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ABSTRACT 

Gal l ium Arsenide concent ra to r  c e l l s  were 
i r r a d i a t e d  w i t h  e lec t rons  w i t h  energies vary ing  
from 0.4 t o  2.3 MeV and t h e i r  e l e c t r i c a l  
performance was measured. 
manufactured by Varian and they are  5x5 mm square 
w i t h  a 4 mn diameter i l l u m i n a t e d  area. 
f o u r  d i f f e r e n t  e l e c t r o n  energy l e v e l s  (0.4, 0.7, 
1, and 2.3 MeV), there  were th ree  n/p and two p/n 
c e l l s  i r r a d i a t e d .  I - V  performance measurements 
were made p r i o r  t o  i r r a d i a t i o n  and a t  several  
in te rmed ia te  f luence l e v e l s .  The f i n a l  f luence 
l e v e l  was 3x1015 e/cm2. 

The c e l l s  were 

A t  each o f  

INTRODUCTION 

During the  pas t  several years, the  concept o f  
concent ra to r  a r rays  i n  space has come under 
i n t e n s i v e  i n v e s t i g a t i o n .  One o f  the  i n t e r e s t i n g  
fea tures  o f  concentrator a r rays  i s  the  p o t e n t i a l  
f o r  r a d i a t i o n  res is tance due t o  the s h i e l d i n g  o f  
the  o p t i c a l  system. One f a c t o r  which i s  n o t  f u l l y  
understood i s  the  performance degradation o f  the  
concent ra to r  c e l l s  themselves when measured a t  
e leva ted  s u n l i g h t  leve ls .  Previous work has 
presented r e s u l t s  f o r  GaAs, AlGaAs, InGaAs, and 
s i l i c o n  concentrator c e l l s  i r r a d i a t e d  w i t h  1 MeV 
e lec t rons  and 37 MeV protons (1,2,3). 

For t h i s  paper we are  i r r a d i a t i n g  g a l l i u m  arsenide 
concent ra to r  c e l l s  w i t h  e lec t rons  w i t h  energies 
vary ing  between 0.4 and 2.3 MeV. 
purpose o f  t h i s  work i s  t o  p rov ide  i n p u t  data f o r  
concentrator a r r a y  designers, who know the  
s h i e l d i n g  e f f e c t s  o f  t h e i r  o p t i c a l  system, t o  a i d  
i n  c a l c u l a t i n g  the  performance o f  concentrator 
a r rays  under space i r r a d i a t i o n .  With the  a d d i t i o n  
o f  proton i r r a d i a t i o n  a t  a v a r i e t y  o f  energies, an 
i n i t i a l  look  a t  damage equivalence f o r  g a l l i u m  
arsenide concentrator c e l l s  can be made. 

The u l t i m a t e  

CELL DESCRIPTION 

The concentrator c e l l s  i r r a d i a t e d  d u r i n g  t h i s  work 
were GaAs w i t h  an AlGaAs window. 
square w i t h  a 4 mn diameter i l l u m i n a t e d  area. The 
c e l l s  were made by Varian and are  both n/p and 
p/n. 
o f  about h a l f  a micron. 

They are  5 mm 

They are  OM-VPE grown w i t h  a j u n c t i o n  depth 
The c e l l s  were d e l i v e r e d  

t o  Lewis as p a r t  o f  a research c o n t r a c t  w i t h  
Var ian Assoc. o f  Palo A l t o  C a l i f o r n i a .  The c e l l s  
a re  bare w i t h  no coverglass and there  was no 
s h i e l d i n g  t o  s imulate t h e  o p t i c a l  concentrator.  

