
SOLAR PHOTOVOLTAIC RESEARCH AND DEVELOPMENT PROGRAM 

OF THE AIR FORCE AERO PROPULSION LABORATORY 

Joseph Wise 
A i r  Force Aero Propuls ion  Laboratory 

Wright-Patterson A i r  Force Base 

The A i r  Force space  program has cont inuing  requirements  f o r  increased  pow- 
e r  system c a p a b i l i t y  i n  t e r m s  of volume, a r e a ,  weight,  l i f e ,  power l e v e l ,  and 
s u r v i v a b i l i t y .  F igure  1 shows our  g o a l s  i n  t h e s e  va r ious  a r eas .  Nuclear r ad i a -  
t i o n  s u r v i v a b i l i t y  has  gene ra l ly  been accomplished, bu t  t h e  degrada t ion  on ex- 
posure t o  t h e  p a r t i c u l a t e  spec i e s  of nuc lea r  weapon e f f e c t s  s t i l l  r e q u i r e s  i m -  
provement. 

The l a s e r  weapon e f f e c t s  program a g a i n  is  p r imar i ly  aimed a t  s u r v i v a b i l i t y  
f o r  c e r t a i n  dose l e v e l s  as w e l l  as de termina t ion  of t h e  th re sho lds  f o r  f a i l u r e  
of t h e  va r ious  s o l a r  c e l l  a r r a y  conf igu ra t ions .  Much of t h i s  background has 
been acqui red  i n  cont inuous wave r a d i a t i o n ,  and approaches t o  minimize degrada- 
t i o n  a r e  under development i n  t h e  SMATH programs conducted under t h e  AF Mater- 
i a l s  Lab c o n t r a c t s .  The pulsed laser e f f e c t s  a r e a  i s  j u s t  beginning inves t iga -  
t i o n ,  and t h e  program i n i t i a t e d  i n  FY79 i s  address ing  s e v e r a l  l a s e r  wavelengths 
and p u l s e  du ra t ions .  For t h e  f i r s t  time a l s o  w e  are a t tempt ing  t o  handle ad- 
vanced c e l l  assemblies ,  i . e . ,  h igh  e f f i c i e n c y  s i l i c o n ,  GaAs, and multiband gap 
i f  s u f f i c i e n t  c e l l s  a r e  f a b r i c a t e d  i n  t h e  next  t h r e e  years .  The e f f o r t  i s  ir- 
r a d i a t i n g  both  cw and pulsed laser spec i e s .  

The s i l i c o n  s o l a r  c e l l  concepts  i n v e s t i g a t e d  inc lude  t ex tu red ,  p lanar  c e l l s  
f o r  ESB, v a r i o u s  f i e l d  combinations and non-ref lec t ing  v e r t i c a l  j unc t ion  com- 
b ina t ions .  Funding from b a s i c  r e s e a r c h  exp lo ra to ry  development and advanced 
development a r e  u t i l i z e d .  The b a s i c  r e s e a r c h  work d e a l s  w i th  t h e o r e t i c a l  e f f o r t s  
a s  w e l l  as experimental  i n v e s t i g a t i o n  of e f f e c t s  of s e l e c t e d  dopants  such a s  
gal l ium i n  h igh  p u r i t y  s i l i c o n .  The HESP I1 s i l i c o n  advanced development pro- 
gram c o n t r a c t o r  r epo r t ed  16% e f f i c i e n c y  i n  a t ex tu red  c e l l  con f igu ra t ion  w i t h  
2 0-cm s i l i c o n .  Because of h igh  a t h e  modeling of t h i s  c e l l  i n  o r b i t  r e s u l t s  
i n  a temperature of 10  t o  1 5  CO h igher ,  negat ing most of t h i s  ga in .  For t h i s  
reason we have a l s o  supported development of p l ana r  s i l i c o n  c e l l s  w i t h  m u l t i l a y e r  
a n t i r e f l e c t i v e  coa t ing ,  y i e l d i n g  14.8% e f f i c i e n c y  a t  25O C. Th i s  c e l l  i s  
s l i g h t l y  b e t t e r  than  t h e  t ex tu red  c e l l  a t  ope ra t ing  temperature.  V e r t i c a l  
j unc t ion  s o l a r  c e l l  work is  d i r e c t e d  toward 1 6  t o  18% i n i t i a l  e f f i c i e n c y  w i t h  
14% a f t e r  1015, 1 MeV e-/cm2 equ iva l en t  r a d i a t i o n .  Technology appears  i n  hand 
f o r  15% i n i t i a l  e f f i c i e n c y  without  f i e l d s  o r  u s e  of optimum geometry. With 
back s u r f a c e  f i e l d  t o  enhance v o l t a g e  and geometry opt imiza t ion ,  we hope t o  ap- 
proach 16% e f f i c i e n c y .  The high-puri ty ,  h igh- l i fe t ime s i l i c o n  from our  b a s i c  
r e sea rch  e f f o r t  may a l s o  he lp  ou t  bo th  i n i t i a l  and end-of- l i fe  e f f i c i e n c y .  
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The r e l a t i o n s h i p s  of our n e a r ,  i n t e rmed ia t e ,  and long term s o l a r  c e l l  
development a r e  shown i n  f i g u r e  2. The c u r r e n t  G a A s  c e l l  program was i n i t i a t e d  
i n  1976 and we have achieved b e t t e r  than  17% i n  t h e  l abo ra to ry  w i t h  r a d i a t i o n  
r e s i s t a n c e  supe r io r  t o  t h a t  of s i l i c o n  up t o  5x1015, 1 MeV e-/cm2. Compan- 
ion  programs , t o  t h i s  GaAs c e l l  development a r e  t h e  development of d e n d r i t e  r i b -  
bon m a t e r i a l  and t h e  development of s o l a r  a r r a y  panel  technology p r e s e n t l y  
under n e g o t i a t i o n  f o r  a FY79 s t a r t .  Th i s  technology, when developed, should 
y i e l d  50% g r e a t e r  end-of- l i fe  power a t  o r b i t  temperature.  The multiband-gap 
c e l l  work i s  aimed a t  an  i n i t i a l  e f f i c i e n c y  of 25% and i s  considered r e l a t i v e l y  
high r i s k  because of t h e  problems of l a t t i c e  mismatch and band-gap matching 
requi red .  ( D r .  W.P. Rah i l l y  d i scusses  t h i s  i n  g r e a t e r  d e t a i l . )  This  technology 
w i l l  no t  come on l i n e  be fo re  t h e  mid 80 ' s  and i s  very  important t o  our weight,  
volume, and area goa l s  f o r  satell i te power systems, 

