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SUMMARY 

S t a t e  o f  t h e  a r t  n /p  and p l n  h e t e r o f a c e  GaAs c e l l s ,  processed by meta 
o r g a n i c  chemical vapor d e p o s i t i o n ,  were i r r a d i a t e d  by  1 MeV e l e c t r o n s  and 
37 MeV p ro tons  and t h e i r  performance determined as a f u n c t i o n  o f  f l u e n c e .  
was found t h a t  t h e  p / n  c e l l s  were more r a d i a t i o n  r e s i s t a n t  t han  t h e  n /p  c e  
The increased l o s s  i n  the  n/r, c e l l s  was a t t r i b u t e d  t o  inc reases  i n  s e r i e s  

I t  
1s. 

(v 

h 
m r e s i s t a n c e  and losses  i n  t h e  p-reg ion r e s u l t i n g  from t h e  i r r a d ' a t i o n .  The 
rn g r e a t e r  loss i n  f i l l  f a c t o r  observed for t h e  n l p  c e l l s  i n t r o d u c e s  t h e  p o s s i b i l -  

i t y  t h a t  the p r e s e n t l y  observed s u p e r i o r i t y  o f  t h e  p / n  c e l l s  may n o t  be an 
i n t r i n s i c  p r o p e r t y  o f  t h i s  c o n f i g u r a t i o n  i n  GaAs. 

INTRODUCTION 

A t  p resen t ,  t h e  n / p  c o n f i g u r a t i o n  i s  e x c l u s i v e l y  p r e f e r r e d  f o r  s i l i c o n  
c e l l s  used i n  space. Th is  f o l l o w s  from a demonstrated s u p e r i o r  r a d i a t i o n  
r e s i s t a n c e  when compared to  t h e  p / n  c o n f i g u r a t i o n  ( r e f .  1 ) .  However, t h e  
increased r a d i a t i o n  r e s i s t a n c e  o f  one c o n f i g u r a t i o n  o v e r  t h e  o t h e r  has yet  t o  
be determined fo r  GaAs s o l a r  c e l l s .  I n  a modest b e g i n n i n g  toward e s t a b l i s h i n g  
a p re fe rence  i t  was determined t h a t  GaAs n / p  homojunct ion c e l l s  were more r a d i -  
a t i o n  r e s i s t a n t  than p / n  h e t e r o f a c e  c e l l s  under 10 MeV p r o t o n  i r r a d i a t i o n s  
( r e f .  2 ) .  I n  t h i s  l a t t e r  case, a comparison was made between c e l l s  f a b r i c a t e d  
by two d i f f e r e n t  methods (CVD and LPE) w i t h  t h e  f u r t h e r  c o m p l i c a t i o n  t h a t  o n l y  
the  he te ro face  c e l l  had an AlGaAs p a s s i v a t i n g  f r o n t  s u r f a c e  l a y e r .  I n  t h e  
p r e s e n t  case,  we compare t h e  r a d i a t i o n  r e s i s t a n c e ,  under b o t h  p r o t o n  and e l e c -  
t r o n  i r r a d i a t i o n s ,  o f  n / p  and p / n  GaAs h e t e r o f a c e  c e l l s  f a b r i c a t e d  by metal  
o r g a n i c  chemical vapor d e p o s i t i o n  (MOCVD), b o t h  c o n f i g u r a t i o n s  hav ing  a p a s s i -  
v a t i n g  AlGaAs f r o n t  s u r f a c e  l a y e r .  

EXPERIMENTAL 

C e l l  dimensions, geometr ies and dopant t y p e  and c o n c e n t r a t i o n s  a re  shown 
i n  f i g u r e  1 .  A l l  c e l l s  w e r e  f a b r i c a t e d  by Var ian  u s i n g  MOCVD ( r e f .  3 ) .  Addi-  
t i o n a l  p rocess ing  d e t a i l s  a re  con ta ined  i n  r e f e r e n c e  3. I r r a d i a t i o n s  by 37 MeV 
p ro tons  was c a r r i e d  o u t  i n  t h e  NASA Lewis Research Center c y c l o t r o n  w h i l e  i r r a -  
d i a t i o n  by 1 MeV e l e c t r o n s  was performed u s i n g  t h e  U.S. Naval Research Labora- 
to r ies  Van de Graaf a c c e l l e r a t o r .  A i r  mass z e r o  performance measurements were  
o b t a i n e d  i n  t h e  Lewis X-25 xenon a rc ,  a i r  mass zero,  s o l a r  s i m u l a t o r  u s i n g  a 
f l i g h t  c a l i b r a t e d  GaAs standard c e l l  as r e f e r e n c e .  P r e - i r r a d i a t i o n  perform- 
ance parameters a r e  shown i n  t a b l e  I. A l l  measurements a re  based on t o t a l  
r a t h e r  than a c t i v e  areas.  



