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The workshop p a r t i c i p a n t s  f e l t  t h a t  t h e  q u e s t i o n s  p r e s e n t e d  f o r  t h e i r  consid-  
e r a t t o n  were t o o  amorphous, w i t h  r e s p e c t  t o  d e f i n i t i o n  of terms, t o  a d d r e s s  q u a n t i -  
t a t i v e l y .  There w a s  g e n e r a l  agreement t h a t  t h e  s u b j e c t  of "welding" o r  " j o i n i n g "  
was a s i g n i f i c a n t  i s s u e .  It was concluded t h a t  systems requi rements  would f o r c e  a 
reassessment  of t h e  c o n v e n t i o n a l  approach t o  i n t e r c o n n e c t i n g  cells i n t o  b l a n k e t  o r  
a r r a y  modules. Defense a p p l i c a t i o n s  (hardening)  were i d e n t i f i e d  as t h e  key r e q u i r e -  
ment t h a t  would f o r c e  a movement away from t h e  s t a n d a r d  method ( s o l d e r )  of forming 
a r r a y  c i r c u i t s .  The panel  a l s o  agreed  t h a t  requi rements  a s s o c i a t e d  w i t h  the i m -  
pending NASA Space S t a t i o n  and in-bound miss ions  would l e a d  t o  a l t e r n a t i v e  i n t e r -  
connec t ing  approaches.  It w a s  concluded t h a t  t h e  d i v e r s e  requi rements  of f u t u r e  
s g a c e  m i s s i o n s  ( h i g h  tempera ture  and extended thermal  c y c l i n g )  might n o t  be m e t  by 
one approach,  such  as p a r a l l e l - g a p  r e s i s t a n c e  welding. The panel  sugges ted  t h a t  
o t h e r  o p t i o n s  such as h i g h  tempera ture  s o l d e r s  and b r a z i n g  be c o n s i d e r e d  f o r  t h e  
v a r i o u s  miss ion  requi rements  t h a t  were a n t i c i p a t e d .  

The panel  agreed  t h a t  b l a n k e t  technology was p o t e n t i a l l y  s u i t a b l e  f o r  i n - o r b i t  
a n n e a l i n g  t o  tempera tures  of 200°C provided t h a t  c o n v e n t i o n a l  s o l d e r e d  connec t ing  
techniques  were r e p l a c e d  by "welding". Some concern  w a s  e x p r e s s e d  about  t h e  a b i l i t y  
of a d h e s i v e s  t o  r e t a i n  t h e i r  o p t i c a l  p r o p e r t i e s  a f t e r  t h i s  t y p e  of thermal  excur- 
s ion.  The members s t a t e d  t h a t  a n n e a l i n g  would r e q u i r e  new t y p e s  of q u a l i f i c a t i o n  
t e s t i n g  s i n c e  most thermal  c y c l i n g  f a i l u r e s  occurred  a t  e l e v a t e d  tempera tures .  

Approaches t o  p r o v i d i n g  200°C i n - o r b i t  do e x i s t .  However, the p a n e l  s t r o n g l y  
recommended t h a t  t r a d e - o f f s  must be performed between t h e  added weight ,  c o s t  and 
r i s k  a s s o c i a t e d  w i t h  b l a n k e t  a n n e a l i n g  and t h e  end-of- l i fe  (EOL) advantages  gained. 
The consensus was t h a t  t h e  method of provid ing  the r e q u i r e d  tempera ture  must be 
s imple  (low r i s k )  o r  a n n e a l i n g  w i l l  no t  be c o n s i d e r e d  by m i s s i o n  planners .  The 
p a n e l  s t a t e d  t h a t  t h e  a n n e a l i n g  c o n d i t i o n s  (cont inuous  v e r s u s  p e r i o d i c )  must be 
more a d e q u a t e l y  d e f i n e d  b e f o r e  a complete answer t o  t h e  s u b j e c t  of a n n e a l i n g  could 
be provided. 