I n  a d d i t i o n  t o  weapon e f f e c t s  and c e l l  technology e f f o r t s ,  we a r e  a l s o  
i n i t i a t i n g  a high-voltage hardened, high-power system technology program. For 
t h e  f i r s t  t ime we a r e  a l s o  address ing  thermal  energy management. The e f f o r t  
i s  d i r e c t e d  toward f u t u r e  requirements  i n  t h e  5 t o  50 kW range and power densi-  
t i e s  of 6 t o  12  Wllb. Weight r educ t ions  i n  a l l  f a c e t s  of power system techno- 
logy, inc luding  b a t t e r i e s ,  a r e  needed t o  achieve  t h i s  c a p a b i l i t y .  This  e f f o r t  
a l s o  addresses  S h u t t l e  compa t ib i l i t y  and modular power system component tech-  
nology. 

The p re sen t  weight l i m i t  on s a t e l l i t e s  i n  synchronous o r b i t  i s  about 
3300 l b  u s ing  a T i t a n  111 C and high-energy second s t age .  With t h e  advent of 
t h e  S h u t t l e  and t h e  u s e  of t h e  i n e r t i a l  upper s t a g e  (IUS) t h i s  weight c a p a b i l i t y  
i nc reases  t o  5200 l b .  F igu re  3 shows t h e  power system c a p a b i l i t y  i n  t h i s  
scenar io .  P re sen t  c a p a b i l i t y  could i n s e r t  4.3 kW s a t e l l i t e  BOL power. With t h e  
in t roduc t ion  of t h e  two in t e rmed ia t e  concepts  of GaAs  c e l l s  and N i H 2  b a t t e r y ,  
we can boost  t h i s  power t o  8 kW. Advanced technology can go t o  a n  11 kW power 
l e v e l  without  an  o r b i t  assembly. Lower a l t i t u d e  o r b i t s  can, of course ,  accom- 
modate h igher  weight v e h i c l e s  and correspondingly h igher  power l e v e l s .  



SPACE: HIGH EFF. WEAPON HARD, LONG LIFE, LIGHT WEIGHT, LOW VOLUME, LOW COST 

NUCLEAR WEAPON HARDEN S I  PRESENT - HASP 
APPLY TO ADVANCED CELLS SI, GaAs 

*LASER HARDENING C. W. - UNDERSTAND - APPROACHES I N  DEV. 
PULSED - PROBLEMS BEING DEFINED, INITIATE DEV. 

*SOLAR CELL CONCEPTS 

NEAR TERM: SILICON HESP I1 16% 12% EOL 
NRVJ 14% EOL 
6.1 MATERIALS 

INTERMEDIATE: GaAs HESP I1 16% EFF. OPER. 
ULTIMATE 18-20% EFF. 1983 

LONG TERM: MULTl JUNCTION 25% EFF. 1985 
30% 1990 

Figure 1. - Solar power R&D objectives (AFAPL). 
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Figure 2. - Solar ce l l  eff iciency as func t ion  of time. 
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F igure  3. - Power-component payoff i n  synchronous-orbi t  satell i tes - high-voltage, 
high-power, hardened system. 
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