
RECENT DEVELOPMENTS IN LIGHTWEIGHT SOLAK CELL MODULES 

J. D. Broder and A. F. Forestieri 
NASA Lewis Research Center  

Cleveland, Ohio 

SUMMARY 

Two types  of l igh tweight  s o l a r  c e l l  modules have been prepared. The 
g o a l  i s  t o  achieve a module w i t h  a power t o  weight r a t i o  of 350 wat t s  p e r  
kilogram. Both s t r u c t u r e s  use  t h i n  c e l l s  approximately 50 micrometers t h i c k  
and g l a s s  cove r s  approximately 75 micrometers t h i ck .  I n  one s t r u c t u r e  the  
g l a s s  i s  bonded t o  t h e  module using 93-500 s i l i c o n e  adhesive;  while  t h e  
o t h e r  relies on hea t  and p res su re  bonding us ing  FEP as the  adhesive.  
S p e c i f i c  powers of about 335 wat t s  p e r  ki logram have been achieved. 

INTROD UCT I O N  

Some f u t u r e  space missions w i l l  r equ i r e  s o l a r  c e l l  modules wi th  high 
power t o  weight r a t i o s .  The u s e  of l igh tweight  m a t e r i a l s  i s  necessary t o  
achieve t h i s  goal. The 50-micrometer-thick c e l l  forms t h e  b a s i s  of t h e  
modules prepared i n  t h i s  program. These c e l l s  s t i l l  r equ i r e  a p r o t e c t i v e  
cover  t o  reduce t h e  harmful e f f e c t s  of t rapped e l e c t r o n s  and protons.  To 
minimize the  weight and s t i l l  p r o t e c t  t he  c e l l s ,  on ly  t h e  th innes t  a v a i l a b l e  
cover  g l a s s e s  were considered.  
t o  75micrometer- thick 7070 g l a s s  was used. Subs t r a t e  and support  materials 
w e r e  a l s o  chosen from among t h e  t h i n n e s t  a v a i l a b l e  and included 
7.5-micrometer-thick Kapton, 25-micrometer-thick f i b e r g l a s s ,  and 12.5- and 
25-micrometer-thick FEP. Also of importance towards achieving the  high 
s p e c i f i c  power g o a l  i s  the  use  of t h i n  in t e rconnec t  mater ia l ,  i n  t h i s  c a s e ,  
12.5-micrometer s i l v e r  ( r e f .  1 ) .  The two s t r u c t u r e s  w i l l  be discussed i n  
t h i s  paper .  

I n  t h i s  program t h e  r e c e n t l y  a v a i l a b l e  50- 

The 93-500 Bonded Module 

The f i r s t  a t tempt  t o  prepare  a l igh tweight  module made u s e  of 93-500 a s  
t h e  g lass - to-ce l l  adhesive.  
welding t o  in t e rconnec t  t h i n  c e l l s  i n t o  a three-by t h r e e  conf igu ra t ion  and 
a v a i l a b l e  50-micrometer s i l v e r  p l a t e d  I n v a r  in te rconnec ts .  Gent l y  abraded 
25micrometer  Kapton w a s  used as t h e  s u b s t r a t e .  A one p i e c e  65- by 
65-mill imeter 7070 g l a s s  cover  was a t t ached  t o  the  n ine  c e l l s  using 93-500 
adhesive.  Standard aerospace  technology w a s  used i n  f a b r i c a t i n g  the  module. 

Since mechanical sample ce l l s  were used f o r  t h e  module, no e l e c t r i c a l  
measurements were made. HOwever, t h e  module weighed 2 grams, and the  
th i ckness  i n  the  c e n t r a l  p o r t i o n  w a s  about 215 micrometers. The th ickness  
a t  t he  in te rconnec t  was 265 micrometers. It  i s  expected t h a t  a module us ing  
12.5-micrometer s i l v e r  i n t e rconnec t s  i n s t e a d  of t h e  50-micrometer Inva r  

The module w a s  prepared us ing  para l le l -gap  
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would be more uniform i n  th ickness  ac ross  t h e  whole module. A schematic of 
a s t r u c t u r e  using t h i n  in t e rconnec t s  i s  shown i n  f i g u r e  1. 

