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Cons iderab le  amount was expended i n  t h e  development o f  l a r g e  area, 

h i g h  e f f i c i e n c y  P I N  s o l a r  c e l l s .  The b e s t  performance ach ieved t o - d a t e  

on 3" d iameter  c e l l s  i s  15.6% a t  A M I  and 28°C. Fac to rs  c o n t r i b u t i n g  

toward t h e  poor  performance have n o t  been i d e n t i f i e d  and i s o l a t e d .  

Work i s  c o n t i n u i n g .  

M inor  m o d i f i c a t i o n s  have been i n c o r p o r a t e d  i n  t h e  modular des ign.  

Thc 120 c e l l s  w i l l  be connected 8 i n  p a r a l l e l  and 15 i n  s e r i e s  t o  

enhance t h e  r e l i a b i l i t y  of t h e  modules. As a  r e s u l t  of t h e  changes, 

two j u n c t i o n  boxes w i  11 be r e q u i r e d  as t h e  P and N t e r m i n a l s  w i  11 

come o u t  from t h e  oppos i t e  s i des  o f  the  module. 

Designs f o r  back c o n t a c t  s o l d e r i n g  machine, vacuum p ick -up ,  AR c o a t i n g  

t o o l i n g ,  and t e s t  f i x t u r e  have been completed. F a b r i c a t i o n  o f  t o o l i n g  

has begun. 
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1 .O  iVTRODUCTION 

The i n i t i a l  phase o f  t h i s  program i s  t o  des ign  and develop 3"  

d iameter ,  PIN s o l a r  c e l l  s  \ii t h  the  conver5 ion e f f i c i e n c y  of  16.5% 

o r  b e t t e r  a t  AM1 and 28°C. Upon comp1eti:jn o f  t h e  c e l l  development 

phase, OCLI i s  t o  design, f a b r i c a t e ,  and d e l i v e r  s i x  ( 6 )  h i g h  

e f f i c i e n c y  modules, approx imate ly  2 '  x  4 ' ,  w i t h  a  minimum o u t p u t  o f  

90 w a t t s  a t  AM1 and 28°C and w i t h  t he  des ign goal  of 14% o v e r a l l  

e f f i c i e n c y .  

The second phase o f  t h i s  progralli i s  t o  des ign and f a b r i c a t e  p roduc t i on  

t o o l i n g  :ar i h e  manufacture o f  t h e  h i g h  e f f i c i e n c y  c e l l s  and modules. 

Twenty (20)  v e r i f i c a t i o n  modules a r e  t o  be f a b r i c a t e d  and d e l i v e r e d  

t o  JPL. 

2.0 TECHNICAL DISCUSSION 

Considerab le  amount o f  e f f o r t  has been devoted t o  t h e  development 

o f  h igh  e f f i c i e n c y  P/N s o l a r  c e l l s .  To-date t h e  maln causes c o n t r i b u t i n g  

toward lower  power o u t p u t  than  t h a t  o f  N/P c e l l s  has n o t  y e t  been 

i d e n t i f i e d  o r  i s o l a t e d .  Work i s  c o n t i n u i n g .  Minor  m o d i f i c a t i o n s  have 

been made t o  t h e  module des ign.  Design o f  t h e  t o o l i n g  t o  be used 

s p e c i f i c a l l y  f o r  t h i s  module and t h e  cen te r  c o n t a c t  s o l a r  c e l l s  has been 

compl e ted.  

2.1 Coniments on P/N C e l l  Development 

I n  t h e  p rev ious  q u a r t e r l y  r e p o r t ,  some p romis ing  c e l l s  were r epo r t ed ,  

some w i t h  t h e  r e q u i r e d  e f f i c i e n c y  (>16% AM1). However, most of t h e  

2  h i g h  ou tpu t  c e l l s  were 4  cm area, whereas simultaneous t r i a l ' s  a p p l y i n g  

t he  same process s teps  t o  3" d iameter  wafers  (45 cm2 a rea)  d i d  no t  



g i v e  t h e  same e f f i c i e n c y .  The r e p e a t  s e r i e s  o f  t e s t s  w h e r e i n  t h e  

" b e s t  p rocedure "  was r e p e a t e d  u s i n g  b o t h  C z o c h r a l s k i  and f l o a t - z o n e d  

s i l i c o n  gave s i m i l a r  r e s u l t s ,  wi t ,h reduced ?erfor.mance f r o m  45 cm 2 

c e l l s .  

