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ABSTRACT 

The development o f  t h e  h i gh  e f f i c i e n c y ,  P I N  s o l a r  c e l l s  has begun. 

The bes t  e f f i c i e n c y  achieved t o  da te  on t h e  3"  d iameter  c e l l  was 

15.6% a t  AM1 and 28"C, s l i g h t l y  below t h a t  o f  16.5% r e q u i r e d  f o r  t h e  

f a b r i c a t i o n  o f  14% e f f i c i e n c y  module. Work i s  c o n t i n u i n g  on t h e  c e l l  

development, w i t h  e f f o r t s  concen t ra t i ng  on j u n c t i o n  f o rma t i on  and back 

su r f ace  f i e l d  a p p l i c a t i o n .  

The des ign o f  t h e  module was completed u t i l i z i n g  120 3" d iameter  c e l l s ,  

Sunadex g l a s s ' a s  t h e  supe rs t ra te ,  p o l y v i n y l  b u t y r a l  as t h e  encapsulant,  

ex t ruded  a1 uminum channel f o r  framing, and ~ e f  l o n  i n s u l a t e d  f l e x i b l e  

leads  as t h e  e l e c t r i c a l  t e rm ina l s .  

The des ign o f  t h e  p roduc t i on  t o o l i n g  has been submi t ted  f o r  des ign 

rev iew.  The t o o l i n g  cons,ists of  ( 1 )  back con tac t  s o l d e r i n g  machine, 

( 2 )  vacuum pickup,  ( 3 )  a n t i - r e f l e c t i v e  coa t i ng  t o o l i n g ,  and ( 4 )  t e s t  

f i x t u r c .  
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INTRODUCTION 

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  w i t h  t h e  convers ion  e f f i c i e n c y  o f  16.5% o r  b e t t e r  a t  

AM1 and 28°C. Upon comple t ion  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 ou tpu t  o f  90 w a t t s  a t  AM1 and 

28°C and w i t h  t h e  des ign  goal  o f  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  program i s  t o  des ign and f a b r i c a t e  p r o d u c t i o n  

t o o l i n g  f o r  t 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. 

TECHNICAL DISCUSSION 

The i n i t i a l  phase o f  t h e  program i s  t o  op t im i ze  t h e . p r o c e s s i n g  parameters 

t o  produce a 3"  d iameter  PIN s o l a r  c e l l  w i t h  t h e  convers ion e f f i c i e n c y  i n  

excess o f  16.5% a t  AM1 and 28°C. I n  p a r a l l e l  t o  t h e  c e l l  development, 

a low c o s t  module i s  t o  be designed. 

D e s c r i p t i o n  o f  t h e  PIN - - C e l l  

The s i z e  o f  t h e  s o l a r  c e l l s  i s  3 inches i n  d iameter  by 0.015 inches 

i n  t h i c kness .  The b u l k  s i l i c o n  i s  CZ grown, phosphorus doped, N-type 

s i n g l e  c r y s t a l  w i t h  r e s i s t i v i t y  range between 7 and 14 ohm-cm. The 

wafers  a r e  chemical l y  po l i shed .  Phosphorus i s  d i f f u s e d  on to  t h e  

backs ide o f  t h e  wafer  t o  form a back su r f ace  f i e l d .  The j u n c t i o n  i s  

formed by thermal d i f f u s i o n  us i ng  boron n i t r i d e  as t h e  source m a t e r i a l .  



The c e n t e r  c o n t a c t  and t h e  g r i d  p a t t e r n  a r e  a p p l i e d  by  pho to l i t hog raphy .  

The c o n t a c t  system i s  evaporated t i t an ium-pa l l ad ium-s i l ve r .  A two 

l a y e r  (TiOx and A1203) a n t i - r e f l e c t i o n  c o a t i n g  i s  a p p l i e d  t o  t h e  a c t i v e  

su r f ace  o f  t h e  c e l l  t o  reduce t h e  r e f l e c t i o n  l o s s .  A f i n a l  s i n t e r i n g  

c y c l e  completes t h e  f a b r i c a t i o n  o f  t h e  c e l l .  The ~ i i a j o r  process s teps  

a r e  shown i n  t h e  Flow Char t .  