The i s s u e  of G a A s  b l a n k e t  technology- w a s  a d d r e s s e d  by the panel .  It w a s  
agreed  t h a t  t h e  r e s u l t s  of t h e  WPAFB sponsored GaAs S o l a r  C e l l  Manufacturing Tech- 
nology (MANTECH) program, aimed a t  demonst ra t ing  p r o d u c t i o n  c a p a b i l i t y ,  would be 
t h e  de te rmining  f a c t o r  i n  d e c i d i n g  whether t o  pursue  G a A s  b l a n k e t  development. The 
need f o r  r e l i a b l e ,  p e r t i n e n t  i n f o r m a t i o n  on t h e  behavior  of  GaAs s o l a r  c e l l s  under 
simul-ated space  o p e r a t i n g  c o n d i t i o n s  w a s  deemed c r i t i ca l  i n  o r d e r  t o  provide  plan- 
n e r s  w i t h  s u f f i c i e n t  d a t a  t o  de te rmine  the merits of employing G a b  b l a n k e t s  and 
a r r a y s  f o r  f u t u r e  miss ions .  U n t i l  s i g n i f i c a n t  q u a n t i t i e s  of w e l l  c h a r a c t e r i z e d  
GaAs  s o l a r  cells are  a v a i l a b l e ,  no s e r i o u s  a t t e m p t  t o  i n i t i a t e  development of G a b  
b l a n k e t  technology w i l l  l i k e l y  occur .  
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The q u e s t i o n  of f u t u r e  p r o g r e s s  i n  t h e  development of h i g h  performance blan- 
k e t s  and a r r a y s  prompted a l i v e l y  d i s c u s s i o n  Eocused on what p r o p e r t i e s  c o n s t i t u t e  
"h igh  performance" and what was t h e  p r e s e n t  s t a t u s  o f  b l a n k e t  and a r r a y  performance 
w i t h  r e s p e c t  t o  s p e c i f i c  power (W/kg). T h i s  d i s c u s s i o n  l e d  t o  t h e  c o n c l u s i o n  t h a t  
miss ion  sys tem's  l e v e l  requi rements  u s u a l l y  f o r c e d  t h e  u t i l i z a t i o a  of  t e c h n i c a l l y  
"compromised" o r  "detuned" b l a n k e t s  and a r r a y s ,  with less t h a n  optimum s p e c i f i c  
power, f o r  m i s s i o n  a p p l i c a t i o n s .  

The p a n e l  sugges ted  t h a t  t h e  Space Telescope  a r r a y  which i s  20 W/kg beginning- 
o f - l i f e  (BOL) i s  most r e p r e s e n t a t i v e  of c u r r e n t  s t a t e - o f - t h e - a r t  a r r a y  technology. 
It should  be noted  t h a t  t h e  Space Telescope  b l a n k e t  s p e c i f i c  power i s  approximate ly  
h a l f  of what i s  f o r e c a s t e d  f o r  t h e  "SEP" b l a n k e t  (-55 v s  105 W/kg). It w a s  con- 
c luded  t h a t  b l a n k e t  components, and t h e i r  a s s o c i a t e d  mass c o n t r i b u t i o n s ,  can  vary  
d r a m a t i c a l l y  depending on t h e  d e s i g n  approach provided t o  s a t i s f y  system r e q u i r e -  
ments. 

To f u r t h e r  i l l u s t r a t e  t h i s  c o n c l u s i o n ,  i t  w a s  observed t h a t  many f u t u r e  miss ion  
requi rements ,  e s p e c i a l l y  t h o s e  i n v o l v i n g  d e f e n s e  and manned a p p l i c a t i o n s ,  w i l l  de- 
mand t h a t  a r r a y s  and b l a n k e t s  be des igned  f o r  "toughness" and s u r v i v a b i l i t y ,  con- 
d i t i o n s  which w i l l  l e a d  t o  a r e d u c t i o n  i n  s p e c i f i c  power. It w a s  sugges ted  t h a t  
t h e  t e c h n o l o g i s t s  need t o  c o n s i d e r  such "real is t ic"  m i s s i o n  requi rements  i n  t h e i r  
approaches  t o  a c h i e v i n g  "high performance" b l a n k e t s  and a r r a y s .  

Having e s t a b l i s h e d  t h e  f a c t  t h a t  beginning  and end-of - l i fe  s p e c i f i c  power 
were n o t  e a s y  s u b j e c t s  t o  d e f i n e ,  t h e  members addressed  t h e  q u e s t i o n  of f u t u r e  
advancements i n  t h i s  area, p r o v i d i n g  both  assessments  and goa ls .  It was t h e  gen- 
e r a l  o p i n i o n  t h a t  f u r t h e r  p r o g r e s s  would be e v o l i i t i o n a r y  ( c o n s e r v a t i v e )  i n  o r d e r  
t o  s a t i s f y  m i s s i o n  r e l i a b i l i t y  concerns.  Thus i t  was a n t i c i p a t e d  t h a t  t h e  n e x t  
s t e p  i n  b l a n k e t  p r o g r e s s  would i n c o r p o r a t e  100 pm s i l i c o n  s o l a r  ce l l s  and covers  
t o  r e p l a c e  t h e  c u r r e n t  a s s e m b l i e s  (200 pm ce l l s ,  150 pm c o v e r s ) .  It was a l s o  
agreed  t h a t  f l e x i b l e  s u b s t r a t e s  could  probably be reduced t o  - 75 pm t h i c k n e s s .  