A - s m a l l  p a r t  -- of  t h i s  d i f f e r e n t  b e h a v i o r  f o r  l a r g e r  s i z e s  c o u l d  be a s c r i b e d  

t o  t h e  t h e o r e t i c a l l y  l o w e r  CFF (0 .75 )  f o r  t h e  g r i d  p a t t e r n  used, compared 

t o  a  CFF 0.77 f o r  t h e  s m a l l e r  a rea c e l l s .  T h i s  d i f f e r e n c e  a r i s e s  i n  

r e s i s t i v e  l o s s e s  i n  t h e  g r i d  p a t t e r n s .  However, t h i s  CFF decrease 

c o u l d  n o t  e x p l a i n  t h e  m a j o r  l o s s e s  i n  power f o r  t h e  l a r g e r  P/N c e l l s .  

Because t h e  p rocess  s t e p s  appeared s a t i s f a c t o r y  as shown by  t h e  reasonab le  

2 y i e l d  o f  good 4 cm c e l l s ,  t h e  p rob lem was re-examined t o  see i f  

adverse  i n t e r a c t i o n s  i n  t h e  p rocess  s t e p s  c o u l d  be r e s p o n s i b l e ,  o r  perhaps 

d i f f e r e n c e s  i n  a  g i v e n  p rocess  when l a r g e r  s l i c e s  were used. ( P r e v i o u s  

work on h i g h  e f f i c i e n c y  P/N c e l l s  had g e n e r a l l y  been r e p o r t e d  f o r  c e l l s  

2 
<4 cm a rea .  ) 

F i g u r e  1 r e p e a t s  t h e  p rocess  sequence g i v e n  i n  t h e  p r e v i o u s  r e p o r t  

I n  t h i s  sequence s e v e r a l  s t e p s  can be i d e n t i f i e d  as s e n s i t i v e  t o  t h e  

s l i c e  s i z e .  

The q u a l i t y  o f  t h e  d i f f u s i o n  mask used i n  Steps 3 o r  5 c o u l d  va ry ,  w i t h  

adve rse  e f f e c t s .  F o r  eaxmple i f  d i f f u s a n t s  l e a k  t h r o u g h  t h e  mask i n  

s m a l l  a reas ,  some l o s s  i n  CFF o r  VOC c o u l d  r e s u l t .  F o r  t h e  l a r g e  a rea  

s l i c e s  t h e  masking process c o u l d  be l e s s  e f f e c t i v e  (and i n  a d d i t i o n ,  

t h e  p r o b a b i l i t y  o f  f a i l u r e  i s  i n c r e a s e d ) .  Below a  t e s t  o f  t h i s  h y p o t h e s i s  

i s  d e s c r i b e d .  



FLOW CHART .- - - - . . 

HIGH EFFICIENCY P+ t i  M+ CELLS 

1. Grow I n g o t ,  N-Type, 7-14 ohm-cm. 

2. Prepare Wafers. , 

3. Apply   iff us ion Mask t o  F r o n t .  

4. D i f f u s e  N+ on Back t o  Form Back Sur face F i e l d .  

5 .  Apply D i f f u s i o n  Rask t o  Back. 

6. D i f f u s e  P+ t o  Form Junc t i on .  

7. Evaporate Back Contact  ( A l ,  T i -Pd-Ag) .  

8. Apply F r o n t  Contact  Mask ( P h o t o r e s i s t ) .  

9. Evaporate F ron t  Contact  ( T i  -Pd-Ag) . 
10. Evaporate AR Coat ing.  

11. S i n t e r .  

12. E l e c t r i c a l  Tes t .  

FIGURE 1 



Step 6, t h e  boron d i f f u s i o n  used t o  forni t h e  sha l l ow  P+ l a y e r  i n v o l v e s  

as a  source, boron n i t r i d e  d i s k s  h e l d  c l o s e  t o  the  s i l i c o n  i n  a  qua r t z  

boa t .  T h i s  boat  has r e t a i n i n g  s l o t s ,  and these can l ead  t o  smal l  

areas around t h e  1-arge s l i c e  p e r i ~ ~ i e t e r  which a r e  l e s s  l i k e l y  t o  r e c e i v e  

2 f u l l  boron supply .  These areas a r e  removed when 4  cm c e l l s  a re  niade, 

2 
b u t  a r e  s t i l l  p resen t  on t h e  45 cm c e l l s .  T h e . c u t t i n g  exper iment  

desc r i bed  below i s  in tended  t o  show if these edge areas a re  a  problem. 

