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Glass/polymer encapsulant systems are used i n  power 
generat ing pho tovo l ta i c  (PV) modules t o  i n s u l a t e  t h e  
s o l a r  c e l l  c i r c u i t r y  against  environmental degradation 
and t o  prov ide f o r  e l e c t r i c a l  safety. Leakage cur ren ts  
cause electrochemical corros ion o f  metal1 i c  elements 
t h a t  r e s u l t  i n  power degradation and reduced module 
l i f e t i m e ,  and which, i f  l a r g e  enough, may lead t o  
ground-fault  arcing. 

Three major PV module r e l i a b i l i t y  issues are reviewed: 
1) s u s c e p t i b i l  i t y  t o  vo2tage breakdown, 2) hermeti- 
c i t y /wa te r  ingress, and 3)  moisture-induced corrosion. 
Based upon research f ind ings,  a simple product ion- l ine 
q u a l i f i c a t i o n  t e s t  was developed t h a t  combines t h e  
elements o f  a ttwet" h i -pot  t e s t  and an electrochemical 
co r ros ion  t e s t .  

The fundamental r o l e  o f  a PV module i n s u l a t i o n  system 
i s  t o  i s o l a t e  t h e  ac t i ve  e l e c t r i c a l  elements t o  reduce 
t h e  t h r e a t  t o  human sa fe ty  and t o  minimize s t r a y  leak- 
age cur ren ts  t h a t  may e lect rochemical ly  corrode module 
current -carry ing elements and s t r u c t u r a l  par ts .  To ta l  
charge t rans fe r ,  obtained by l n t e g r a t i n g  ce l l - to- f rame 
leakage cur ren t  over time, i s  a d i r e c t  measure o f  the  
l e v e l  o f  corros ion damage. The leakage c u r r e n t  magni- 
tude depends upon such module design parameters as 
encapsulat ion th ickness and conduction proper t ies,  and 
upon such environmental parameters as temperature and 
r e l a t i v e  humidity.  A module end-o f - l i f e  c r i t e r i o n  has 
been establ ished by measuring c e l l  power output  reduc- 
t i o n  as a func t ion  o f  charge transl'er. 

I n  t h i s  paper we merge these concepts and observat ions 
t o  describe module l i f e t i m e  i n  terms o f  t h e  i n t e r a c t i o n  
o f  two funct ions:  a module s u s c e p t i b i l i t y  funct ion, 
dependent upon mater ia l  and design parameter selec- 
t ions,  and a damage func t ion  def ined by environmental 
parameters. To quan t i f y  t h e  above concepts and b e t t e r  
understand t h e  r o l e  o f  module leakage c u r r e n t  i n  l i m i t -  
i ng  module 1 i f e ,  moisture so rp t ion  isotherms, together  
w i t h  bulk, surface, and i n t e r f a c e  c o n d u c t i v i t i e s  o f  t h e  
encapsulants po lyv iny l  b u t y r a l  (PVB) and ethy lene v i n y l  
acetate (EVA) have been measured. The e f f e c t  on t o t a l  
cel l - to-frame leakage cur ren t  can then be evaluated 
based upon t h e  measured c o r r e l a t i o n  between bulk  and 
sur face c o n d u c t i v i t i e s  and environmental condi t ions.  

Some module insu la t ion  systems are more suscept ib le  t o  
envfronmental changes than others. For example, crys- 
t a l  i n s - s i l  icon (C-Si ) modules are bu l  k-encapsulated; 
mois ture must permeate t h e  encapsulant i n  order  t o  

reach and i n t e r a c t  w i th  t h e  c e l l  c i r c u i t r y ,  which t y p i -  
c a l l y  consis ts  o f  t h i c k - f i l m  m e t a l l i z a t i o n  (approxi-  
mately 0.015 in.) .  I n  amorphous-silicon (a-Si) and 
o ther  t h i n - f i l m  (TF), non-bulk-encapsulated modules, 
e l e c t r i c a l  i s o l a t i o n  i s  achieved by edge-sealing t h e  TF 
( f ract ions-of -microns- th ick)  layers  w i t h  compounds such 
as s o f t  polymers, epoxies, and ac ry l i cs ,  F igure  1. I n  

(q) C-51 W u l a  (b) TF w a-SI Module 

Fig. 1. Typica l  C-Si and a-Si Pho tovo l ta i c  Module 
Const r u c t  ion. 

t h i s  l a t t e r  arrangement, conduct ive elements e x i s t  t o  
t h e  very edge o f  the  module, and t h e  edge sealant  then 
becomes t h e  key e l e c t r i c a l  i s o l a t i o n  mater ia l .  A d is-  
advantage o f  t h i s  arrangement i s  t h a t  d i r e c t  i n t e r -  
f a c i a l  paths t o  the  module i n t e r i o r  e x i s t  t h a t  r e a d i l y  
a l low moisture ingress. These f a c t s  expla in  why C-Si 
modules have greater  longev i t y  than a-Si and TF 
modules. The above considerat ions have l e d  us t o  
study, n o t  on ly  moisture-induced PV module corrosion, 
bu t  a lso  t h e  voltage withstand and hermet i c i t y  charac- 
t e r i s t i c s  o f  t y p i c a l  module i n s u l a t i o n  and edge sealant  
systems. 