RESULTS 

Normal ized e f f i c i e n c i e s  for  b o t h  p r o t o n  and e l e c t r o n  i r r a d i a t i o n s  a re  
shown i n  f i g u r e s  2 and 3 .  The d a t a  shown a re  mean va lues f o r  the  p r e s e n t  
c e l l s .  From the f i g u r e s  i t  i s  seen t h a t ,  i n  terms o f  no rma l i zed  e f f i c i e n c i e s ,  
t he  p resen t  p / n  GaAs c e l l s  a re  more r a d i a t i o n  r e s i s t a n t  under t h e  p r e s e n t  i r r a -  
d i a t i o n s .  Normal ized mean va lues  o f  t h e  rema in ing  c e l l  parameters,  a t  h i g h  
f l u e n c e s ,  a re  shown i n  t a b l e  11. Cons lde r ing  t h e  p r o t o n  i r r a d i a t i o n s  i t  i s  
seen t h a t ,  f o r  b o t h  c e l l  t ypes ,  t h e  degrada t ion  i n  Voc i s  g r e a t e r  t han  t h a t  
observed f o r  Isc. However, under e l e c t r o n  i r r a d i a t i o n ,  Is, of  t h e  n / p  c e l l  
degrades more than Voc w h i l e  t h e  o p p o s i t e  i s  t r u e  fo r  t h e  p / n  c e l l s .  

DISCUSSION 

The t h i n n e r  e m i t t e r  o f  t h e  p r e s e n t  n / p  c e l l s  cou ld  be expected t o  r e s u l t  
i n  i nc reased  r a d i a t i o n  r e s i s t a n c e  f o r  these c e l l s .  Th i s  would seem t o  fo l low 
f rom p rev ious  r e s u l t s  on LPE grown he te ro face  GaAs p / n  c e l l  s where r a d i a t i o n  
r e s i t a n c e  was observed t o  inc rease  w i t h  decreased e m i t t e r  t h i c k n e s s  ( r e f .  4 ) .  
However, d e s p i t e  t h e  decreased e m i t t e r  t h i ckness ,  t h e  p resen t  n /p  GaAs c e l l s  
e x h i b i t  s i g n i f i c a n t l y  decreased r a d i a t i o n  r e s i s t a n c e .  
i n  g r e a t e r  d e t a i l ,  we f i r s t  cons ide r  t h e  I - V  curves o f  the  p resen t  c e l l s  bo th  
b e f o r e  and a f t e r  e l e c t r o n  i r r a d i a t i o n  ( f i g s .  4 and 5 ) .  From f i g u r e  5 ,  r e l a -  
t i v e l y  smal l  changes i n  b o t h  shunt and s e r i e s  r e s i s t a n c e  a re  i n d i c a t e d  f o r  t h e  
p / n  c o n f i g u r a t i o n  as a r e s u l t  o f  t h e  i r r a d i a t i o n  ( r e f .  5). On t h e  o t h e r  hand, 
fo r  t h e  n i p  c e l l s ,  t h e  I - V  curves i n d i c a t e  a r e l a t i v e l y  l a r g e  i n c r e a s e  i n  
s e r i e s  r e s i s t a n c e  as a r e s u l t  o f  i r r a d a t i o n  ( r e f .  5 ) .  Hence inc reased  s e r i e s  
r e s i s t a n c e  i s  a c o n t r i b u t i n g  f a c t o r  to  t h e  decreased c u r r e n t ,  f i l l  f a c t o r  and 
e f f i c i e n c y  observed for  t h e  n / p  c e l l s  under t h e  p resen t  e l e c t r o n  i r r a d i a t i o n s .  
N o t i n g ,  i n  t a b l e  I I ( a >  t h e  r e l a t i v e l y  l a r g e  l o s s  i n  Is, f o r  t h e  n / p  c e l l s ,  
we cons ide r  t h e  no rma l i zed  s p e c t r a l  response a t  h i g h  e l e c t r o n  f l u e n c e  ( f i g .  6). 
Here t h e  p o s i t i o n  o f  t h e  j u n c t i o n  i s  approximated by t h e  o p t i c a l  p a t h  l e n g t h  
l/a ( A )  where d x )  i s  t h e  a b s o r p t i o n  c o e f f i c i e n t  a t  wavelength x .  I t  i s  seen 
f rom t h e  f i g u r e  t h a t ,  f o r  the  n /p  c e l l ,  most of the  loss i n  Is, occurs  i n  t h e  
p r e g i o n  w h i l e  f o r  t h e  p / n  c e l l  c o n s i d e r a b l e  p o r t i o n s  o f  t h e  loss occu r  i n  bo th  
t h e  p and n r e g i o n s  o f  t h e  c e l l .  
e m i t t e r ,  t he  dominance o f  t h e  c e l l ' s  p r e g i o n  i n  c o n t r i b u t i n g  t o  c u r r e n t  l o s s  
i s  n o t  s u r p r i s i n g .  The s u r p r i s i n g  f a c t o r  i s ,  d e s p i t e  o u r  p a s t  exper ience  w i t h  
n / p  homojunct ion c e l l s  ( r e f .  2 > ,  t h e  r e l a t i v e l y  l a r g e r  loss i n  e f f i c i e n c y  
e x h i b i t e d  by the  p resen t  n / p  c e l l s .  The h i g h e r  p dopant c o n c e n t r a t i o n  i n  t h e  
p resen t  n / p  c e l l s ,  when compared t o  the  homojunct ion c e l l s ,  may be a f a c t o r  I n  
c o n t r i b u t i n g  t o  increased de fec t  p r o d u c t i o n  and thus i nc reased  l o s s  under i r r a -  
d i a t i o n .  
( r e f .  6>, we a re  unable t o  f i n d  comparable d a t a  fo r  p t ype  GaAs. 