I n  a d d i t i o n ,  a n a l y s i s  o f  t h e  c e l l  l osses  ( i n  ISC, VOC or  CFF) has l e d  

t o  c l o s e r  s c r u t i n y  of some of  t he  processes used. 

Some c e l l s  show good va lues o f  ISC, VOC b u t  t h e  CFF i s  reduced. 

No shun t i ng  i s  p resen t ,  b u t  t h e  s e r i e s  r e s i s t a n c e  i s  h i g h .  The P+ 

l a y e r  i s  sha l low (shee t  r e s i s t a n c e  > I 5 0  ohm/square) b u t  t h i s  h i g h  

sheet r e s i s t a n c e  does n o t  appear t o  be t h e  main cause o f  reduced CFF 

There a r e  two p o s s i b i l i t i e s .  

( a )  Step 7 a p p l i e s  a  t h i n  l a y e r  o f  a lu~i i inuni  t o  t h e  N+ back su r f ace .  

A1 i s  used because i t  i s  a  convenient  way t o  o b t a i n  a  r e f l e c t i n g  back 

con tac t ,  and t e s t s  have shown t h a t  use o f  t he  A1 can g i v e  2-3% i nc rease  

i n  ISC, obta ined  from t h e  a d d i t i o n a l  pass of unabsorbed l ong  wavelength 

photons. 

T h i s  a l um inum-s i l i con  c o n t a c t  i s  n o t  heated above 400°C, and t h e r e f o r e  

shou ld  n o t  tend t o  form a j c h o t t k y  r e c t i t y i n g  b a r r i e r  or.1 t h e  t ~ i y t i l y  

doped N+ l a y e r .  Never the less,  i n  some cases i f  t he  N+ d i f f u s i o n  was 

n o t  e f f e c t i v e  over  t h e  whole back surface, o r  i f  some boron has pene t ra ted  

t h e  d i f f u s i o n  mask over  t h e  N+ l a y e r ,  t he  A1-N+ S i  i n t e r f a c e  cou ld  add 

s e r i e s  r e s i s t a n c e  ( o r  even decrease VOC s l  i g h t l y )  . 

4. 



( b )  Some t e s t s  have shown t h a t  even a f t e r  c a r e f u l  c l e a n i n g ,  t h e r e  i ,s . . 

a  t h i n  t r a n s p a r e n t  l a y e r  on t h e  s u r f a c e  o f  t h e  P+ s i l i c o n  a f t e r  boron 

d i f f u s i o n .  T h i s  l a y e r  can reduce t h e  AR c o a t i n g  g a i n  and i n  a d d i t i o n  

c o u l d  add s e r i e s  r e s i s t a n c e  t o  t h e  c e l l .  

Bo th  (a) and ( b )  a r e  a f f e c t e d  by t h e  s i n t e r  s teps  used; i t  i s  c l e a r ,  
" ' 

however, t h a t  h i g h  s i n t e r  t empera tu res  a r e  n o t  d e s i r a b l e ,  because t h e y  

i n c r e a s e  t h e  chance o f  a  r e s i s t i v e  c o n t a c t  a t  t h e  back s u r f a c e  o r  on 

t h e  o t h e r  face, c o u l d  l e a d  t o  p a r t i a l  p e n e t r a t i o n  o f  t h e  P+ l a y e r ,  

w i t h  i n c r e a s e d  s h u n t i n g .  

2.1.1 Back-Up T e s t s  

T e s t s  i n  p r o g r e s s  t o  i d e n t i f y  t h e  problems ment ioned above a r e  d e s c r i b e d .  : 

( a )  Use o f  B e t t e r  D i f f u s i o n  Masks 

T e s t s  where in  a  t h i c k e r ,  denser  d i f f u s i o n  mask was used t d  p r o t e c t  

t h e  f r o n t  o f  t h e  N - s i l ' i c o n  d u r i n g  f o r m a t i o n  o f  t h e  N+ BSF l a y e r  were 

p r o m i s i n g .  The s h u n t i n g  e f f e c t s  d e c r e a s i n g  CFF were removed, and VOC 

was adequate.  There was s t i l l  some r e s i d u a l  excess s e r i e s  r e s i s t a n c e ,  

and t e s t s  a r e  i n  p r o g r e s s  t o  see i f  t h i s  i s  caused by t h e  t h i n  boron-  

l a y e r  n o t  b e i n g  c o m p l e t e l y  removed. There  was some 10s o f  I S C ,  ( reduced 

d i f f u s i o n  l e n g t h  f r o m  h e a t i n g )  b u t  t h i s  c o u l d  be c o r r e c t e d  by somewhat 

reduced tempera tu re  i n  t h e  masking process,  and by cant'-olled c o o l i n g  

a f t e r  t h e  mask i s  a p p l i e d .  

