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The r a d i a t i o n  damage workshop considered a v a r i e t y  of t o p i c s  among 
which were t h e  need f o r  e q u i v a l e n t  e l e c t r o n  f l uences  i n  g a l l i u m  arsenide, t h e  
p o s s i b i l i t y  of 15 pe rcen t  e n d - o f - l i f e  e f f i c i e n c i e s  f o r  s i l i c o n ,  i n c r e a s i n g  
r a d i a t i o n  r e s i s t a n c e  i n  g a l l i u m  arsenide, annea l i ng  o f  r a d i a t i o n  damage and 
t h e  need f o r  r a d i a t i o n  damage s t u d i e s  i n  cascade c e l l s .  

The workshop members agreed t h a t  a h i g h  p r i o r i t y  should be assigned 
t o  o b t a i n i n g  e q u i v a l e n t  e l e c t r o n  f l uences  f o r  g a l l i u m  a rsen ide  c e l l s .  It was 
suggested t h a t  1 MeV would be a reasonable e l e c t r o n  energy f o r  t h i s  purpose. 
Spec ia l  c a r e  snou ld  be g i v e n  t o  p r o t o n  i r r a d i a t i o n s  p a r t i c u l a r l y  f o r  ene rg ies  
below 1 MeV. I n  a d d i t i o n ,  o m n i d i r e c t i o n a l  r a t h e r  than  normal i nc idence  
p r o t o n s  shou ld  be used. 
o b t a i n i n g  damage c o e f f i c i e n t s  i n  g a l l i u m  arsenide. 
requi rement  f o r  a d d i t i o n a l  f l i g h t  data, e s p e c i a l l y  i n  p r o t o n  dominated 
o r b i t s .  These d a t a  a re  needed t o  f u r t h e r  check t h e  accuracy o f  t h e  1 MeV 
equiva lence f l uences .  

A t ta inmen t  o f  15 pe rcen t  e n d - o f - l i f e  e f f i c i e n c i e s ,  a f t e r  10 yea rs  i n  
geosynchronous o r b i t ,  was judged t o  be a p r a c t i c a l  goal  f o r  s i l i c o n .  T h i s  i s  
c o n d i t i o n e d  on a t t a i n m e n t  o f  BOL e f f i c i e n c i e s  o f  16 t o  18 percent .  
c e l l  t ypes  were suggested as p o s s i b l e  candidates,  p r o v i d e d  t h e  r e q u i r e d  
e f f i c i e n c i e s  c o u l d  be a t t a i n e d .  
proposed b y  M a r t i n  ido l f  a t  t h e  p resen t  conference, gal l ium-doped t h i n  d r i f t  
f i e l d  c e l l s ,  gal l ium-doped v e r t i c a l  j u n c t i o n  c e l l s ,  i f  used w i t h  heavy 
b a c k s h i e l d i n g ,  and 0.1 n-cm c e l l s  i f  annealable.  De fec t  c o n c e n t r a t i o n s  
should be k e p t  l ow  i n  t h e  s t a r t i n g  s i l i c o n .  

r e s i s t a n c e  i n  g a l l i u m  a rsen ide  s o l a r  c e l l s .  The major  r a d i a t i o n  induced 
de fec t ,  l o c a t e d  a t  midgap, i s  vacancy and s t o i c h i o m e t r y  r e l a t e d .  Process ing 
t o  min imize t h e  c o n c e n t r a t i o n  o f  t h i s  d e f e c t  i n  t h e  s t a r t i n g  m a t e r i a l  and 
i r r a d i a t e d  c e l l  would be  d e s i r a b l e .  
t h e  p resen t  AlGaAs/GaAs h e t e r o j u n c t i o n  c e l l  s, t o g e t h e r  w i t h  use o f  b e t t e r  
q u a l i t y  s u b s t r a t e s  shou ld  l e a d  t o  i nc reased  r a d i a t i o n  r e s i s t a n c e .  R a d i a t i o n  
damage research  u s i n g  techniques such as DLTS should be c o r r e l a t e d  w i t h  t h e  
p rocess ing  and f a b r i c a t i o n  procedures and used as a gu ide  t o  f u r t h e r  
improvements. 