To examine t h i s  behav io r  

I n  v iew o f  t h e  n /p  c e l l s  r e l a t i v e l y  t h i n  

Al though t h i s  was found t o  be t h e  case i n  boron doped s i l i c o n  

Cons ide r ing  p r o t o n  i r r a d i a t i o n s ,  i n  genera l  i t  i s  noted t h a t  t h e  g r e a t e s t  
damage occurs a t  t he  end o f  the  p r o t o n  p a t h  ( r e f .  7 ) .  However, a t  37 MeV, t h e  
p r o t o n  p a t h  extends w e l l  beyond t h e  range of t h e  p resen t  c e l l  t h i c k n e s s .  
Hence, the  p r i n c i p a l  d i f f e r e n c e  between t h e  p resen t  p r o t o n  and e l e c t r o n  i r r a d i -  
a t i o n s  l i e s  i n  the  increased d e f e c t  p r o d u c t i o n  and c e l l  d e g r a d a t i o n  o c c u r i n g  
a t  lower p r o t o n  as compared t o  e l e c t r o n  f l u e n c e s .  
expect  t h a t  e f f e c t s ,  s i m i l a r  t o  those observed under e l e c t r o n  i r r a d i a t i o n  would 

Aside from t h i s ,  one would 
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be encountered i n  b o t h  c o n f i g u r a t i o n s  as a r e s u l t  o f  t h e  p r e s e n t  p r o t o n  i r r a d i -  
a t i o n s .  I n  accordance w i t h  t h i s  o b s e r v a t i o n ,  i t  i s  f ound  t h a t  t h e  e f f e c t s  o f  
the  present  p r o t o n  i r r a d i a t i o n s  on t h e  I - V  and s p e c t r a l  response curves a re  
s i m i l a r  t o  those observed under e l e c t r o n  i r r a d i a t o n .  Hence inc reased  s e r i e s  
r e s i s t a n c e  and a r e l a t i v e l y  g r e a t e r  loss i n  f i l l  f a c t o r  a r e  s i g n i f i c a n t  f ac -  
tors i n  the  g r e a t e r  deg rada t ion  of t h e  n / p  c e l l s  observed under p r o t o n  
i r r a d  i a t  i on. 

The dependence o f  f i l l  f a c t o r  on c e l l  p rocess ing  leads one to  suspect 
t h a t ,  c o n t r a r y  t o  t h e  p r e s e n t  r e s u l t s ,  p / n  GaAs c e l l s  a r e  n o t  i n t r i n s i c a l l y  
more r a d i a t i o n  r e s i s t a n t  t han  n / p  GaAs c e l l s .  T h i s  p o i n t  o f  v iew i s  supported 
by ou r  p rev ious  r e s u l t s  on n / p  homojunct ion c e l l s  ( r e f .  2 ) .  