( b )  C u t t i n q  T r i a l  

T h i s  t r i a l  was des igned t o  t e s t  t h e  h y p o t h e s i s  t h a t  i ncomp le te  

boron d i f f u s i o n  ( o r  o t h e r  e f f e c t s )  were o c c u r r i n g  a t  t h e  edge o f  l a r g e  



2 s l i c e s .  . Seve ra l  45 cm c e l l s  w i t h  known poor  I - V  cu rves  were s e l e c t e d  

and measured, as s e l e c t i v e  r e d u c t i o n  i n  c e l l  a rea  was ach ieved  by  

c a r e f u l l y  sawing o f f  edge r e g i o n s .  The r e s u l t a n t  c e l l  s i z e  approached 

2 4 cm . The r e s u l t s  o f  t h i s  t e s t  can be seen i n  T a b l e  1 .  A t  l e a s t  

1 / 4 "  was removed a l l  around t h e  edges a f t e r  t h e  second c u t s  were 

made. Even t h e  p o l i s h e d  c e l l s  showed improved CFF, f o r  o n l y  one c e l l  

( B ) ,  and, t h e  r e s u l t a n t  CFF was s t i  11 i nadequa te .  . No i n c r e a s e  i n  VOC was 

obse rved  a f t e r  c u t t i n g .  I t  appears  t h a t  t h e  s h u n t i n g  i s  n o t  l o c a t e d ,  

on  t h e  p e r i p h e r y  o f  t h e  c e l l .  I 

T h i s  l a s t  t e s t  i n c l u d e d  sorne P/N c e l l s  made w i t h  t e x t u r e d  f r o n t  s u r f a c e ,  

( a s  d i s c u s s e d  i n  p r e v i o u s  m o n t h l y  r e p o r t s )  used t o  o b t a i n  2-3% 

i n c r e a s e  i n  ISC It has been shown t h a t  o f t e n  t e x t u r e d  s u r f a c e s  

have s l i g h t l y  reduced VOC ( p r e d i c t a b l e  from t h e  752 l a r g e r  s u r f a c e  a r e a )  

and reduced CFF f r o m  s h u n t i n g  e f f e c t s ,  so t h a t  t h e  t e x t u r e d  c e l l s  

s h o u l d  be l e s s  l i k e l y  t o  r e c o v e r  a f t e r  c u t t i n g  down i n  s i z e .  

2 . 1 . 2  Conc lus ions  

The i n d i v i d u a l  p rocess  c teps ,  and t h e i r  con ib ina t i on  (and t h e r e f o r e  

any i n t e r a c t i o n s )  can y i e l d  s a t i s f a c t o r y  P/N c e l l s  4  cmL i n  a rea ,  b u t  

2 a r e  l e s s  s u c c e s s f u l  f o r  45 cm c e l l s .  T e s t s  were d e s c r i b e d ,  aimed a t  

r e d u c i n g  t h i s  a r e a  dependence. Repeat t e s t s  w i t h  i n t e n t i o n a l  v a r i a t i o n s  

i n  d i f f u s i o n  masks a r e  i n  p r o g r e s s ,  u s i n g  niost o f  t h e  processes found 

success fu l  f o r  4 crn2 c e l l s .  
I .  

I n  a d d i t i o n  a1 t e r n a t e  boron d i  f f ' u s i o n  sources a r e  b e i n g  r e - e v a l  ua ted,  

and a1 t e r n a t e  r e f 1  e c t i  ng back c o n t a c t s  a r e  b e i n q  t e s t e d .  



TABLE 1 
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2.2 Module Des iqn .  

The module des ign  remains e s s e n t i a l l y  t h e  same as descr ibed  i n , t h e  f i r s t  

q u a r t e r l y  r e p o r t  w i t h  minor  changes a f t e r  t h e  Design Review Meet ing.  