The f r o n t  c o n t a c t  o f  t h e  ce l l has a  r a d i a l  p a t t e r n  as shown i n  Flgure 1  

(OCLI  Drawing Nu. A-202337). I t  was found t h a t  t h e  c e n t e r  c o n t a c t  des ign  

improved t h e  c o l l e c t i o n  e f f i c i e n c y  and min im ized  t h e  shadow l o s s  o f  t h e  

a c l i v e  area.  

2 .2  D iscuss ion  o f  Key Parameters 

2 . 2 . 1  S i  'I i c o n  P repa ra t i on  

I n  o r d e r  t o  make h i g h  e f f i c i e n c y  s o l a r  c e l l s  t h e  s t a r t i n g  s i l i c o n  must 

have c ~ r t a i n  p r n p ~ r t . i ~ ~ ,  r r~os- t ly  good p e r f e c t i o n  ( a s  i n d i c a t e d  by m i n o r i  t,y 

c a r r i e r  d i f f u s i o n  l e n g t h )  and c o n t r o l  l e d  i m p u r i t y  a d d i t i o n  t o  p rov i de  t h e  

r e q u i r e d  r e s i s t i v i t y  range (7-14 ohm-cm) which w i  11 g i v e  b e s t  ou tpu t .  

T h i s  i s  ach ieved by growing l a r g e  ( > 6  Kg) w e l l  c o n t r o l l e d  N- type  s i n g l e  

c r y s t a l s  by t h e  Czoch ra l sk i  process. To p reserve  as much m a t e r i a l  as 

p o s s i b l e ,  a n d  m a i n t a i n  c r y q t a l  p e r f e c t i o n ,  these  i n g o t s  a r e  sl iced by 

I D  saws, and e t ch -po l i shed .  



FLOW CHART 

HIGH EFFICIENCY P+ N N+ CELLS 

1. Grow Ingo t ,  N-Type, 7-14 ohm-cm. 

2. Prepare Wafers. 

3. Apply  D i f f u s i o n  Mask t o  F ron t .  

4. D i f fuse  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 J u n c t i o n .  

7. Evaporate Back Contact  (A1 , 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 r o n 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 .  



P+ Layer 

The h e a r t  of t h e  s o l a r  c e l l  i s  t h e  charge c o l l e c t i n g  b a r r i e r  which 

serves as t h e  vo l tage-source.  A t  p resen t  these b a r r i e r s  a r e  PN j u n c t i o n s  

formed by P-type i m p u r i t y  d i f f u s i o n  i n t o  N-si  1  i con .  The j u n c t i o n  

i s  kep t  sha l l ow  t o  inc rease  c a r r i e r  c o l l e c t i o n  f rom s h o r t e r  wavelength 

s u n l i g h t ,  absorbed ve ry  near t h e  f r o n t  su r face .  Th i s  j u n c t i o n  i s  

confineel t o  one f ace  o f  t h e  s l i c e  by masking t h e  other- s i d e  d u r . i r ~ y  

d i f f u s i o n .  To m a i n t a i n  c r y s t a l  p e r f e c t i o n ,  t h e  s l i c e s  a r e  annealed a f t e r  

d i f f u s i o n .  

N+ BSF Layer 

~ i g h  o u t p u t  can be ob ta i ned  i f  t h e  m i n o r i t y  c a r r i e r s  generated deeper 

w i t h i n  t h e  s i l i c o n  a r e  prevented f rom t r a v e l l i n g  t o  t h e  back su r f ace  

and recombining. T h i s  i s  ach ieved by b u i l d i n g - i n  a BSF which e l e c t r i c a l l y  

opposes t h e  movement o f  m i n o r i t y  c a r r i e r s  t o  t h e  back surface; an 

i n c i d e n t a l  advantage o f  t h i s  process f o r  7-14 ohm-cm s i l i c o n  i s  an 

accompanying VOC inc rease .  Here t h i s  N+ BSF i s  p rov ided  by d i f f u s e d  

phosphorus. 