The increased degrada t ion  i n  Voc, when compared t o  Is,, for most o f  t h e  
p resen t  c e l l s  i s  c o n s i s t e n t  w i t h  o u r  p rev ious  r e s u l t s  on s i m i l a r  h i g h  e f f i -  
c i ency  p / n  GaAs c e l l s  ( r e f .  8 ) .  I n  t h i s  l a t t e r  case, t h e  degrada t ion  i n  Voc 
was a t t r i b u t e d  t o  inc reases  i n  t h e  d i f f u s i o n  component o f  da rk  c u r r e n t  
( r e f .  8). I n  the  p r e s e n t  case, i t  i s  found t h a t  t h e  d i f f u s i o n  component o f  
t h e  dark c u r r e n t  increases s i g n i f i c a n t l y  l e s s  for t h e  e l e c t r o n  i r r a d i a t e d  n /p  
c e l l s  than t h a t  observed for t h e  rema in ing  c e l l s .  Hence, t h e  degrada t ion  i n  
Voc observed for the  e l e c t r o n  i r r a d i a t e d  n / p  c e l l s  i s  r e l a t i v e l y  lower  and 
l e s s  than t h a t  observed for Isc. 

CONCLUSION 

The h i g h  p dopant c o n c e n t r a t i o n  i n  t h e  p resen t  n / p  c e l l  may be a f a c t o r  i n  
c o n t r i b u t i n g  t o  the  r e l a t i v e l y  decreased r a d i a t i o n  r e s i s t a n c e .  However, t h i s  
has yet t o  be confirmed by independent exper iment .  Thus, i t  would be d e s i r a b l e  
t o  determine d e f e c t  p r o d u c t i o n  r a t e s  as a f u n c t i o n  o f  dopant c o n c e n t r a t i o n  i n  a 
manner s i m i l a r  t o  t h e  DLTS exper iments on boron doped s i l i c o n  ( r e f .  6). On the  
o t h e r  hand, t h e  i nc reased  s e r i e s  r e s i s t a n c e  and g r e a t e r  l o s s  i n  f i l l  f a c t o r  
exper ienced by the  n/p c e l l s  suggest t h a t  c e l l  p r o c e s s i n g  may be a s i g n i f i c a n t  
f a c t o r  i n  the  p r e s e n t l y  observed r a d i a t i o n  e f f e c t s .  T h i s  suggests t h a t  t h e  
p r e s e n t l y  observed s u p e r i o r i t y  of the  p / n  c e l l s  may n o t  be an i n t r i n s i c  prop- 
e r t y  o f  t h i s  c o n f i g u a t i o n  i n  GaAs. Thus, i t  would be advantageous to  determine 
damage c o e f f i c i e n t s  for both p and n type GaAs over  a wide range o f  dopant con- 
c e n t r a t i o n s  ( r e f .  9 ) .  
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C e l l  E f f i c i e n c y ,  voc. Jscq2 
percen t  v ma/cm 

TABLE I .  - PRE-IRRADIATION PERFORMANCE 

PARA METERS^ 

( a )  Be fo re  e l e c t r o n  i r r a d i a t i o n  

FF. 
percent 

"Ip 

P/n 

19.8 1.034 30.6 86 
1.018 30.9 82 
1.044 32.1 81.1 

18.8 
19.8 
19.6 1.041 31.8 81.2 

C e l l  E f f i c i e n c y .  voc,  J s c - ~  
pe rcen t  v ma/cm 

17.2 1.009 30.4 
1.042 31.7 
1.022 29.9 

n/p 19.7 
18.4 

1.017 30 18.6 
P/n 

TABLE 11. - NORMALIZED CELL 

PARAMETERS AT HIGH FLUENCE 

( a )  1 MeV e l e c t r o n  

f l uence  = 3x10 /cm 
15 2 

. FF, 
percent 

76.9 
81.8 
82.6 
83.6 

.93 

( b )  37 MeV p ro ton  - 
I S  L 

f l uence  I 4 . 2 ~ 1 0  /cm 

- - -  
voce Jsco 

n/p 0.43 0.7 0.76 0.8 
p / n  .54 .76 .8 .89 
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FIGURE 5 .  - I - V  CURVES OF P/n CELLS BEFORE AND AFTER 
1 MEV ELECTRON IRRADIATION. 
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FIGURE 6 .  - NORMALIZED SPECTRAL RESPONSE OF GnAS CELLS 
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