The d e t a i l e d  des ign  i s  shown i n  F i gu re  1  and F igu re  2 (OCLI Drawing 

NOS.. D-202400, and D-202373, Rev i s i on  B ) .  The changes f rom t h e  o r i g i n a l  

des ign  w i  11 be descr ibed  i n  t h e  f o l l o w i n g  paragraphs. 

2.2.1  el 1 I n t e r c o n n e c t  i o n  

~b enhance t h e  r e l i a b i  1.i t y  o f  t h e  module, t h e  120 3" c e l l s  w i  11 he 

' connect.eri' 8 i n  'para'l 'ltl'l and, 15 i n  s e r i e s  t o  .a1 l ~ v i a t , ~  t h e  h o t  spot 
. . . . 

problem i n  t h e  even t  o f  a  ce l ' l  be ing  shadowed o r  damaged. The c e l . 1 ~  

w i l l  be c ross -s t rapped  every  f i f t h  row as shown i n  F i gu re  3  (OCLI 

Drawing No. D-202374, Rev is ion  B ) .  . 

2.2.2   unction Box 

Wi th  t he  m o d i f i c a t i o n  o f  c e l l  i n t e r connec t i on ,  t h e  p o s i t v e  and t h e  

neqa t i ve  t e r m i n a l s  w i l l  be ' l oca ted  a t  oppos i t e  ends of t he  module.. 
. . 

Two j u n c t i o n  boxes wi  11 be r e q u i r e d  as shown i n  F i gu re  1 .  

2 . 2 . 3  Whitc  R c f l e c t i n q  Sur face 

The o r i g i n a l  p l a n  o f  app l y i ng  w h i t e  p a i n t  on My la r  t o  enhance e l e c t r i c a l  

p u t p u t  was abandoned. because no s u i  ta-bl  e  whi t e  pa i  n t  o r  adhesive cou ld  

be found t h a t  would adhere t o  t h e  My la r  sheet and ~ i i a i n t a i n  i t s  w h i t e  c o l o r  

a f t e r  temperature c y c l i n g .  Sample 36 -ce l l  modules have been f a b r i c a t e d  

us i ng  a sheet  o f  2  m i l  t h i c k  w h i t e  Ted la r  t o  r ep lace  t;he ~oinbinal ; ior .~ 

o f  .Mylar and w h i t e  p a i n t .  Mechanical l y ,  t h i s  approach e l  im ina tes  ,one 

ope ra t i on .  E l e c t r i c a l l y ,  t h e  ga in  a f t e r  encapsu la t ion  remains t he  same. 



2 . 3  P r o d u c t i o n  T o o l i n g  

The d e s i g n  o f  t h e  f o l l o w i n g  t o o l i n g  has been comple ted and m o d i f i c a t i o n s  

have been made a f t e r  t h e  Des ign Review. I n  a d d i t i o n  t o  t h e  drawings 

shown i n  t h i s  r e p o r t ,  d e t a i l e d  drawings f o r  components and subassembl ies  

a r e  a v a i l a b l e  ( see  Appendix A ) .  F a b r i c a t i o n  o f  t o o l i n g  has begun. 

2.3.1 Back Con tac t  S o l d e r i n g  ---- Machine 

The s o l d e r i n g  machine as shown i n  F i g u r e  4 (OCLI Drawing No. D-202458, 

Sheets 1 -3 )  i s  semi -au tomat i c .  T h i s  c o n s i s t s  o f  a  p h e n o l i c  t e m p l a t e  

w i t h  120 3" c a v i t i e s  wh ich  accommodate c e l l s  w i t h  mesh i n t e r c o n n e c t  

a l r e a d y  s o l d e r e d  t o  t h e  f r o n t  c o n t a c t .  A U n i t e k  r e s i s t a n c e  h e a t i n g  

s o l d e r i n g  machine mounted on two ( 2 )  1  i n c h  d i a m e t e r  m e t a l  rods  i s  used. 

I n d e n t a t i o n s  a t  3.05" a p a r t  ( 3 "  d i a m e t e r  c e l l  p l u s  .05OU spac ing  between 

c e l l s )  a r e  p r o v i d e d  on t h e  r o d .  The s o l d e r i n g  machine i s  manua l l y  

moved f r o m  c e l l  t o  c e l l ,  a  s t e p - r e p e a t  p rocess .  The f l u x i n g  and s o l d e r i n g  

w i l l  be done a u t o n ~ a t i c a l l y ,  w i t h  t h e  e x c e p t i o n  t h a t  f l u x i n g  d u r i n g  t h e  

s o l d e r i n g  o f  t h e  p a r a l l e l  s t r i n g s  w i l l  be done m a n u a l l y .  

