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ABSTRACT 

Two techniques a r e  described f o r  improving s i l i c o n  so la r  c e l l  cover 

g lass  assembly and packaging by t h e  use of FEP Teflon. One method 

u t i l i z e s  Teflon a s  an adhesive f o r  cementing standard cover glasses t o  

t h e  s i l i c o n  so l a r  c e l l s .  Because of the  res is tance of t h e  Teflon t o  W 

rad ia t ion ,  the  W f i l t e r  on t h e  cover glass  can be eliminated. Also, 

labor f o r  mounting t he  cover glass  i s  reduced. Covered c e l l s  produced 

in t h i s  manner a r e  more r ead i l y  fabr icated and have a s l i g h t l y  higher 

power output i n i t i a l l y  a s  compared with c e l l s  produced by present tech- 

niques. 

The second method u t i l i z e s  Teflon both a s  t h e  cover mater ia l  and 

a s  an adhesive fo r  mounting t h e  so l a r  c e l l s  t o  a f l ex ib l e  subst ra te .  

A s ign i f ican t  decrease i n  cost  i s  ant ic ipated f o r  arrays fabr icated i n  

t h i s  manner. Some of t h e  charac te r i s t i cs  of a completed a r r ay  would 

be : l ightweight,  f l ex ib l e ,  insula ted,  completely sealed and breakage 

r e s i s t a n t  . 
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SUMMARY 

Two techniques a r e  described f o r  improving s i l i c o n  so la r  c e l l  cover 

g lass  assembly and packaging by t he  use of FEP Teflon. One method 

u t i l i z e s  Teflon a s  an adhesive fo r  cementing standard cover glasses t o  

t he  s i l i c o n  so la r  c e l l s ,  Glass covered c e l l s  produced by t h i s  method 

a r e  more read i ly  fabr icated and have a s l i g h t l y  higher power output than  

c e l l s  produced by present techniques. 

The second method u t i l i z e s  Teflon both a s  t he  cover mate r ia l  and 

a s  an adhesive f o r  mounting t h e  so la r  c e l l s  t o  a f l ex ib l e  subst ra te .  

Solar c e l l  ar rays  fabr icated by t h i s  lrrethod can r ea l i z e  a s ign i f ican t  

decrease i n  cost .  The main factors  i n  t h e  cost  reduction a r e  t he  e l i -  

mination of t h e  labor required t o  cover each c e l l  individual ly  with a 

cover g lass  and t h e  cover glass  i t s e l f ,  and a reduction i n  t he  e f f o r t  

required t o  mom% the  so la r  c e l l s  on a subst ra te .  Some of t he  character-  

i s t  i c s  of a completed a r r ay  would be 1igh"ce ight , f l ex ib l e ,  insula ted,  

completely sealed and breakage r e s i s t an t .  

Preliminary t e s t s  under e lect ron i r r ad i a t i on ,  W i r rad ia t ion ,  

humidity exposure and vacuum thermal cycling a r e  encouraging. 
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INTRODUCTION 

Large so la r  c e l l  arrays a r e  being considered f o r  some fu ture  missions 

t h a t  w i l l  require power l eve l s  i n  t h e  multikilowatt range. One such 

appl icat ion,  a space s t a t i on ,  w i l l  require about 25 kw of power. O f  

spec ia l  i n t e r e s t  t o  these  applications a re  arrays ut  i l i z  ing f l ex ib l e  

subs t ra tes  which permit them t o  be ro l l ed  up or  folded up f o r  storage 

during t h e  launch phase. References 1, 2 and 3 present t he  r e s u l t s  of 

some of the  s tudies  t h a t  have been done on r o l l  up arrays.  I n  t he  

t y p i c a l  a r ray  concept 2 X 2 cm 8 - m i l  t h i ck  s i l i c o n  c e l l s  a re  glued t o  a 

f l ex ib l e  p l a s t i c  sheet ,  usual ly  Kapton. Radiation protect ion i s  pro- 

vided by 3- t o  6-mil t h i ck  covers of g lass  or  fused s i l i c a  at tached t o  

t h e  f ront  of t he  c e l l s .  The cover i s  applied t o  each c e l l  individual ly  

by cementing with an adhesive. To protect  the  c e l l s  i n  t h e  stowed 

pos i t ion  some so r t  of cushion layer i s  generally provided between t h e  

layers  of c e l l s .  