2.2.4 Contacts 

An impo r tan t  c o n t r i b u t i o n  t o  h i g h  o u t p u t  c e l l s  i s  an e f f e c t i v e  con tac t  

system. The f r o n t  c o n t a c t  gr4d p a t t e r n  must be se lec ted  t o  cope w ~ t h  

t h e  h i g h  sheet  r e s i s t a n c e  f rom t h e  sha l low PN j u n c t i o n ,  and t h e  l i n e s  

must a l s o  be h i g h l y  conduc t ing  t o  m in im ize  r e s i s t i v e  losses .  The back 

c o n t a c t  must p r o v i d e  some r e f l e c t i o n  f o r  l onge r  wavelength ( l i g h t l y  

absorbed) sun1 i g h t .  A r ray  con tac tab i  1 i ty  must be easy. These con tac t s  



a r e  a p p l i e d  by  vacuum e v a p o r a t i o n ,  w i t h  c a r e f u l  c o n t r o l  o f  t h i c k n e s s ,  

and c l e a n l i n e s s ,  t o  enhance adhes ion  and m o i s t u r e  r e s i s t a n c e .  The 

g r i d  p a t t e r n  mask i s  formed by p h o t o l i t h o g r a p h i c  t e c h n o l o g y .  

2.2.5 C o a t i n g  

Bare s i l i c o n  r e f l e c t s  %35% o f  s u n l i g h t .  An AR c o a t i n g  i s  r e q u i r e d  

t o  reduce r e f l e c t i o n  as much as p o s s i b l e .  Here a  m u l t i l a y e r  AR c o a t i n g  

i s  used, where n e t  r e f l e c t a n c e  i s  <5%. 

2 .3  S t a t u s  o f  C e l l  D e v e l o ~ m e n t  

I n  accordance t o  t h e  module o u t p u t  a n a l y s i s  i n  s e c t i o n  4.0,  t h e  minimum 

average o f  t h e  120 s o l a r  c e l l s  must  be 16.5% a t  AM1 and 28°C t o  a c h i e v e  

t h e  o v e r a l l  module e f f i c i e n c y  o f  14%. To d a t e ,  t h e  h i g h e s t  e f f i c i e n c y  

a t t a i n e d  on a  3"  c e l l  i s  15.6%. The I - V  c u r v e  i s  shown i n  F i g u r e  2. 

The main a reas  o f  i n v e s t i g a t i o n  a r e  t h e  o p t i m i z a t i o n  o f  t h e  j u n c t i o n  

f o r l n a t i o n  and t h e  back s u r f a c e  f i e l d .  D u r i n g  t h e  r e p o r t i n g  p e r i o d ,  

t h r e e  groups o f  exper imen ts  were conducted.  

2 .3 .1  Group I 

A t  t h e  b e g i n n i n g  o f  t h e  P/N c e l l  development,  t h e  r e s i s t i v i t y  f o r  t h e  

a v a i l a b l e  N- t ype  s i l i c o n  was 20 ohm-cm. Twelve ( 1 2 )  exper imen ts  v a r y i n g  

t h e  N+ d i f f u s i o n  and t h e  P+ d i f f u s i o n  were per formed.  The d a t a  a r e  

p r e s e n t e d  i n  T a b l e  I. To e x p e d i t e  a c c u m u l a t i o n  o f  da ta ,  most  o f  t h e  

exper i r i ien ts  were per formed on 2x2 cm c e l l s .  To a c h i e v e  an e f f i c i e n c y  

o f  16.5%, t h e  s h o r t  c i r c u i t  c u r r e n t  d e n s i t y ,  t h e  open c i r c u i t  v o l t a g e  

and t h e  f i l l  f a c t o r  must  be 37 m ~ / c m ~ ,  600 mV, and 75%, r e s p e c t i v e l y .  
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These va lues were achieved on Tes t  No. 3A. However, when t h e  t e s t .  was 

repeated on 3'' wafers, bo th  t h e  ISC and t h e  VOC were lower  than  expected, 

i n d i c a t i n g  e i t h e r  t h e  inadequacy of t h e  BSF format ion o r  t h e  degrada t ion  

o f  t h e  d i f f u s i o n  l e n g t h  due t o  t h e  h i g h  temperature process o f  app l y i ng  

t h e  N+ l a y e r .  I n  a d d i t i o n ,  t h e  P+ d i f f u s i o n  a l s o  r e q u i r e d  examinat ion 

f o r  c u r r e n t  d e n s i t y  improvement. 

C e l l s  i n  t h e  Tes t  No. 5F showed very  low VOC (1.200 mV). I t  was suspected 

t h a t  t h e  c e l l s  were damaged due t o  h i g h  temperature (1000°C). 