The machine i s  des igned t o  s o l d e r  15 c e l l s  i n ~ , s e r i e s  and 8 c e l l s  i n  

p a r a l l e l .  The sequence o f  s o l e r i n g  i s  as f o l l o w s :  

( a )  Fo r  S e r i e s  Connect ions  

P l a c e  t e m p l a t e  a g a i n s t  s t o p  on l e f t  w i t h  " Y "  m o t i o n  i n  t h e  f i r s t  

h o l e .  Move s o l d e r i n g  machine t o  t h e  r i g h t  i n  " X "  d i r e c t i o n  i n  3.04" 

i nc remen ts  u n t i l  15 c e l l s  a r e  s o l d e r - c o n n e c t e d  i n  s e r i e s .  Move- temp la te  

t o  t h e  r i g h t  a g a i n s t  s t o p  wh ich  o f f s e t s  t h e  t e m p l a t e  by 1 .52"  and l o c a t e s  



t h e  s taggered p a t t e r n  o f  t he  n e x t  row. Move " Y "  mo t ion  t o  t h e  second h o l e  

and proceed w i t h  " X u  mot ion  t o  t h e  l e f t .  Repeat above procedures 

u n t i  1  a1 1  120 c e l l s  a r e  so ldered .  , .  

( b )  For  Para1 l e l  Connections 

Remove dowel p i n  from s t o p  on t h e  r i g h t  hand s i d e  and i n s t a l l  t he  

p i n  i n t o  t h e  lower  h o l e  as appeared i n  t h e  drawing. Move " X "  and " Y "  
4;s 

mot ions  t o  t h e i r '  r e s p e c t i v e , f i r s t  ho l e .  Th i s  w i l l  l o c a t e  t h e  f i r s t  s o l d e r  

j o i n t  f o r  t h e  p a r a l l e l  c i r c u i t .  A p iece  of copper mesh c u t  t o  t h e  

p rope r  l e n g t h  i s  t o  be p l aced  on t h e  c e l l s .  Proceed t o  move , " Y "  mo t ion  

i n t o  t h e  second h o l e  u n t i l  8 c e l l s  a r e  connected i n  p a r a l l e l .  Move 

" X u  mot ion  t o  f i f t h ,  t e n t h ,  and f i f t e e n t h  s t op  and repea t  " Y "  mo t ion  

soldering, 

Vacuum Pick-Up 

To f a c i l i t a t e  removal o f  t h e  120 c e l l  assembly f rom t h e  s o l d e r i n g  template ,  

a  s imp le  vacuum p i ck -up  has been designed as shown i n  F i gu re  5 and 6 

(OCLI Drawing Nos. D-202475 and 0-202473). Two p ieces  o f  aluminum 

honeycomb, spaced 1/16" a p a r t  w i l l  be edge-sealed. One hundred and 

twen ty  (120) s o f t  vacuum cups w i l l  be i n s e r t e d  i n t o  one s i d e  o f  t he  

honeycomb. Each cup w i l l  be p o s i t i o n e d  over  t h e  bare  c o n t a c t  of t h e  c e l l .  

A vacuum va l ve  w i l l  be i n s t a l l e d  on t h e  oppos i t e  s i d e .  The in-house 

c e n t r a l  vacuum system w i l l  be used t o  opera te  t h e  p ick -up .  

2 . 3 . 3  AR Coating Tooling 

The evapora to r  used f o r  app l y i ng  m u l t i - l a y e r  a n t i - r e f l e c t i v e  c o a t i n g  has 

f i v e  ( 5 )  pie-shaped p l a t e s ,  each h o l d i n g  e leven (11)  3" c e l l s .  The 



t o o l i n g  i s  designed s p e c i f i c a l l y  f o r  cen te r  con tac t  c e l l s  as shown i n  

F igures  7 and 8 (OCLI Drawing Nos. TDD-12333 and TDC-12333-1). P ins  . 

i n s e r t e d  i n t o  t h e  mount ing p l a t e  w i  11 l o c a t e  a c c u r a t e l y  t h e  p o s i t i o n s  

o f  t h e  c e l l s .  An epoxy f i g e r g l a s s  template  w i t h  e leven (11)  ho les  l o c a t e d  

a t  t h e  cen te r  o f  each c e l l  w i l l  be p laced  over  t h e  ~ n o u t i n g  p l a t e  loaded 

w i t h  e leven  (11)  c e l l s .  H ico rex  permanent magnets, 1/4" i n  d iameter ,  

w i l l  be dropped i n s i d e  t h e  ho les  o f  t h e  temp la te  which w i l l  then be 

renioved. The magnets w i l l  h o l d  t h e  c e l l s  i n  p lace  a g a i n s t  t h e  s t a i n l e s s  

s t e e l  mount ing p l a t e .  

