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The workshop considered t h e  GaAs s o l a r  c e l l  c a p a b i l i t y  and promise i n  
s e v e r a l  s t e p s :  

(1) Maximum e f f i c i e n c y  
(2) Space a p p l i c a t i o n  
(3) Major technology problems 

( a )  AR coa t ing  opt imiza t ion  
(b) Contacts  

(4) Radia t ion  r e s i s t a n c e  
(5) Cost and a v a i l a b i l i t y  
(6) A l t e r n a t i v e s  

The workshop b e l i e v e s  t h a t  GaAs s o l a r  c e l l s  a r e  f a s t  approaching t h e  f u l -  
f i l l m e n t  of t h e i r  p o t e n t i a l  a s  candida tes  f o r  space c e l l s .  A maximum e f f i c i e n c y  
of 20 t o  3 1  percent  AM0 can be reasonably expected from GaAs based c e l l s ,  and 
t h i s  may go a l i t t l e  h igher  w i t h  concent ra t ion .  The use  of concen t r a t ion  i n  
space needs t o  be  more c a r e f u l l y  eva lua ted .  

The space a p p l i c a t i o n  of t h e  c e l l s  seems q u i t e  j u s t i f i e d  i n  view of t h e  
high e f f i c i e n c y  and t h e  good r a d i a t i o n  damage d a t a  obtained t o  d a t e .  However, 
more ex tens ive  t e s t i n g  of t h e  c e l l s  i s  necessary  be fo re  they  can be space 
q u a l i f i e d  f o r  u s e  i n  a c t u a l  space missions.  Some small-scale  f l i g h t  t e s t s  
have t o  be  conducted fol lowing a r i go rous  q u a l i f i c a t i o n  scheme be fo re  t h e  c e l l s  
w i l l  b e  e a s i l y  accepted by t h e  space system community. The exac t  way 
t o  achieve  t h i s  d e s i r a b l e  r e s u l t  has t o  be developed. 

The major t echno log ica l  problems t h a t  need t o  be  solved a r e  t h e  e lec-  
t r i c a l  c o n t a c t s  t o  t h e  c e l l s  (metal lurgy,  bonding, and in te rconnect  problems) 
and t h e  op t imiza t ion  of AR coa t ing .  The r e l i a b i l i t y  of both t h e  c o n t a c t s  and t h e  
AR coa t ing  under a l l  p o s s i b l e  environmental cond i t i ons  l i k e l y  t o  be  encountered 
i n  a c t u a l  missions (humidity,  temperature,  she l f  l i f e )  and t h e i r  a c c e p t a b i l i t y  
f o r  a l l  p rocess  v a r i a b l e s  ( e s p e c i a l l y  bonding and panel  in te rconnect  and panel  
deployment dur ing  launch and l i f e  i n  space)  a r e  s t i l l  a s e r i o u s  concern and need 
t o  be  evaluated.  Some of t h e s e  are engineering problems and would need a supply 
of c e l l s  made under wel l -cont ro l led  cond i t i ons  t o  ensure  t h e  c e l l ' s  un i formi ty  
and reproducibility."Research" c e l l s  would n o t  be  adequate t o  meet t h i s  need. 

The 11R coa t ing  problem is s t i l l  somewhat open. The b e s t  known cand ida t e  
t h a t  has  been most i n  u s e  i s  Ta205. This  m a t e r i a l  has  been space q u a l i f i e d  f o r  
S i  c e l l s  and is  reasonably s a t i s f a c t o r y  f o r  t h e  h e t e r o s t r u c t u r e  c e l l s  w i t h  
(A1Ga)As a s  a window l a y e r .  However, a n  oxide,  even though r e f r a c t o r y ,  may 
have l i m i t a t i o n s  i n  (A1Ga)As and needs t o  be  looked a t  more c a r e f u l l y .  A l t e r -  
n a t i v e s ,  such a s  S i  N and Ti0  a r e  s t i l l  t o  be  f u l l y  evaluated.  S i l i c o n  n i -  
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t r i d e  may have s p e c i a l  v a l u e  and has been used on a r e s e a r c h  b a s i s ,  e s p e c i a l l y  
wi th  t h e  homojunction c e l l s  developed by Lincoln Laboratory, MIT. 

The homojunction c e l l s  produced by CVD have s e v e r a l  a t t r a c t i v e  f e a t u r e s  
and need t o  be  examined c a r e f u l l y  f o r  t h e i r  p o t e n t i a l .  They o f f e r  t h e  n on p 
s t r u c t u r e ,  and, s i n c e  they  a r e  being produced by CVD, can b e  f a b r i c a t e d  on G e  
and poss ib ly  on o t h e r  s u b s t r a t e s .  The CVD approach i s  thus  an  a l t e r n a t i v e  and 
complement t o  t h e  p r e s e n t l y  developed LPE c a p a b i l i t y  and should b e  developed i n  
p a r a l l e l  w i t h  t h e  f u l l  r e a l i z a t i o n  of t h e  LPE GaAs c e l l s .  