The group a n t i c i p a t e d  t h a t  by 1990, b l a n k e t s  w i t h  a s p e c i f i c  power of  ap- 
proximately 100 W/kg would be used f o r  space  m i s s i o n s ,  and dur ing  t h e  1990s t h i s  
f i g u r e  would probably i n c r e a s e  t o  150 W/kg, depending on m i s s i o n  requirements .  It 
w a s  po in ted  o u t  t h a t  t h e  s h o r t f a l l  i n  S h u t t l e  launch  c a p a b i l i t y  c o u l d  v e r y  l i k e l y  
demand b l a n k e t s  w i t h  even  h i g h e r  BOL s p e c i f i c  power. It was t h e r e f o r e  sugges ted  
t h a t  b l a n k e t  g o a l s  expressed  i n  terms of kg/m2 and W/kg be e s t a b l i s h e d .  These 
g o a l s  (see Table  1) are much h i g h e r  t h a n  what the group p r o j e c t e d  f o r  space f l i g h t  
use. T h i s  w a s  done because of t h e  r e a l i z a t i o n  t h a t  sys tem's  requi rements  i n e v i -  
t a b l y  l e a d  t o  a r e d u c t i o n  i n  s p e c i f i c  power. There was consensus t h a t  no r ea l i s t i c  
f o r e c a s t  o f  a r r a y  s p e c i f i c  power, e i t h e r  BOL o r  EOL, c o u l d  be made wi thout  informa- 
t i o n  on t h e  s p a c e c r a f t  and i t s  a s s o c i a t e d  miss ion  requirements .  

A s p e c i a l  j o i n t  s e s s i o n  w a s  he ld  w i t h  t h e  S i l i c o n  Research and Technology 
workshop group. T h i s  meet ing was ex t remely  p r o d u c t i v e  s i n c e  i t  exposed t h e  re- 
s e a r c h e r s  t o  t h e  complex d e c i s i o n  making p r o c e s s  t h a t  must be performed by t h e  
b l a n k e t  t e c h n o l o g i s t s ,  and made t h e  t e c h n o l o g i s t s  aware of t h e  f r u s t r a t i o n s  as- 
s o c i a t e d  w i t h  deve loping  advancements t h a t  do n o t  g a i n  a c c e p t a n c e  f o r  f l i g h t  use. 
A d i s c u s s i o n  fol lowed on t h e  s u b j e c t  of what f a c t o r s  de te rmine  miss ion  a c c e p t a n c e  
of  new technology.  It should  be mentioned a t  t h i s  p o i n t  t h a t  t h e  b l a n k e t  workshop 
members feel  s t r o n g l y  t h a t  t h i s  t y p e  of i n t e r a c t i o n  between r e s e a r c h e r s  and tech- 
n o l o g i s t s  i s  ex t remely  b e n e f i c i a l  and recommended t h a t  t h i s  t y p e  o f  combined work- 
shop become a f e a t u r e  of any subsequent  SPRAT Conference,  s i n c e  t h i s  i s  t h e  o n l y  
meet ing where t h e  e n t i r e  spectrum of p h o t o v o l t a i c  technology i s  r e p r e s e n t e d .  
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Sugges t ions  were made on how t o  i n c r e a s e  t h e  chances t h a t  r e s e a r c h  i n n o v a t i o n s  
w i l l  f i n d  a c c e p t a n c e  € o r  space f l i g h t  use. It was a g r e e d  t h a t  a key i n t e r f a c e  be- 
tween t h e  two d i s c i p l i n e s  was t h e  d e v i c e  manufac turers  who must demonst ra te  t h a t  
r e s e a r c h  d e r i v e d  advancements can  meet t h e  requi rements  o f  a g i v e n  subsystem m i s -  
s i o n  requirement.  Researchers  must be aware t h a t  t h e  i n f o r m a t i o n  needed t o  d e t e r -  
mine f l i g h t  a c c e p t a n c e  c o v e r s  a wide area t h a t  goes beyond t h e  more obvious f i g u r e s  
of  merit such  as e f f i c i e n c y  and r e s i s t a n c e  to t h e  s p a c e  r a d i a t i o n  environment.  