The Lockheed Palo Alto Research Laboratory, Palo Alto, Cal i fornia  

has done some preliminary work with FEP Teflon a s  a so l a r  c e l l  cover ( r e f .  4) .  

FEP Teflon has some proper t ies  which make it an a t t r a c t i v e  candidate f o r  

use with so la r  c e l l s .  These proper t ies  are:  f l e x i b i l i t y ,  to lerance t o  

e lect ron and W rad ia t ion  ( r e f .  5 ) ,  high l i g h t  transmission, a b i l i t y  t o  

bond t o  i t s e l f  and other materials  under heat and pressure,  and low cost .  

Two techniques t h a t  take advantage of t h e  FEP Teflon proper t ies  a r e  

being investigated a t  the  NASA Lewis Research Center i n  an e f f o r t  t o  

develop be t t e r  and cheaper ways t o  make large so la r  c e l l  ar rays .  This 

report  describes t h e  techniques and some of the  preliminary r e s u l t s  obtained. 



3 

The f i r s t  method u t i l i z e s  FEP Teflon a s  an adhesive fo r  cementing 

standard cover glasses t o  s i l i con  so la r  c e l l s .  The second method 

u t i l i z e s  t h e  FEP Teflon both a s  t he  cover mater ia l  f o r  radia t ion protec- 

t ion and as  an adhesive fo r  mounting t h e  so l a r  c e l l s  t o  a f l ex ib le  sub- 

s t r a t e  fo r  fabr ica t ing  lightweight, insula ted,  f l ex ib l e  s i l i c o n  so la r  

c e l l  arrays.  

APPARATUS 

The equipment used t o  bond cover glasses t o  s i l i c o n  so la r  c e l l s  and 

t o  fabr ica te  arrays  or  modules with FEP Teflon i s  shown in  f igures  1 

and 2 ,  The laminating press ,  f igure  1, i s  used as  a heat source and 

container fo r  t h e  pla tens  shown i n  f igure  2. In order t o  produce 

samples which were f r e e  of voids and eliminate breakage of t h e  so la r  

c e l l s  it was found necessary t o  use a combination of vacuum and pressure. 

PROCEDURE 

A l l  materials  used a r e  f i r s t  cleaned by boi l ing i n  alcohol f o r  

one minute. The laminating press i s  closed and preheated t o  about 300°C. 

The pla tens  a r e  opened and placed on a bench and vacuum i s  applied t o  t h e  

porous base. A 5-mil t h i ck  sheet of porous Armalon i s  placed over t h e  

base t o  ac t  a s  a re lease  agent t o  prevent FEP Teflon from s t icking t o  t h e  

base. 

Standard Cover Glasses t o  Si l icon Solar Cells  

Six-mil fused quartz covers coated on one s ide  with an an t i r e f l ec t i on  

(AR) coating are placed with t h e  coated s ide  down on t h e  Armalon, Next, 
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a 2 -mi l t h i ck  sheet of type 20C FEP Teflon ( t rea ted  on both s ides  f o r  

be t t e r  bonding) i s  placed over t h e  cover glasses.  The so la r  c e l l s  a r e  

then placed over t he  FEP Teflon and aligned with t he  cover glasses.  

Next a 1 - m i l  sheet of skived TFE Teflon i s  placed on t op  t o  ac t  as  a 

re lease  agent, F ina l ly  a 5-mil sheet of aluminum i s  s e t  over t h e  e n t i r e  

p la ten and sealed against  t h e  "0" r ing.  This f i n a l  sheet a c t s  a s  a 

vacuum s e a l  and a l so  a s  a means of applying pressure t o  t he  samples. 

The t op  half  of t he  pla ten i s  put in to  posi t ion and t h e  two halves a r e  

bolted together.  

The laminating press i s  opened and t h e  pla tens  a r e  inserted.  The 

press i s  then closed and a hydraulic pressure of about 300 p s i  i s  applied. 