2.3.2 Group I 1  

When t h e  base l i ne  s i l i c o n  wafers of  7-14 ohm-cm became a v a i l a b l e ,  a 

group o f  e i g h t  (8)  exper iments was designed and performed simul taneously .  

H a l f  o f  t h e  exper iments assessed j u n c t i o n  format ion,  t h e  o t h e r  h a l f  

assessed back su r f ace  f i e l d .  The exper imenta l  parameters and t h e  t e s t  

r e s u l t s  a re  shown i n  Table 11,. which shows t h a t  none o f  t h e  t e s t s  i s  

adequate t o  p rov ide  t he  16.5% c e l l .  

2.3.3 Group I 1 1  

Th i s  group of n i n e  ( 9 )  exper iments was designed t o  assess t he  m e r i t  o f  

fo rming  P+ j u n c t i o n  p r i o r  t o  t h e  a p p l i c a t i o n  o f  t h e  back su r f ace  f i e l d .  

I f  t h i s  approach i s  successfu l ,  i t  has t he  advantage o f  d e l e t i n g  t h e  

i d e n t i f i c a t i o n  f l a t s  on t h e  wafers, thus i nc reas ing  t h e  a c t i v e  area 

o f  t h e  c e l l .  The m a t r i x  of exper iments and t h e  t e s t  r e s u l t s  a r e  

t a b u l a t e d  i n  Table 111, which c l e a r l y  demonstrates t h a t  t h e  performance 

o f  t he  c e l l s  a re  s t i l l  below the  requirements.  



TABLE I 1  
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2.4 Module Design 

The detailed module design i s  shown in Figure 3 (OCLI Drawing No. D-202400) 

The module consists of a piece of 3/16" thick Sunadex glass as the 

superstrate,  a 120-cell assembly, polyvinyl butyral encapsulation, 

Mylar film fo r  moisture barr ier ,  "Proglaze" s i l icone sealant for  edge 

seal ing, extruded aluminum channel fo r  framing, and two f lex ib le  leads 

secured by Heyco s t r a in  re l ie f  as e lec t r ica l  terminals. Each module 

has 120 ce l l s  connected four ( 4 )  ce l l s  in parallel  and th i r ty  (30) 

c e l l s  in ser ies .  Each key component will be discussed in the following 

paragraphs, 

2.4.1 Superstrate 

OCLI has chosen 3/16" thick annealed, edge-ground Sunadex glass as the 

superstrate mainly due t o  the resul ts  published in JPL Report 5101-62 

en t i t l ed ,  "Photovol t a i c  Solar Panel Resistance t o  Simulated Hai 1 ". 
Annealed glass upon impact would only crack b u t  the module would s t i l l  

function with very small e lec t r ica l  degradation. Tempered glass would 

sha t te r  upon impact resulting in loss of power output. Even though 

the mechanical strength of the annealed glass i s  less  than that  of 

tempered glass i t  i s  more than suff ic ient  to  sa t i s fy  the hail t e s t  

regu 1 remen t . 

Because grinding thc cdgcs of the glass improves t he  performance of the 

s teel  ball drop t e s t ,  OCLI decided to  use edge-ground glass superstrate.  



2.4.2 Module Frame 

The module frame i s  made of 6063-T5 ex t ruded  aluminum channel which 

w i l l  be c u t  t o  l eng th .  The frame i s  made up by spo t  we ld ing  f o u r  ( 4 )  

t r i a n g u l a r  p l a t e s  t o  t h e  aluminum channels as shown i n  F i g u r e  4  

(OCLI Drawing No. D-202399). 

C e l l  Assembly 

The c e l l  assembly, as shown i n  F i gu re  5  (OCLI Drawing No. D-202393), 

c o n s i s t s  o f  120 3" c e l l s  connected four  ( 4 )  c e l l s  i n  p a r a l l e l  and 
I .  

t h i r t y  (30)  c e l l s  i n  s e r i e s .  The i n t e r c o n n e c t o r s  a r e  made o f  t h e  h i g h  

c o n d u c t i v i t y  expanded copper p l a t e d  w i t h  1  m i l  t h i c k  o f  60/40 s o l d e r .  

The mesh p rov i des  t h e  s t r e s s  r e l i e f  necessary f o r  o p e r a t i n g  t h e  module 

over  wide temperature v a r i a t i o n s .  

