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Th workshop addre ed t h r e e  i s s u e s  i n  r e s p e c t  t o  t h e  NASA s o l a r  c e l l  tech- 
nology requirements f o r  f u t u r e  o r b i t a l  missions.  F i r s t ,  we  i d e n t i f i e d  technol- 
ogy areas t h a t  w e r e  considered most s i g n i f i c a n t  and ind ica t ed  what d e f i c i e n c i e s  
and concerns w e  had wi th  each area. 
t a sks  should be undertaken t o  reduce t h e  c o s t s  and r i s k s  of  f u t u r e  o r b i t a l  power 
systems. Th i rd ,  we made an at tempt  t o  i d e n t i f y  t h e  lowest  p r i o r i t y  i t e m s  i n  t h e  
present  program i n  t e r m s  o f  conten t  and t iming. 

Second, w e  made recommendations of what 

TECHNOLOGY DEFICIENCIES AND CONCERNS 

Three technology areas w e r e  i d e n t i f i e d  as be ing  most s i g n i f i c a n t ,  and t h e  
The t h r e e  most s ig-  concerns f o r  each are l i s t e d  a long  wi th  some conclusions.  

n i f i c a n t  areas w e r e  r a d i a t i o n  r e s i s t a n c e ,  manufacturing c a p a b i l i t y ,  and c o s t  
reduct ion.  The comments made f o r  each area are l i s t e d  here :  

(1) Radia t ion  resistance: This  area w a s  considered more important  than  

The 
e f f i c i e n c y .  Of p a r t i c u l a r  concern w a s  end-of-mission-life e f f i c i e n c y .  It w a s  
noted t h a t  m i l i t a r y  requirements are o f t e n  q u i t e  d i f f e r e n t  than  NASA's. 
conclusions w e r e  t h a t  w e  s t i l l  have many approaches a v a i l a b l e  t o  improve end-of- 
l i f e  ou tput  , t h a t  good r a d i g t i o n  r e s i s t a n c e  and h igh  e f f i c i e n c y  are compatible 
ob jec t ives ,  t h a t  both material p r o p e r t i e s  and impur i ty  c o n t r o l  are major f a c t o r s  
t o  be b e t t e r  understood, and t h a t  o t h e r  materials such as ga l l ium a r sen ide  and 
amorphous s i l i c o n  provide  new o p p o r t u n i t i e s  f o r  progress .  

(2) Manufacturing c a p a b i l i t y :  The concern he re  w a s  t h e  c a p a b i l i t y  and 
a v a i l a b i l i t y  of  new improved s o l a r  cells such as t h i n  2-mil cells  and wraparound 
cells. The comment w a s  made t h a t  u s e r s  must provide  t h e  i n c e n t i v e  f o r  t h i s  area 
by dec id ing  t o  use new technology. 
p i l o t  p roduct ion  of  t h e  new technology, and t h i s  t akes  a l o t  of t i m e  and money. 
It w a s  f e l t  t h e r e  w a s  no t  s u f f i c i e n t  backing of t h e  manufacturing programs t o  
meet t h e  t i m e  scales p ro jec t ed .  Also t h e r e  w a s  a f e e l i n g  t h a t  t h e  q u a l i f i c a t i o n  
and i n t e g r a t i o n  s t e p s  f o r  achiev ing  technology r ead iness  were unce r t a in .  The 
conclusions were t h a t  more s t i m u l a t i o n  of  thin-2-mil-cell  and wraparound-cell 
manufacturing c a p a b i l i t y  i s  needed, t h a t  sus t a ined  comitments are needed, t h a t  
t h e r e  is  no assurance  t h e s e  new technologies  w i l l  be  a v a i l a b l e  when needed, t h a t  
long-range p l ans  and expected commitments are n o t  s u f f i c i e n t  assurance  t o  manu- 
f a c t u r e r s ,  and t h a t  l a r g e  s u r p r i s e  program requirements (such as comet i o n  
d r ive )  could d i s r u p t  i n d u s t r y  and cause problems. 