A schemat ic  i l l u s t r a t i n g  t h e  r e l a t i o n s h i p  between miss ion  requi rements ,  tech-  
nology s e l e c t i o n  and t h e  ongoing e f f o r t  i n  deve loping  advanced p h o t o v o l t a i c  tezh-  
nology i s  p r e s e n t e d  i n  F i g u r e  1. The m i s s i o n  g e n e r a t e s  a series o f  performance re- 
quirements  based on t h e  expec ted  environment and an  estimate of technology r e a d i -  
ness .  A s  t h e s e  requi rements  f i l t e r  down t o  t h e  a r r a y  subsystem, t h e  element  of 
r i s k  becomes a dominant f a c t o r  and t h e  c o n s t r a i n t s  placed on t h e  a r r a y  i n c r e a s e  due 
t o  t h e  requi rements  of e a c h  major  system f o r  subsystem support .  This  r e s u l t s  i n  
technology compromises. 

Assessment of  r i s k  i s  l a r g e l y  determined by t h e  e x i s t i n g  d a t a  base  t h a t  i s  
a v a i l a b l e  f o r  any b l a n k e t  o r  a r r a y  component being c o n s i d e r e d  f o r  use.  This  ap- 
proach o f t e n  p r e c l u d e s  " b e t t e r "  components from be ing  implemented, s i n c e  t h e  t r a d e -  
o f f  between r i s k  and a less  t h a n  optimum subsystem u s u a l l y  r e s u l t s  i n  t h e  s e l e c t i o n  
of  a n  e n g i n e e r i n g  compromise t h a t  accomodates t h e  component which has  t h e  l a r g e r  
s u p p o r t i n g  b a s e  of s t a t i s t i c a l l y  s i g n i f i c a n t  performance d a t a .  Therefore  e v e r y  
e f f o r t  must b e  made t o  a s s u r e  t h a t  advanced technology i s  t e s t e d  thoroughly and 
t r a n s f e r r e d  t o  t h e  d e v i c e  manufac turers  i n  a t i m e l y  f a s h i o n .  

It should  be p o i n t e d  o u t  t h a t  a l t h o u g h  NASA and DOD p r o v i d e  most of t h e  sup- 
p o r t  f o r  space p h o t o v o l t a i c  r e s e a r c h ,  n o t  enough a t t e n t i o n  i s  devoted t o  a s s u r i n g  
t h a t  a proper  t r a n s f e r  of  t h i s  technology i s  made t o  t h e  manufacturers .  T h i s  
t o p i c  might make a very  i n t e r e s t i n g  s u b j e c t  , f o r  f u t u r e  SPRAT Conference workshops 
t o  address .  

Workshop P a r t i c i p a n t s  

Cosmo Baraona - NASA LeRC 
Paul  D i l l a r d  - LMSC 
Ed Gaddy - NASA GSFC 
John Hedgepeth - A s t r o  Research Corp. 
S t a n  K l i m a  - NASA LeRC 
Ron K n e c h t l i  - Hughes Research Labs 
Nick Mardesich - S p e c t r o l a b ,  Inc.  
Ken Masloski  - USAF 

Tom Moore - NASA LeRC 
Bob P a t t e r s o n  - TRW 
Bernie  S a t e r  - NASA LeRC 
John Scott-Monck - JPL 
Paul  S t e l l a  - J P L  
Dave Vance - LMSC 
Howard Weiner - Aerospace Corp. 
John Woollam - Univ. Nebraska 
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Table 1 

Goals € o r  Blanket Technology 

I" --I 

I I I , I  
I I 
I 1982 1 1.05 kg/m2 I 105 W/kg I 

I I 1 
I 1985 I 0.65 kg/m2 I 170 W/kg I 
I 

I I I I 
I 1995 I 0.50 kg/m2 I 280 W/kg I 
I I I I 

I Year I Mass Per  Unit Area I S p e c i f i c  Power (BOL)* I 

* EOL cannot be s t a t e d  without knowledge of s p e c i f i c  mission environment 
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Figure 1. Technology Rela t ionships  f o r  Mission Appl ica t ions  

272 


