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ABSTRACT 

This  paper p r e s e n t s  t h e  r e s u l t s  of a comprehensive t h e o r e t i c a l  a n a l y s i s  of 
tandem pho tovo l t a i c  s o l a r  c e l l s  as a func t ion  of temperature and s o l a r  concen- 
t r a t i o n  r a t i o .  The I-V c h a r a c t e r i s t i c s  of t h e  s o l a r  c e l l s  were assumed t o  be  
governed by t h e  r e l a t i o n  

-E /BkT 
wi th  I. = K e  

G and A = B. The o v e r a l l  e f f i c i e n c i e s  of tandem c e l l  
s t a c k s  c o n s i s t i n g  of a s  many a s  24 c e l l s  having gaps i n  t h e  0.7- t o  3.6-eV range  
were c a l c u l a t e d  f o r  temperatures  of 200, 300, 400, and 500 K and f o r  i l lumina-  
t i o n  by an  AM0 s o l a r  spectrum having concen t r a t ion  r a t i o s  C of 1, 100, 500, 
and 1000 suns. For i d e a l  d iodes  (A = B = l ) ,  t h e  c a l c u l a t i o n s  show t h a t  t h e  
optimized o v e r a l l  e f f i c i e n c y  has  a l i m i t i n g  va lue  q 

t 
of approximately 70 

percent  f o r  T = 200 K and C = 1000. A s  shown i n  t@ accompanying f i g u r e ,  
f o r  T = 300 K and C = 1000, t h i s  l i m i t i n g  e f f i c i e n c y  approaches 60 percent .  
The t a b l e  shows t h e  optimum combination of E va lues  f o r  va r ious  numbers of 
s o l a r  c e l l s ,  T = 300 K, and va r ious  concentragion r a t i o s .  ~ o s t  of t h e  ga in  i n  
e f f i c i e n c y  occurs  w i t h  between 6 and 10  semiconductors i n  t h e  tandem system 
( e ,  g . ,  f o r  T = 300 K and C = 1000 a n  optimized, s i x - c e l l  system has a theo- 
r e t i c a l  l i m i t  e f f i c i e n c y  of about  53 pe rcen t ) .  Ca lcu la t ions  were a l s o  con- 
ducted f o r  t h e  A = B = 2 c a s e  (nonideal  d iode  behavior) ;  i n  t h i s  c a s e  t h e  
l i m i t i n g  va lue  of f o r  a 24-cel l  system i s  about 65 percent  a t  200 K and 
55 percent  a t  300 K. 



Variation of optimum efficiency with number of c e l l s  

Bandgap Range: 0.7 to 3.0; A=B=l ;  300K 

100 Suns: 

No. of Cells: 1 2 3 6 12 2 4 

 values ( e v :  1.4 1 . 8 k 1 . 0  2 .3 ,1 .5& 2.4.2.1.1.7 0 . 7 t 0 2 . 9  0 .7 to3 .O 

0 .9  1. 3, 1. 0, 0.7 i n  intervals  in intervals 

of 0.2 of 0.1 

Efficiency: 26.43 37.05 42.52 40.13 54.10 55.96 

500 Suns: 

No. of Cells: 1 2 3 6 12 24 

EGvalues (eV): 1.3 1 . 8 &  1.0 2 . 2 , 1 . 4 &  2.6.2.2,l .S 0 . 7 t o 2 . 9 i n  0 .7 to3 .O  

0 . 8  l .4 ,1.0,0.7 in in t e rva l s  i n in t e rva l s  

of 0.2 of 0.2 

1000 Suns: 

No. of Cells: 1 2 3 6 I2  24 

~ ~ v a l u e s ( ~ ~ ) :  1.3 1 . 8 & 1 . 0  2 . 2 , 1 . 4 &  2.5,2.1.1.7 O .7 to2 .3  O.i ' to3.0 
0.8 1. 0 & 0.7 in  intervals  in intervals  

of 0.2 0.2 

Efficiency: 28. 18 39.56 45.37 53.21 57.37 59.22 



Variat ion of  e f f i c i e n c y  with number of  c e l l s  a t  various 

temperatures. C = 1000; AM0 spectrum. 