2.4.4 Encapsu la t ion  

The c e l l  assembly w i l l  be encapsula ted i n  a  conven t iona l  au toc lave  

machine. The system c o n s i s t s  of a  p i ece  o f  Sunadex supe rs t r a te ,  a  

sheet  of .015" t h i c k  PVB, t h e  c e l l  assembly, a  sheet  o f  .020" t h i c k  PVB, 

and a  sheet  of .020" t h i c k  My la r .  The second sheet  o f  PVB may be w h i t e  

i n  c o l o r  o r  t h e  My la r  may be w h i t e  t o  p r o v i d e  t h e  w h i t e  r e f l e c t i n g  

su r f ace  t o  ach ieve t h e  e l e c t r i c a l  ga in ,  a  phenomenon d iscovered  by t h e  

General E l e c t r i c  Company under JPL/DOE c o n t r a c t .  

2.4.5 Edqe S e a l i n g  

A commercial s i l i c o n e  sea lan t  named "Prog laze"  which has been i n  use i n  

t h e  c o n s t r u c t i o n  i n d u s t r y  f o r  many years  has been se lec ted  as t h e  edge 

sea lan t .  It remains e l a s t i c  a t  low temperatures,  e l i m i n a t i n g  t h e  

p o s s i b i l i t y  o f  c rack i ng  t h e  g l a s s  supe rs t r a te .  



2.4.6 E l e c t r i c a l  Terminals 

For  c o s t  e f fect iveness,  t he  r e l a t i v e l y  expensive socket w i  11 be replaced 

w i t h  two (2 )  T e f l o n  i n s u l a t e d  No. 16 AWG stranded w i res  secured by two 

Heyco s t r a i n  r e l i e f  clamps as shown i n  F igure  6 (OCLI Drawing No. C-202392) 

as e l e c t r i c a l  te rmina ls .  

2.4.7 I n t e r f a c e  Cont ro l  

The maximum module dimensions and the  l o c a t i o n s  o f  the, mounting holes 

a r e  shown i n  F igure  7 (UCLI Drawing No. D-202398). 

2.5 Module Output Ana lys is  

The o b j e c t i v e  o f  t h i s  program i s  t o  f a b r i c a t e  a 22.25" x 48" s o l a r  

module w i t h  a minimurrr power ou tpu t  o f  90 wat ts  a t  AM1 and 28°C and w i t h  

a design goal o f  14% o v e r a l l  module e f f i c i e n c y .  The module w i l l  have 

120 3" diameter h i g h  e f f i c i e n c y  s o l a r  c e l l s .  The ga in  due t o  t h e  Sunadex 

and t h e  back r e f l e c t i n g  sur face  i s  est imated t o  be 7%. 

TOTAL MODULE AREA 22.25 i n .  x 2.54 cml in .  x 40 i n .  x 2.54 W i n .  

= 6890 cm2 

2.5.1 N ine ty  (90) Watt Module 

30 W CELL OUTPUT = 07 = 0.701 Watt 

0.701 W CELL EFFICIENCY = 45.6 cn2 0.1 W/cm2 = 15.4% 

90 W MODULE EFFICIENCY = 6890 cmZ 0. W,cm2 = 13.1% 



2.5.2 Fourteen Percent (14%) E f f i c i e n c y  Module 

MODULE OUTPUT = 6890 cm2 x 0.1 W/cm2 x 14% = 96.4 Watts 
. . 

9 6 ' 4 '  = 0.751 Watt . CELL OUTPUT = 120 

0.751 W 
CELL EFFICIENCY- 45.6 cm2 0.1 u / c m ~  = 16.5% 

- - 
. . .  

2.5.3 Packing Fac tor  

PACKING FACTOR = 
120 x 45.6 cm2 = 79. 4% 

6890 

2.6 Product ion Tool. ing 

The f o l  low ing  t o o l  i n g  has been designed; 

2.6.1 AR Coat ing Too l i ng  

The cen te r  con tac t  o f  t he  c e l l  must be sh ie lded du r i ng  AR coa t i ng  
. . 

evaporat ion t o  p rov ide  s o l d e r a b i l i t y .  Small, h i g h  power magnets were 

found t o  work s a t i s f a c t o r i l y .  The t o o l i n g  cons i s t s  o f  f i v e  (5 )  

pie-shaped sec t ions  which f i t  i n s i d e  t h e  AR coa t i ng  evaporator.  P ins 

w i l l  be p rov ided f o r  c e l l  l oca t i ons .  A p l a s t i c  template w i t h  ho les  
, . 

a l i gned  w i t h  t h e  cen te r  o f  t h e  c e l l s  w i l l  f i t  over  t h e  sec t i on  f o r  l oad ing  

t h e  magnets. The template w i l l  be removed upon complet ion o f  load ing .  