There is  a need f o r  t o o l i n g  bui ldup and 

(3) Cost reduct ion:  This  w a s  s t a t e d  t o  be "a can of worms." High-volume 
The ter- product ion does not  seem t o  be  j u s t i f i e d  by near-term program plans .  
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rest r ia l  cost-reduct ion program w i l l  have a very l i m i t e d  impact over t h e  next  
5 years .  Terrestrial and space technology may even be  incompatible.  But, over  
t h e  long  run, they w i l l  probably be  compatible and may merge toge ther .  The 
conclusions were t h a t  t h e  approach should be t o  reduce t h e  c o s t  of high-qual i ty  
cells r a t h e r  than  t o  inc rease  t h e  performance and r e l i a b i l i t y  of a low-cost 
ce l l ,  t h a t  near-term c o s t  reduct ions  are a problem because of low-volume pro- 
duct ion,  t h a t  t h e  long-term cost-reduct ion goa ls  can probably be  m e t  i f  t h e  
volume p r o j e c t i o n s  are c o r r e c t  and terrestrial technology merges wi th  space 
technology, and t h a t  GaAs ce l l  c o s t  reduct ion  is  a major problem. 

( 4 )  Other concerns: E f f i c i ency  is a major c o s t  d r i v e r  on t h e  complete 
system. S i l i c o n  ce l l s  are w e l l  developed, wi th  open-circui t  vo l t age  the  last  
hurdle .  GaAs cel ls  are c l o s e r  t o  t h e  t h e o r e t i c a l  l i m i t .  Other approaches t h a t  
w i l l  l e a d  t o  25 percent  o r  g r e a t e r  e f f i c i e n c y  are a major problem. The conclu- 
s i o n s  w e r e  t h a t  25 t o  30 percent  e f f i c i e n c y  would no t  be  needed i n  t h e  next  
10  yea r s ,  t h a t  w e  must cont inue t o  b u i l d  a good research  base  f o r  f u t u r e  
t h r u s t s ,  t h a t  t h e r e  i s  no need t o  accelerate i n  t h i s  area b u t  w e  should cont inue  
as we  are, and t h a t  l a c k  of  b a s i c  knowledge is  a s e r i o u s  def ic iency .  

Process  technology is  p r imar i ly  concerned w i t h  con tac t ing  methods al though 
Welding technology i s  not  w e l l  advanced and imple- they are not  now a problem. 

mented, e s p e c i a l l y  on very t h i n  cells. Thin cover g l a s s e s  are a l s o  n o t  
r e a d i l y  ava i l ab le .  The nonglass cover technology is  no t  a n e c e s s i t y  but  is  
h ighly  d e s i r a b l e  s i n c e  g l a s s  problems are no t  f u l l y  known. 
technology is  i n  p r e t t y  good shape, bu t  a b s o r p t i v i t y  c o n t r o l  s t i l l  needs im- 
provement. 

Textur ized s u r f a c e  

RECOMMENDATIONS 

Two recommendations made by the workshop r e l a t e d  t o  a c t i v i t y  t h a t  w a s  
needed beyond t h a t  p re sen t ly  being done. 

(1) P i l o t  demonstration: It w a s  recommended t h a t  w e  start  demonstrat ing 
manufacturing c a p a b i l i t y  of  new c e l l  technology on a l a rge - sca l e  p i l o t  l i n e  
bas i s .  I n  p a r t i c u l a r ,  t h i n  cel ls  ( 2  m i l ) ,  wraparound cells,  and t h i n  g l a s s  
covers ( 2  m i l )  are important  technologies  t h a t  should be  brought t o  manufactur- 
i n g  readiness  as soon as poss ib le .  

(2) GaAs c e l l  technology: It w a s  recommended t h a t  h igh-ef f ic iency ,  
r a d i a t i o n - r e s i s t a n t  GaAs cel l  technology be a c c e l e r a t e d  and brought t o  readi-  
ness. In p a r t i c u l a r ,  emphasis should be placed on con tac t  m e t a l l i z a t i o n ,  manu- 
f a c t u r a b i l i t y ,  material a v a i l a b i l i t y ,  t h i n  cells, and t h e  use  o f  concent ra t ion .  

LOW-PRIORITY AREAS 

The workshop be l i eves  t h a t  t h e  p re sen t  program is  a bare-minimum e f f o r t  
wi th  no obvious areas t h a t  are unimportant,  cons ider ing  t h e  ve ry  ambit ious 
la rge-sca le  missions be ing  p ro jec t ed  f o r  t h e  f u t u r e .  However, i f  a p r i o r i t y  
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r a t i n g  w e r e  t o  be appl ied  t o  t h e  s o l a r  ce l l  technology development program, t h e  
lowest p r i o r i t y  areas would be t h e  development of concent ra tor  cells and GaAs 
c e l l s .  Both of t hese  technologies  are f e l t  t o  be less important i n  t h e  near  
t e r m  and pr imar i ly  t o  provide advancements t h a t  could be  used 5 t o  10 y e a r s  
from now. 

277 