This pressure i s  not applied t o  t h e  samples but only t o  the  pla tens  t o  

hold them together.  Nitrogen gas pressure up t o  100 p s i  i s  applied t o  

t h e  t o p  half  of t he  pla ten,  and there fore  t o  t h e  samples by way of t he  

aluminum sheet .  The platens a re  allowed t o  heat t o  about 290°C. Neither 

t h e  pressure nor t h e  temperature fo r  lamination have been optimized. The 

manufacturers recommendations were used i n  t h i s  investigation.  The sam- 

p l e s  remain a t  290°C f o r  about f i v e  minutes. A t  t h i s  time t h e  heaters 

a r e  turned off  and cold water i s  allowed t o  flow through t h e  press  fo r  

quick cooling. After cooling, t he  pla tens  a r e  removed and opened and t he  

completed samples a r e  removed. The c e l l s  a r e  then separated and t h e  

excess mater ia l  i s  trimmed from t h e  c e l l  edges and contacts. 
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Method 11. FEP Teflon Both a s  the  Cover Material and 

as  an Adhesive fo r  Mounting t he  Solar Cells  

t o  a Flexible Substrate 

This discussion w i l l  cover t h e  fabr icat  ion of modules which a r e  i n  

e f fec t  small ar rays .  The so l a r  c e l l  modules can be interconnected 

e l e c t r i c a l l y  by e i t he r  u l t rason ic  bonding, thermal di f fus ion bonding or 

soldering, Most of the  modules used i n  t h i s  work were 3 c e l l s  i n  

p a r a l l e l  by 10 c e l l s  i n  s e r i e s .  They were made up of 8 - m i l  t h i ck  solder-  

l e s s  s i l i c o n  so la r  c e l l s  with expanded s i l ve r  mesh t h a t  were intercon- 

nected by thermal d i f fus ion  bonding by t he  Boeing Company. 

The s i ze  of t h e  c e l l s  and modules and t h e  thickness of t h e  various 

layers  used a r e  not l imi ted t o  those discussed i n  t h i s  report .  The 

techniques discussed a r e  equally applicable t o  l a rger  or  smaller c e l l s  

and th icker  or th inner  c e l l s  and layers of Kapton and FEP Teflon. 

The procedure used t o  fabr ica te  t h e  modules i s  e s sen t i a l l y  t h e  

same a s  discussed above. F i r s t  a 1 - m i l  t h i c k  sheet of Kapton ( the  sub- 

s t r a t e )  i s  placed on t he  Armalon. A 2-mil t h i ck  sheet of type 20C FEP 

Teflon i s  then placed over the  Kapton. This Teflon layer  a c t s  a s  t h e  

adhesive fo r  bonding t he  so l a r  c e l l s  t o  the  subst ra te .  The solar  c e l l s  

which were previously interconnected a r e  then placed over t h e  Teflon. 

A 5 -mi l t h i ck  sheet of type C FEP Teflon ( t r ea t ed  on one s ide  f o r  b e t t e r  

bonding) i s  placed over t h e  solar  c e l l s  with the  t r ea t ed  s ide  facing 

t he  c e l l s .  The other s teps  a re  iden t ica l  with those  discussed above 

beginning with t h e  skived Teflon layer.  Figure 3 shows t he  various 

layers  i n  t he  p la ten  before lamination, The layers  a r e  ro l led  back for  

c l a r i t y .  
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After t he  completed module i s  removed, excess mater ia l  i s  trimmed 

f romthe  edge. To ensure t h a t  t he  module remains sealed an edge of 

about 1/16 inch i s  retained.  A completed module i s  shown i n  f igure  4. 

To fabr ica te  l a rger  arrays  t h e  packaged modules would be e l e c t r i c a l l y  

connected and t h e  interconnections could be packaged i n  t he  same fashion 

a s  t he  modules . 