EXPERIMENTAL DESCRIPTION 

The c e l l s  were i r r a d i a t e d  w i t h  e lec t rons  i n  
several  steps t o  a t o t a l  f luence o f  3x1015 e / y 2 .  
There were f o u r  d i f f e r e n t  se ts  o f  c e l l s  i r r a d i a t e d  
and each s e t  was i r r a d i a t e d  w i t h  a d i f f e r e n t  
e l e c t r o n  energy (0.4, 0.7, 1.0, and 2.3 MeV). 
Each s e t  o f  c e l l s  consisted o f  3 n/p c e l l s  and 2 
p/n c e l l s .  The i r r a d i a t i o n s  were done a t  the  
Westinghouse Research Center us ing  a Van de G r a f f  
generator. Dur ing e l e c t r o n  i r r a d i a t i o n s ,  the  
c e l l  s were bare w i t h  no coverglass attached. 
Dur ing e l e c t r i c a l  performance measurements, t h e  
c e l l s  were mounted i n  separate c e l l  holders. The 
holders consisted o f  a small bottom metal base and 
a washer- l ike metal top  w i t h  a beveled hole 
s l i g h t l y  l a r g e r  than the  i l l u m i n a t e d  area o f  the  
c e l l .  
f o r  the  c e l l  and and an area f o r  the  f o u r  w i r e  
e l e c t r i c a l  attachment. There was no so lder ing  o r  
welding o f  any contacts t o  t h e  c e l l s .  
were bare except f o r  the  holders dur ing  
measurements. 

E l e c t r i c a l  performance measurements were made on 
the  u n i r r a d i a t e d  c e l l s  and a t  several in te rmed ia te  
f luence l e v e l s  on the way t o  the f i n a l  f luence o f  
3x1015 e/". The performance measurements 
consisted o f  the  fo l low ing :  

These two pieces suppl ied both a support  

The c e l l s  

1 )  I - V  data a t  25oC and 1 AM0 using an X-25 
xenon s o l a r  s imu la to r  and a reference c e l l .  

2) I - V  data a t  25% a t  several 
concentrat ions up t o  l O O X  AM0 and above 
us ing  a pulsed xenon s o l a r  s imu la to r  and the  
1 i n e a r  assumption between i r r a d i a n c e  and 
shor t  c i r c u i t  cur ren t .  

3)  Short  c i r c u i t  c u r r e n t  data a t  one f i x e d  
concentrat ion a t  both 25OC and 80OC i n  o rder  
t o  s e t  the c u r r e n t  scale a t  the  e leva ted  
temperature . 
4) I - V  data a t  80OC a t  several 
concentrat ions as i n  step 2 above. 
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During I - V  measurements the  c e l l s  i n  t h e i r  holders 
a re  mounted t o  a temperature con t ro l l ed  block.  
The concent ra t ion  l e v e l  on the  c e l l  i s  va r ied  by a 
combination o f  changing the  distance from the  
l i g h t  source and the  use o f  a f resne l  lens. Since 
the  du ra t i on  o f  t he  l i g h t  pulse f rom the  f l a s h  
s imu la to r  i s  j u s t  2 mi l l i - seconds,  there  i s  no 
heat ing  e f f e c t  from the  concentrated l i g h t .  
elapsed t ime a t  80OC was about 20 minutes f o r  each 
c e l l  a t  each f luence l e v e l .  

The 

1 -  

0 9  - 

0.8 - 
0.7 - 

0.8 - 

0.5 - 
0.4 - 
0 3 -  

0.2 - 

RESULTS AND DISCUSSIONS 

The i n i t i a l  (un i r rad ia ted )  e l e c t r i c a l  
c h a r a c t e r i s t i c s  f o r  t he  GaAs concentrator c e l l s  a t  
25OC and l O O X  AM0 are given i n  Table I. 
VOC f i l l ,  and e f f i c i e n c y  values are the  averages 
f o r  the  12 n/p c e l l s  and the  8 p/n c e l l s  which 
were i r r a d i a t e d  du r ing  t h i s  work. Note t h a t  the  
p/n c e l l s  are s l i g h t l y  more e f f i c i e n t  than the  n/p 
c e l l  s, due most ly t o  a h igher  s h o r t - c i r c u i t  
cur ren t .  When the  c e l l s  a re  ra i sed  i n  temperature 
t o  80oC there  i s  a l o s s  i n  power o f  about 6 t o  
7%. The e f f i c i e n c y  values a t  80012 and l O O X  AM0 
are 19.92% f o r  the  n/p c e l l s  and 20.23% f o r  t he  
p/n c e l l s .  