FEP Bonded Module 

This  module w a s  assembled by para l le l -gap  welding 12.5-micrometer 
s i l v e r  i n t e rconnec t s  t o  50-micrometer ce l l s  i n  a three-by-three configura-  
r a t ion .  25-micrometer-thick f i b e r g l a s s  c l o t h  and 7.5-micrometer-thick 
Kapton toge the r  w i th  12.5 micrometer t h i c k  FEP-C formed t h e  s u b s t r a t e  of 
t h i s  module. The remaining components included a 25-micrometer l a y e r  of 
FEP-A, another  l a y e r  of 12.5-micrometer-thick FEP-C, and a one-piece 
75-micrometer-thick, 65- by 65-mill imeter 7070 cover  g l a s s .  A schematic of 
t h i s  s t r u c t u r e  i s  shown i n  f i g u r e  2. 
module is s u b s t a n t i a l l y  t h e  same as descr ibed  i n  r e fe rence  2. A f t e r  
f a b r i c a t i o n ,  t h e  module w a s  trimmed, weighed, and i t s  e l e c t r i c a l  performance 
measured. Figure 3 shows t h e  module and i t s  cur ren t -vol tage  ( I - V )  
c h a r a c t e r i s t i c .  
t o  weight r a t i o  of 335 w a t t s  p e r  kilogram. It  i s  noteworthy t h a t  t h e  
interconnected module e f f i c i e n c y  w a s  over  14 percent  based on s o l a r  c e l l  
a c t i v e  area. 
about 222.5 micrometers and a t  t he  c o n t a c t s  about 232.5 micrometers. 

In  a d d i t i o n  t o  the  advantage i n  weight saving gained by using t h e  
12.5-micrometer s i l v e r  i n t e rconnec t ,  another  advantage i s  i n  reduced g l a s s  
breakage a t  t h e  top  c o n t a c t  areas. Before t h e  use  of 12.5-micrometer s i l v e r  
i n t e rconnec t s ,  t h e  g l a s s  cover  would break a t  t he  t o p  con tac t .  Since t h e  
12.5-micrometer s i l v e r  in te rconnec t  w a s  i n t roduc ted ,  s e w r a l  modules have 
been prepared wi th  no c racking  whatsoever. 

The technique f o r  preparing t h i s  

The module weighs approximately 2.07 grams and has  a power 

The average th i ckness  of t he  module between contac ted  areas i s  

CONCLUDING REMARKS 

Two methods of prepar ing  l igh tweight  s o l a r  c e l l  modules capable  of 
achieving a s p e c i f i c  power of 350 w a t t s  p e r  ki logram have been 
demonstrated. Both methods u s e  the  new approach of cover ing  s e v e r a l  c e l l s  
(n ine)  wi th  a s i n g l e  l a r g e  p i ece  of t h i n  g l a s s .  Th i s  approach also 
demonstrates  t h a t  t h e r e  should be no d i f f i c u l t l y  i n  coverifig t h e  new l a r g e  
area s o l a r  ce l l s ,  c u r r e n t l y  under development, wi th  a s i n g l e  p i e c e  of t h i n  
g l a s s .  

Another key technique f o r  achieving t h e  high power t o  weight r a t i o s  i s  
the  u s e  of 12.5micrometer  s i lver  in te rconnec t  material .  Considerable 
t e s t i n g  has  y e t  t o  be done t o  prove t h a t  t h e  methods, materials, and 
techniques descr ibed  he re  are space q u a l i f i e d .  However, t h e  materials and 
technologies  used i n  t h i s  program were chosen because of t h e i r  p a s t  good 
performance i n  space a r r ays .  

s p e c i f i c  power s o l a r  c e l l  b l anke t s  and thence t o  a r r ays .  
techniques descr ibed  ( s i n g l e  l a r g e  p i e c e  of g l a s s  and FEP adhesive) should 
a l s o  be ins t rumenta l  i n  reducing the  c o s t  of f u t u r e  s o l a r  c e l l  a r rays .  

The advent of high s p e c i f i c  power modules should now lead  t o  high 
Severa l  of t h e  
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Figure 1. - Thin module build-up with 93-500. 
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Figure 2. - Thin module build-up with FEP. 
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