DISCUSS I O N  

Method I 

Preliminary e l e c t r i c a l  measurements on t he  so la r  c e l l s  before and 

a f t e r  applying t h e  cover glass  indicate no change i n  t h e  short  c i r c u i t  

current ,  reverse leakage current ,  contact res is tance and junction charac- 

t e r i s t i c s .  These r e s u l t s  a r e  fo r  c e l l s  coated with SiO. Cel ls  covered 

i n  t h i s  manner have an advantage over c e l l s  with g lass  covers cemented 

on with conventional adhesives. Response t o  blue l i g h t  can be re ta ined 

because a W f i l t e r  i s  not required. An add i t iona l  benef i t  i s  obtained 

when t h e  c e l l s  a r e  exposed t o  rad ia t ion  since t he  blue response of t h e  

c e l l s  is  l e a s t  af fected by t h e  rad ia t ion  ( r e f .  6) .  Tolerance l i m i t s  of 

t he  c e l l s  t o  radia t ion have not been f u l l y  investigated but preliminary 

r e s u l t s  indicate no physical damage t o  t he  FEP Teflon a f t e r  t h e  c e l l s  

2 
have been exposed t o  1015 1 MeV electrons/cm i n  vacuum. 

Several  c e l l s  were exposed t o  W rad ia t ion  of wavelengths l e s s  than 

0.3 pm at an i n t ens i t y  of 7.5 suns fo r  a t o t a l  exposure of about 3600 

equivalent sun hours. The short  c i r c u i t  current  decreased about 3 percent.  



Three c e l l s  were a l so  a l t e rna t e ly  dipped and removed from l i qu id  

nitrogen f i ve  times without any change i n  t h e i r  physical  appearance. There 

was no separation or  cracking of the  glass .  The c e l l s  were then dipped 

f i ve  times i n  boi l ing water f o r  two minutes. Again no change was noticed. 

Method I1 

Essen t ia l ly  i den t i ca l  r e s u l t s  were observed f o r  modules prepared 

by method I1 as  with c e l l s  prepared by method I. An add i t iona l  t e s t  

performed on t h e  modules was a vacuum thermal cycling t e s t .  For t h i s  

t e s t  two s i x - c e l l  s e r i e s  s t r i ng  modules were interconnected a t  Lewis 

and packaged by method 11. The interconnect ions were made of l - m i l  

aluminum f o i l .  The f o i l  was not physically bonded t o  t h e  c e l l  but held 

i n  place by t h e  packaging. These modules were exposed t o  1016 vacuum 

thermal cycles. The temperature reached about 4 0 " ~  during t h e  l igh ted  

por t ion of t h e  cycle (1 hour) and about -125OC during t h e  dark por t ion 

of t h e  cycle (1/2 hour). Current-voltage charac te r i s t i cs  of t he  module 

measured before,  during and a f t e r  t h e  cycling indicated no changes i n  

t h e  c e l l s .  No change i n  physical  appearance was observed. Eight s ing le  

c e l l s  packaged by method I1 exposed t o  90 percent r e l a t i v e  humidity a t  

room temperature fo r  one month a l so  indicate  no changes. 

The r e s u l t s  discussed above a r e  preliminary. Further,  more exten- 

s ive  t e s t i n g  i s  planned. 

CONCLUDING REMARKS 

Two techniques fo r  improving s i l i con  solar  c e l l  cover g lass  assembly 

and packaging by t h e  use of FEP Teflon have been described, Method I 

produces glass  covered c e l l s  which a r e  more r ead i l y  fabr icated and have 
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a s l i g h t l y  higher power output than c e l l s  produced by present techniques. 

Solar c e l l  arrays fabr icated by t he  use of method I1 can r ea l i z e  a s ig-  

n i f i can t  decrease i n  cost .  The main fac tors  i n  t h e  cost  reduction a r e  

the  el imination of t h e  labor required t o  cover each c e l l  individual ly  

with a cover g lass  and t h e  cover glass  i t s e l f ,  and a reduction i n  t h e  

e f fo r t  required t o  mount t h e  so l a r  c e l l s  on a substrate.  Some of t h e  

charac te r i s t i cs  of a completed a r r ay  would be : it i s  lightweight , 
f l ex ib l e ,  insula ted,  protected from rad ia t  ion f ron t  and back, completely 

sealed and breakage r e s i s t an t .  I n  addi t ion when t h e  a r r ay  i s  r o l l ed  up 

or folded f o r  storage,  a cushion may not be needed between t h e  layers  

of c e l l s .  
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