While t h e r e  i s  a cons ide rab le  amount of s c a t t e r e d  d a t a  on GaAs c e l l s  w i t h  
r e spec t  t o  t h e i r  r a d i a t i o n  damage c h a r a c t e r i s t i c s ,  t h e  s c a t t e r  i n  them i s  con- 
s ide rab le .  This  a r i s e s  l a r g e l y  because t h e  c e l l s  a r e  made by a v a r i e t y  of me- 
thods wi th  l i t t l e  c o n t r o l  on t h e  s t r u c t u r a l  p r o p e r t i e s  t h a t  p lay  a major r o l e  
i n  c o n t r o l l i n g  t h e  r a d i a t i o n  damage c h a r a c t e r i s t i c s .  There a r e  s t i l l  uncer ta in-  
ties even about b a s i c  cons ide ra t ions  such a s  t h e  r e l a t i v e  r e s i s t a n c e  of n on p 
ve r sus  p on n s t r u c t u r e s .  The r e l i a b i l i t y  of va r ious  models which p r e d i c t  c e l l  
behavior needs t o  be evaluated more c a r e f u l l y ,  e s p e c i a l l y  i n  terms of d e f i n i n g  
r e l e v a n t  m a t e r i a l  parameters  more c a r e f u l l y .  The s i t u a t i o n  i s  r a p i d l y  improv- 
ing,  however, and i n  view of t h e  s h o r t  h i s t o r y  of t h e  h e t e r o s t r u c t u r e  GaAs c e l l  
compared t o  S i ,  i s  very  encouraging. 

The s u s c e p t i b i l i t y  of t h e  GaAs c e l l  t o  damage by low-energy pro tons  i s  a 
concern. However, t h i s  reg ion  i s  f o r t u n a t e l y  t h e  one f o r  which t h e  coverg lass  
o f f e r s  t h e  maximum pro tec t ion .  The th i ckness  of t h e  coverg lass  has  t o  be  
chosen c a r e f u l l y  f o r  each mission t o  minimize weight-to-power r a t i o  f o r  t h e  
panel  wi thout  jeopard iz ing  t h e  r a d i a t i o n  r e s i s t a n c e .  The damage equivalence 
(protons t o  e l e c t r o n s )  i s  no t  too  w e l l  known and needs t o  be  def ined  t o  permit  
space op t imiza t ion  of t h e  c e l l  and cove rg la s s  f o r  v a r i o u s  miss ions .  It is  
e s p e c i a l l y  important i n  t h i s  r e s p e c t  t o  work wi th  c e l l s  w i th  very  similar pro- 
p e r t i e s  and parameters  s o  t h a t  t h e  random s t r u c t u r a l  p r o p e r t i e s  of t h e  c e l l s  do 
not  a f f e c t  t h e  da t a .  

The las t  t o p i c  d iscussed  w a s  t h e  c o s t  and a v a i l a b i l i t y  of t h e  c e l l s .  The 
a v a i l a b i l i t y  of Ga was n o t  considered a primary problem, a t  l e a s t  f o r  any f o r -  
s eeab le  per iod  of t ime i f  space missions a r e  considered.  The p o s s i b i l i t y  of 
using G e  a s  a s u b s t r a t e  has  some short- term a t t r a c t i o n  because of t h e  h ighly  
developed Ge technology which makes l a r g e  a r e a  Ge s u b s t r a t e s  r e a d i l y  a v a i l a b l e .  
However, t h e  sources  of G e  a r e  few and i ts  c o s t  has  been r e c e n t l y  r i s i n g .  The 
c o s t  of G a  has  been, on t h e  o the r  hand, f a l l i n g .  The p o s s i b i l i t y  e x i s t s  of us- 
ing S i  a s  a s u b s t r a t e .  That w i l l  c e r t a i n l y  be  extremely a t t r a c t i v e ,  e s p e c i a l l y  
i f  t h i n  f i l m  c e l l s  can be  developed. A l a r g e  number of problems, however, need 
t o  be solved and a new technique such as t h e  Mo-CVD f u l l y  developed be fo re  a 
p r a c t i c a l  r e a l i z a t i o n  of t h i s  a t t r a c t i v e  a l t e r n a t i v e  can be f u l l y  eva lua ted .  

The advantages of CVD ve r sus  LPE were d iscussed  b r i e f l y .  The important  
po in t  is  t h a t  LPE is  he re ,  f u l l y  developed and producing space-quai l ty  c e l l s  on 
a c o s t  compet i t ive  b a s i s  w i th  t h e  present-day S i  c e l l s .  The a p p l i c a t i o n  of t h e s e  
c e l l s  t o  space  missions,  t o  a degree,  w i l l  on ly  s t r eng then  t h e  GaAs c e l l  accep- 
tance  i n  t h e  systems a r e a  and a l low f u r t h e r  development of GaAs c e l l s  f o r  f u t u r e  
expanded a p p l i c a t i o n .  Without such a c c e p t i b i l i t y ,  G a A s  c e l l s  may s t a y  a s  a 
c u r i o s i t y  w i th  promise f o r  a long time t o  come. 