decreased annea l i ng  t imes  a re  d e s i r a b l e  goa ls  f o r  b o t h  s i l i c o n  and g a l l i u m  
a rsen ide  c e l l s .  
considered, and i t  was concluded t h a t  a d d i t i o n a l  d a t a  a r e  needed t o  dec ide 
between t h e  two techniques.  
methods t o  accompl ish annea l i ng  i n  space. 
s e v e r a l  members o f  t h e  workshop f e l t  t h a t  accompl ish ing t h i s  i n  p r a c t i c e  would 
p r e s e n t  h i g h l y  u n d e s i r a b l e  problems i n  s p a c e c r a f t  des ign and opera t i on .  
However, i t  was p o i n t e d  o u t  t h a t  pu l sed  c u r r e n t  annea l i ng  had accomplished 
d e f e c t  r e d u c t i o n  and performance recove ry  i n  g a l l i u m  a rsen ide  c e l l s  and t h a t  
t h i s  technique, i f  used, would p resen t  a minimum of problems t o  s p a c e c r a f t  

It was a l s o  agreed t h a t  t h e r e  was a need f o r  
I n  s i l i c o n ,  t h e r e  i s  a 

Severa l  

C o n f i g u r a t i o n s  suggested were t h e  s t r u c t u r e  

Several  approaches show promise f o r  a t t a i n i n g  i nc reased  r a d i a t o n  

Decreased j u n c t i o n  depths, e s p e c i a l l y  i n  

Reduct ion o f  annea l i ng  temperatures below 2 W 0 C  t o g e t h e r  w i t h  

The e f f i c a c y  o f  p e r i o d i c  versus con t inuous  annea l i ng  was 

Some concern was expressed concern ing  p o s s i b l e  
Al though no method was s p e c i f i e d ,  
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design and o p e r a t i o n .  A t  any r a t e ,  t h e  q u e s t i o n  o f  how t o  accomplish 
annea l ing  i n  space deserves f u r t h e r  c o n s i d e r a t i o n .  

anneal ing k i n e t i c s  c o u l d  be pursued as a technique t o  c h a r a c t e r i z e  r a d i a t i o n  
d e f e c t s .  
i d e n t i f i c a t i o n  i s  d i f f i c u l t  and minimal.  
s tud ies ,  i n  cascade c e l l s ,  were considered b u t  assigned a low p r i o r i t y .  
s tud ies ,  i f  pursued should a t  p resent  be used t o  r e d i r e c t  m a t e r i a l s  r e l a t e d  
research  i n  t h e  cascade c e l l  area. 

I n  summary: The need f o r  1-MeV damage e q u i v a l e n t  f luences i n  g a l l i u m  
arsenide was emphasized. End-of - l i fe  e f f i c i e n c i e s  o f  15 percent  a f t e r  10 
years i n  geosynchronous o r b i t  were considered a t t a i n a b l e  f o r  s i l i c o n ,  and 
suggest isns were o f f e r e d  t o  a t t a i n  t h i s  goal. R a d i a t i o n  r e s i s t a n c e  i n  g a l l i u m  
arsenide can be increased b y  improvements i n  p rocess ing  and f a b r i c a t i o n ,  which 
should be c o r r e l a t e d  w i t h  t h e  r e s u l t s  o f  d e f e c t  s tud ies .  
should cont inue i n  bo th  s i l i c o n  and g a l l i u m  arsenide. These should have t h e  
twofo ld  goal  o f  reduc ing  annea l ing  cemperatures and a i d i n g  i n  d e f e c t  charac- 
t e r i z a t i o n  e s p e c i a l l y  i n  g a l l i u m  arsenide.  F i n a l l y ,  c o n s i d e r a t i o n  should De 
g iven t o  d e v i s i n g  a s imp le  method f o r  a c h i e v i n g  annea l ing  i n  space. 

I n  a d d i t i o n  t o  damage removal, i t  was suggested t h a t  s t u o i e s  o f  

R a d i a t i o n  damage and anneal ing 
T h i s  would be e s p e c i a l l y  impor tan t  f o r  g a l l i u m  arsenide where d e f e c t  

These 

Anneal ing s t u d i e s  
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