The Isc ,  

Table I Average performance o f  un i r rad ia ted  
c e l l s  a t  25OC and l O O X  AMO. 

n/p c e l l s  p / n  c e l l s  

Isc (A/") 2.988 3.065 
VOC (Vo l t s )  1.131 1.127 
F i l l  0.858 0.860 
E f f i c i e n c y  (%) 21.20 21.71 

The r a t i o s  o f  e l e c t r i c a l  performance a t  several  
f luence l e v e l s  t o  the  un i r rad ia ted  performance 
values are given i n  Tables I1 and 111. Resul ts 
f o r  s h o r t - c i r c u i t  cur ren t ,  open-c i rcu i t  vol tage, 
f i l l f a c t o r ,  and maximum power are presented. 
Table I 1  contains data f o r  the  n/p c e l l s  wh i le  
Table I 1 1  shows r e s u l t s  f o r  the  p/n c e l l s .  
the r e s u l t s  are f o r  the  25%-1OOX AM0 case. Each 
Table has r e s u l t s  f o r  t he  f o u r  d i f f e r e n t  e lec t ron  
energies which were used t o  i r r a d i a t e  the  c e l l s ,  
(0.4, 0.7, 1.0, and 2.3 MeV). 

Figures 1 and 2 show the  maximum power r a t i o  
p l o t t e d  as a func t i on  o f  e lec t ron  f luence f o r  the  
f o u r  d i f f e r e n t  e lec t ron  energies. F igure  1 i s  
f o r  t he  n/p c e l l s  wh i l e  f i g u r e  2 contains the  p/n 
c e l l  data. Again, t he  r e s u l t s  p l o t t e d  are f o r  the  
25oC-1OOX AM0 case. I n  a l l  t he  f i gu res  which are  
p l o t t e d  w i t h  e lec t ron  f luence on the  x-axis the  
f i r s t  measured data p o i n t  i s  a t  3x1013 e/". The 
p o i n t  a t  3x1012 i s  a c t u a l l y  the un i r rad ia ted  data. 

There are several items o f  i n t e r e s t  i n  the  data 
which are ev ident  i n  Tables I 1  and I11 and f i g u r e s  
1 and 2. 
e lec t rons  i s  minimal a t  low f luences and s t i l l  
q u i t e  small a t  3x1015 e/cm2. As the e lec t ron  
energy i s  increased from 0.4 towards 2.3 MeV, the 

A l l  
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Figure  1 Normalized maximum power vs. e lec t ron  
f luence f o r  n/p GaAs concent ra to r  c e l l s  
a t  f o u r  e lec t ron  energy values. 
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Figure  2 Normalized maximum power vs. e lec t ron  
f luence f o r  p/n GaAs concentrator c e l l s  
a t  f o u r  e lec t ron  energy values. 

degradat ion increases d r a m a t i c a l l y  as seen i n  
f i gu res  1 and 2. 
observed i n  s i l i c o n  c e l l s  (4) .  This leads t o  the  
conclusion, ( a t  l e a s t  f o r  e lec t ron  i r r a d i a t i o n s ) ,  
t h a t  sh ie ld ing  by an o p t i c a l  concentrator t h a t  
e i t h e r  lowers the  e lec t ron  f l u x  o r  slows the  
e lec t rons  down w i l l  improve the  r a d i a t i o n  
performance o f  the  GaAs concentrator c e l l .  

There are some small d i f f e r e n c e s  i n  the r a d i a t i o n  
res is tances  o f  the  n/p and p/n c e l l s .  Figure 3 
shows normalized Pmax f o r  the  2.3 MeV e lec t ron  
f luences f o r  both the  n/p and p/n c e l l s  a t  25oC 
and l O O X  AMO. The d i f f e rence  between the  two 
curves i s  small and probably i s  due t o  normal 
f l u c t u a t i o n s  due t o  the  small number o f  c e l l s  
i r r a d i a t e d .  