2.6.2 Test  F i x t u r e  

The t e s t  f i x t u r e  i s  designed so t h a t  a narrow probe w i l l  reach t h e  cen te r  

con tac t  of t h e  c e l l .  It inc ludes  t h e  usual f ea tu res  such as temperature 

c o n t r o l ,  thermocouple f o r  temperature mon i to r ing ,  f o u r  p o i n t  connections, 

e tc .  



2.6.3 Vacuum Pick-Up 

The vacuum p ick -up  i s  designed t o  remove t h e  c e l l  assembly from t h e  so lde r i ng  

f i x t u r e  and t r a n s f e r  i t  t o  a c lean ing  rack.  I t  cons i s t s  o f  two sheets 

o f  aluminum honeycomb, separated by spacers and sealed around edges 

t o  form a vacuum chamber. S o f t  rubber cups are i n s e r t e d  i n t o  one s ide  

o f  t h e  honeycomb w h i l e  a vacuum va lve  i s  at tached t o  t he  oppos i te  s ide .  

The in-house vacuum l i n e  w i l l  be used t o  operate t h e  p ick-up.  

3.0 MILESTONE 

3.  The program i s  s l i g h t l y  behind schedule due t o  t he  d i f f i c u l t y  encountered 

i n  c e l l  development. The impact on t h e  schedule i s  being assessed. 

The f o l l o w i n g  work has been accomplished. 

3.1.1 The design - o f  t h e  low cost ,  s o l a r  module has been completed. Uetai  led  

drawings have been prepared. 

3.1.2 Development o f  h igh  e f f i c i e n c y  P I N  c e l l  i s  proceeding.   he bes t  e f f i c i e n c y  

achieved on 3" c e l l  i s  15.6%, below the  requirement o f  16.5% a t  AM1 and 

3.1.3 D e t a i l e d  t o o l i n g  design has been completed. A t  t h e  request o f  O C L I  t h e  

t o o l  i n g  design rev iew was postponed. 



3.2 Planned f o r  the next reporting period. 

3.2.1 Continue c e l l  development. 

3.2.2 Conduct tool ing design review meeting. 

3.3 A milestone chart  i s  attached. 
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PROGRAM PLAN 

a * 

TASK 

1. DESIGN OF HIGH EFFICIENCY SOLAR CELL 

. MONTH. 

(a)  Design o f  Photomask 
Acqu- s i  t i o n  o f  Photomask 

(b)  Design o f  AR Too l i ng  
A c q u - s i t i o n  o f  AR Too l i ng  B 2. DESIGN OF HIGH EFFICIENCY MODULE 

(a)  Design o f  I n te rconnec t  
Acqu;sit ion o f  I n te rconnec t  

(b)  Design o f  N-Contact So lde r ing  F i x t u r e  
Acqu-isi t i o n  o f  N-Contact So lde r ing  F i x t u r e  

DEC 

6. FABRICATIOf4 AND DELIVERY OF SIX (6)  MODULES 

I 
7. TOOLING DESIGN REVIEU DATA PACKAGE a 
8. TOOLING DESIGN REVIEW 

9. RECEIPT OF JPL APPROVAL a 

10. FABRICATION OF PRODUCTION TOOLING 

11. PREPARATION OF PROCESSING PROCEDURES i 
12. FABRICATION OF SOLAR CELLS 

13. FABRICATION OF TWENTY (20) MODULES 

14. PRODUCTION TOOLING AND MANUFACTURING AIDS 
- 

, 
A 

( c )  Design o f  Module So lde r ing  F i x t u r e  
A c q u r s i t i o n  o f  Module So lde r ing  F i x t u r e  

(d)  Design of Module Laydown Too l i ng  
A c q u i s i t i o n  o f  Module Laydown Too l i ng  

3. MODULE DESIGN REVIEW DATA PACKAGE 

4. MODULE DESIGN REVIEW 

5. RECEIPT OF JPL APPROVAL 

I 
i 
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