2.3.4 Tes t  F i x t u r e  

The t e s t  f i x t u r e ,  as shown i n  F i gu re  9 (OCLI Drawing No. TAD-12331), i s  

aga in  designed f o r  t e s t i n g  t he  cen te r  c o n t a c t  c e l l s .  Cu r ren t  and v o l t a g e  

probes, e l e c t r i c a l . l y  i s o l a t e d ,  w i l l  make c o n t a c t  t o  t h e  c e l l .  The 

t e s t  f i x t u r e  has p r o v i s i o n s  f o r  c o o l i n g  f l u i d  f o r  t e~npe ra tu re  

c o n t r o l ,  vacuum h o l d  down, thermocouple, and so leno id  t o  opera te  t he  probes. 

The f i x t u r e  i s  capable of t e s t i n g  c e l l s  up t o  5"  i n  d iamete r .  

3.0 MILESTONE -. - - - . - . . 

3.1 The program i s  behind schedule d u e . t o  d i f f i c u l t y  encountered i n  deve lop ing  

l a r g e  area, h i g h  e f f i c i e n c y  P/.N s o l a r  c e l l s .  A reques t  t o  change the  

scope o f  t h e  c o n t r a c t  t o  a l l o w  more t ime f o r  c e l l  development has been 

submi t ted  t o  JPL. 

3.1.1 The des ign o f  t he  module has been conipleted. M o d i f i c a t i o n s  as a  r e s u l t  

o f  t h e  Design Review Meet ing have been i nco rpo ra ted .  



3.1.2  Development o f  h i g h  e f f i c i e n c y ,  P/N c e l l s  i s  c o n t i n u i n g .  Exper iments 
.:.. ':,. . . . .I .... ....., . , . . .  , . , . .. . - . ... . . 

have been des igned t o  i d e n t i f y  t he  cause of  low performance m a i n l y  due t o  

l ow  curve  f i l l  f a c t o r s .  

. . .  

3.1.3 . ~ b t a i l e d  des ign  f o r  t h e  f o l l o w i n g  t o o l i n g  has been completed. ~ a b r i c a t i o b  

has begun. 

( a )  Back c o n t a c t  s o l d e r i n g  machine 

( b )  Vacuum p i ck -up  

( c )  AR c o a t i n g  t n n l i n g  
. . 

( d )  T e s t  f i x t u r e  

Work Planned f o r  t h e  Next  Repo r t i ng  Pe r i od  3.2 

3.2.1 Cont inue c e l l  development w i t h  inc reased  e f f o r t s .  

3,.2:2 Cont inue w i t h  t o o l i n g . f a b r i c a t i o n . .  

3 .3 .  ..: . A m i l es tone  char t .  . is ,  a t tached .  
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BACK CONTACT SOLDERING MACHINE 

Drawing No. T i t l e  

13 A p r i l  1979 

X - Y  Motion So lder ing Device ( 3  pages) 
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VACUUM PICK-UP 

Drawinq No. T i t l e  

Vacuum L i f t  Device Assembly 

Vacuum Cup r lount ing Panel 

Spacer Deta i  1s and Loca t i on  

Top Panel Vacuum L i f t  Device 

Vacuum P o s i t i o n  I n d i c a t o r  

Vacuum Val ve Mounting Flange 

Vacuum Valve Koursl;ir~y F l  arlg't! Assembly 

13 Ap r i  1 1979 



TEST FIXTURE FOR CENTER CONTACT CELL - -- - - - - - - - - -. - - - -. - - . - . - 

Drawing No. T i t i e  

TAD-12331 

TDD-12331-01 
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TAD-1 2332 

TDB-12332-01 

TDB-12332-02 

TDB-12332-03 

13 A p r i l  1979 

T e r r e s t r i a l  S o l a r  C e l l  Tes t  F i x t u r e  
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