Th is  i s  the  same t rend t h a t  i s  
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Table I 1  

F1 uence 
( e / c Z )  

3x1013 

3x1014 

3x1015 

1x1014 

1x1015 

3x1013 

3x1014 

3x1015 

1x1014 

1x1015 

3x1013 

3x1014 

3x1015 

1x1014 

1x1015 

3x1013 

3x1014 

3x1015 

1x1014 

1x1015 

0 1  !L 25C lOOX AM0 

I ;5 1 

Rat ios o f  i r r a d i a t e d  t o  i n i t i a l  values 
a f t e r  several e l e c t r o n  f luences a t  
25% and l O O X  AM0 f o r  n/p c e l l s .  

16 

I s c  VOC F i l l  Pmax - - - -  
0.4 MeV e lec t rons  

1.024 0.997 1.005 1.025 
1.010 0.992 0.996 0.997 
1.015 0.989 0.995 0.999 
0.998 0.980 0.991 0.970 
0.970 0.961 0.974 0.907 

1 -  

0 9  - 
0 8 -  

0 7 -  

0.6 - 

0.5 - 

0 4 -  

0.7 MeV e lec t rons  

1.004 0.983 0.986 0.973 
0.988 0.968 0.984 0.941 
0.930 0.950 0.972 0.858 
0.851 0.923 0.955 0.750 
0.774 0.896 0.940 0.652 

1.0 MeV e lec t rons  

0.996 0.984 1.000 0.980 
0.965 0.966 0.988 0.920 
0.907 0.947 0.979 0.842 
0.819 0.914 0.969 0.725 
0.722 0.883 0.944 0.602 

2.3 MeV e lec t rons  

0.985 0.981 0.995 0.961 
0.944 0.962 0.976 0.886 
0.873 0.938 0.963 0.789 
0.774 0.910 0.940 0.662 
0.665 0.875 0.925 0.539 

I n  a l l  cases, the  s h o r t - c i r c u i t  cur ren t  
degradation was l a r g e r  than t h a t  o f  the 
open-c i rcu i t  voltage. 
normalized values o f  Isc ,  VOC, and Pmax a f t e r  
1x1015 e/" as a f u n c t i o n  o f  e lec t ron  energy. 
The r e s u l t s  are again f o r  the  25C and l O O X  AM0 
case. 
o f  cur ren t  i s  about double t h a t  o f  voltage. 
t rend o f  increas ing degradation w i t h  inc reas ing  
e l e c t r o n  energy i s  a lso  q u i t e  ev ident  i n  F igure 4. 

During the course o f  each measurement ser ies,  
r e s u l t s  were obtained a t  80OC as we l l  as 25OC. I n  
a l l  cases, the degradation a t  l O O X  AM0 was 
e s s e n t i a l l y  the  same when measured a t  the two 
temperatures. 
between the two temperatures f o r  the p/n c e l l s  
under 2.3 MeV e lec t ron  i r r a d i a t i o n s .  This  i s  the 
"worst case" se t  o f  data and s t i l l  the two curves 
are q u i t e  s imi la r .  
power degradation i s  independent o f  the 
temperature a t  which i t  i s  measured. 

F igure 4 shows the  

A t  a l l  e l e c t r o n  energies, the degradation 
The 

Figure 5 shows the comparison 

I t  can be concluded t h a t  the  

Table I 1 1  

F1 uence 
(e/c& 

3x1013 

3x1014 

3x1015 

1x1014 

1x1015 

3x1013 

3x1014 

3x1015 

1x1014 

1x1015 

3x1013 

3x1014 

3x1015 

iX1014 

1x1015 

3x1013 

3x1014 

3x1015 

1x1014 

1x1015 

Rat ios o f  i r r a d i a t e d  t o  i n i t i a l  values 
a f t e r  several e l e c t r o n  f luences a t  
25% and l O O X  AM0 f o r  p/n c e l l s .  

