  a c t i v i t i e s  inc lude  fundamen- 
t a l  s t u d i e s  o f  solar ce l l  in t e rconnec t  welding, l a r g e  area s i l i c o n  
solar ce l l  development and a v a r i e t y  of p l ana r  and concent ra tor  a r r a y  
approaches. High performance B&A work i s  a t  p r e s e n t  focussed on 
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demonstrating r e l i a b l e ,  space-qualif  i a b l e  l igh tweight  b l anke t  and 
a r r ay  technologies  using t h e  OAST 2 - m i l  t h i n  s i l i c o n  cel l ,  A s  f u t u r e  
high performance, u l t r a l i g h t  cel ls  are developed, a c t i v i t i e s  i n  t h i s  
a r ea  a r e  expected t o  evolve t o  incorpora te  t h e m .  

TECHNOLOGY CHALLENGES 

Figure 2 i s  a summary of improvements i n  a r r a y  s p e c i f i c  power 
achieved over t h e  h i s t o r y  of t h e  space program. Advances i n  a r r a y  
and b l anke t  technology are p resen t ly  under i n v e s t i g a t i o n  which have 
t h e  p o t e n t i a l  t o  enable  a r r a y  s p e c i f i c  powers i n  excess of 150 W/Kg 
i n  t h e  nea r  t e r m .  A second goal  w i th in  s i g h t  i s  demonstration o f  
c r i t i c a l  technology advances needed for  300 W/Kg a r r a y  technology. 
Fur ther  advances are q u i t e  l i k e l y  i n  t h e  more d i s t a n t  f u t u r e .  

The  t r end  i n  a r r a y  s p e c i f i c  cost over the  p a s t  20 years  i s  shown 
i n  f i g u r e  3 .  It would appear t h a t  s i g n i f i c a n t  advances i n  cost- 
reducing technology must occur i f  the  order  of magnitude cost re- 
duct ion goa l  is to  b e  reached. T h e  decreases  i n  s p e c i f i c  c o s t  ob- 
served so f a r  have r e s u l t e d  p r imar i ly  from inc reases  i n  a r r a y  s i z e  
during t h a t  per iod  of t i m e .  Based on c u r r e n t  e s t ima tes  of t h e  SEPS 
a r r a y  s p e c i f i c  c o s t ,  t h e  NASA goa l  appears very ambitious. However, 
both inc reases  i n  s i z e  and t h e  i n t roduc t ion  of new technologies  can 
rea.sonably be  expected t o  a i d  t h e  d r i v e  toward lower cost. A number 
of s t u d i e s  have v e r i f i e d  t h i s  view and the  program w i l l  cont inue t o  
explore  promising approaches such as t h e  cas seg ra in i an  concent ra tor  
i d e n t i f i e d  i n  one such study. 

Figure 4 shows the  cumulative and annual amounts of pho tovo l t a i c  
power launched by NASA s i n c e  t h e  e a r l y  1960's. With t h e  exception of 
Skylab, t h e  annual rate has  been on t h e  order  of 2-4 k i lowa t t s  per  
year ,  and i s  n o t  expected t o  change much u n t i l  t h e  advent of l a r g e  
space s ta t ions ,  when mult i - tens  of k i l o w a t t  a r r a y s  w i l l  be requi red .  
Following t h a t ,  it is  p o s s i b l e  t o  imagine t h e  r o u t i n e  launch i n t o  
LEO and o ther  o r b i t s  of l a r g e  a r r a y s  f o r  var ious  NASA, commercial, 
and m i l i t a r y  app l i ca t ions .  Such a scena r io  p r e s e n t s  a major 
chal lenge t o  our  c u r r e n t  technology base. 

SUMMARY 

The NASA-OAST program i n  photovol ta ic  energy conversion is  a 
wel l - focussed,  y e t  broadly based program designed t o  provide techno- 
l o g i c a l  advances t h a t  enhance and/or enable  c u r r e n t  and f u t u r e  
a c t i v i t i e s  i n  space exp lo ra t ion  and u t i l i z a t i o n .  S i g n i f i c a n t  i m -  
provements have been achieved i n  ce l l  performance and i n  b lanket  and 
a r r a y  s p e c i f i c  power and l i f e t i m e .  Technologies directed a t  reducing 
cost for l a r g e  a r r a y s  have been i d e n t i f i e d ;  technologies  for  achieving 
high performance a r e  c u r r e n t l y  under i n v e s t i g a t i o n .  T h e  t r e n d  toward 
high power requirements p re sen t s  a major cha l lenge  t o  t h e  c u r r e n t  
s t a t u s  of technology development i n  space photovol ta ics .  
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Figure 1 

SPECIFIC POWER OF SOLAR ARRAYS 

6 E P S  

BTDRSS 

TELESCOPE 
&ACE 

1SO 1970 1980 1990 2o(wl 
TECHNOLOGY READINESS DATE 

Figure 2 

3 



SPECIFIC COST OF SOLAR ARRAYS 
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Figure 3 

SOLAR POWER LAUNCHED BY NASA 
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