I s c  VOC F i l l  Pmax 

0.4 MeV e lec t rons  

0.997 1.001 1.008 1.007 
1.000 0.998 0.996 0.994 
0.991 0.994 0.989 0.974 
0.975 0.988 0.989 0.953 
0.947 0.976 0.991 0.916 

0.7 MeV e lec t rons  

0.983 0.987 0.993 0.962 
0.971 0.973 0.969 0.915 
0.934 0.955 0.977 0.871 
0.875 0.923 0.980 0.790 
0.768 0.892 0.969 0.663 

1.0 MeV e lec t rons  

0.968 0.984 0.991 0.944 
0.953 0.968 0.995 0.917 
0.914 0.941 0.982 0.845 
0.834 0.905 0.984 0.743 
0.715 0.875 0.974 0.609 

2.3 MeV e lec t rons  

0.973 0.985 0.999 0.957 
0.956 0.964 0.992 0.913 
0.891 0.938 0.986 0.824 
0.786 0.899 0.975 0.688 
0.603 0.863 0.962 0.500 

1 . 1  

Figure 3 Comparison o f  normalized maximum power 
between n/p and p/n c e l l s  a t  25C and 
l O O X  AM0 (2.3 MeV e lec t rons) .  
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Figure 4 Performance r a t i o s  ( I s c ,  VOC, Pmax) of 
p/n c e l l s  vs. e l e c t r o n  energy a f t e r  
1x1015 e/" a t  25C and l O O X  AMO. 
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The Varian GaAs concentrator  c e l l s  i r r a d i a t e d  
dur ing  t h i s  work were very s i m i l a r  t o  o ther  Varian 
c e l l s  de l i vered  t o  Lewis about two years p r i o r  t o  
t h e  d e l i v e r y  o f  the  present  c e l l s .  Radiat ion 
damage r e s u l t s  on the "o ld"  c e l l s  were presented 
p rev ious l y  (1,3) f o r  1 MeV e l e c t r o n  i r r a d i a t i o n s .  
A comparison o f  the "o ld"  and cur ren t  c e l l s  i s  
shown i n  f i g u r e  6, which p l o t s  c e l l  e f f i c i e n c y  vs. 
1 MeV e lec t ron  f luence. Note t h a t  the o l d e r  c e l l s  
degrade less  bu t  when p l o t t e d  on an ac tua l  ou tpu t  
sca le ( c e l l  e f f i c i e n c y ) ,  the  two curves are  f a i r l y  
close. 

0 P" 

25C I O O X  AM0 

CONCLUDING REMARKS 

Gal l ium arsenide concentrator  c e l l s  made by Varian 
were i r r a d i a t e d  w i t h  0.4, 0.7, 1.0, and 2.3 MeV 
e lec t rons  t o  a t o t a l  f luence o f  3x1015 e/cm2. The 
c e l l s  were q u i t e  small w i t h  an i l l u m i n a t e d  
diameter o f  4 mm. 
i r r a d i a t e d .  The major r e s u l t s  were: 

Both n/p and p/n c e l l s  were 

1)  The degradation due t o  e lec t ron  
i r r a d i a t i o n  increased dramat ica l l y  w i t h  
inc reas ing  e l e c t r o n  energy. 
may conclude t h a t  any sh ie ld ing  from an 
o p t i c a l  concentrator  w i l l  improve the  
r a d i a t i o n  res is tance o f  the c e l l s .  

2) The c e l l  r a d i a t i o n  performances were 
e s s e n t i a l l y  the same when measured a t  25% 
o r  80OC. 

3) 
r a d i a t i o n  performances o f  the n/p and p/n 
c e l l s .  

4) 
was about tw ice  as l a r g e  as the degradation 
i n  voltage. 

5) The degradation o f  the c e l l s  i n  t h i s  
work i s  f a i r l y  c lose t o  e a r l i e r  data on 
s i m i l a r  c e l l s  (1.0 MeV e lec t rons) ,  
e s p e c i a l l y  when compared on an ac tua l  c e l l  
output  basis, 

From t h i s ,  one 

There were on ly  minor d i f fe rences  i n  the 

I n  a l l  cases, the  degradation i n  cur ren t  
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Figure 5 Normalized maximum power vs 2.3 MeV 
e lec t ron  f luence f o r  p/n c e l l s  a t  25C 
and 80C. 
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Figure 6 Comparison o f  cur ren t  and o l d e r  p/n 
c e l l s  a t  25C and l O O X  AM0 under 1 MeV 
e lec t ron  i r r a d i a t i o n s .  