Voltaoe Withst& 

The product ion l i n e  t thi-pott t  t e s t  q u a l i f i e s  ( o r  d is-  
q u a l i f i e s )  a module f o r  immediate f i e l d  serv ice b u t  
g ives l i t t l e  i n s i g h t  i n t o  t h e  f a c t o r s  t h a t  determine 
module s u s c e p t i b i l i t y  t o  vo l tage breakdown. We have 
performed de ta i led  s tud ies o f  t h e  vo l tage withstand 
c h a r a c t e r i s t i c s  o f  modules and o f  t y p i c a l  module insu- 
l a t i n g  mate r ia l s  C11, Figure 2 shows a t y p i c a l  t e s t  
r e s u l t  o f  the  breakdown t e s t i n g  o f  Mylar, a large-area 
polymeric f i l m  t y p i c a l l y  used as a module back-surface 
i n s u l a t i o n  -- the  c a l c u l a t i o n  o f  module f a i l u r e  prob- 
a b i l i t y  as a funct ion o f  appl ied voltage, number o f  
i n s u l a t i n g  layers, and module size. Because t h e  number 
o f  i n s u l a t i o n  f laws i s  area dependent, l a r g e r  niudules 
e x h i b i t  a greater  f a i l u r e  p r o b a b i l i t y ;  bu t  t h t s  can be 
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Fig. 2. Module Voltage Breakdown F a i l u r e  P r o b a b i l i t y  
as a Funct ion o f  Applfed Voltage, Number o f  
I n s u l a t i n g  Pl ies,  and Module Area. 
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Fig. 4. Sorpt ion Isotherms f o r  PVB and EVA. 
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Fig. 5. E l e c t r i c a l  Conduc t i v i t y  o f  PVB and EVA vs 
, Re la t i ve  Humidity and Temperature. 
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Fig. 3. Voltage Breakdown F a i l u r e  P r o b a b i l i t y  o f  4-Mil 
Tedlar: P r i s t i n e  and Aged by Exposure t o  
Mo is t  A i r .  

reduced, cos t  considerat ions permi t t ing,  by using mul- 
t i p l e  insu la t ion  layers. F igure  3 shows how long-term 
exposure o f  Tedlar, a  popular module back-cover f i lm ,  
t o  temperature and moisture increases i t s  vo l tage , ' breakdown f a i l u r e  p r o b a b i l i t y .  

Moisture en te r ing  a PV module d i f f u s e s  along in te r faces  
and accumulates i n  t h e  insu la t ion .  The quan t i t y  o f  
rnoisture sorbed by t h e  i n s u l a t i o n  i s  a  func t ion  o f  t h e  
temperature and atmospheric vapor pressure; t h e  amount 
o f  moisture sorbed by PV module encapsulants PVB and 
EVA has been measured and i s  presented i n  F igure 4 C21. 
The reta ined moisture provides an e l e c t r o l y t i c  medium 
f o r  t h e  d isso lu t ion  o f  i o n i z i n g  species, thereby in-  
creasing t h e  e l e c t r i c a l  conductance o f  t h e  i n s u l a t i o n  
and i t s  in ter faces.  Increases i n  t h e  bulk  c o n d u c t i v i t y  
o f  PVB and EVA as func t ions  o f  increasing r e l a t i v e  
humidity and temperature are shown i n  F igure 5 C31. 
I n t e r f a c e  c o n d u c t i v i t i e s  o f  PVE-glass and EVA-glass 
combinations a re  presented i n  F igure  6 and 7, respec- 
t i v e l y .  Surface c o n d u c t i v i t y  data f o r  t h e  two encap- 
su lants  were a lso  measured, b u t  a re  n o t  presented here. 
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Fig. 6. PVB-Glass I n t e r f a c e  E l e c t r i c a l  Conduct iv i ty  

Ana ly t i ca l  curves were f i t t e d  t o  these data using phys- 
i c a l  models developed i n  C21. 

Increased mater ia l  and i n t e r f a c e  conduc t i v i t i es  accel- 
e ra te  galvanic corros ion p o t e n t i a l s  w i t h i n  PV modules 
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Fig. 7. EVA-Glass I n t e r f a c e  E l e c t r i c a l  Conduct iv i ty .  

and r e s u l t  i n  l a r g e r  anode-to-cathode (cel l - to-frame o r  
frame-to-cel l )  leakage cur ren tsp  a key c o n t r i b u t o r  t o  
module electrochemical degradation. A single-encapsu- 
la ted-ce l l  model o f  a PV module was developed C21 t o  
analyze t h e  dependency o f  ce l l - to- f rame leakage cur ren t  
on various module design and environmental parameters, 
F igure 8. The r e s u l t s  o f  t h e  analysis, F igure 9~ re- 
veal how t h e  i n t e r p l a y  o f  t h e  environmental parameters 
temperature and r e l a t i v e  humidity, w i t h  var ious module 
design parameters and mate r ia l  conduct ion p roper t ies*  
determine o v e r a l l  module cel l - to-frame conduction. 

The lower graph, dep ic t ing  how t h e  environmental param- 
e te rs  temperature and r e l a t i v e  humid i ty  determine 
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Fig. 8. One-Cell PV Coupon Conduction Model. 
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Fig. 9. Results of Model Analysis. 

c e r t a i n  module e l e c t r i c a l  r e s i s t i v i t y  ra t ios,  i s  an im- 
p l i c i t  module " e x p o s ~ r e ~ ~  funct ion.  The upper graph, 
showing how module performance changes w i th  design 
parameters* f s  an i m p l i c i t  " suscep t ib i l i t y1 I  funct ion. 
I n  concert w i th  app l i ca t ion  voltages, these funct ions 
determine a damage funct ion.  i.e.* dose rates (leakage 
currents)  o f  damage (charge t r a n s f e r )  accumulation. 

The actual electrochemical f a i l u r e  mechanism i s  as 
fo l l ows  C43. Redox reac t ions  a t  t h e  electrodes ( c e l l  
and together  w i t h  r e s u l t a n t  e lect rode 
d issolut ion,  product formation, and in te re lec t rode  i o n  



migra t ion  (charge t r a n s f e r ) ,  d i s c o l o r  t h e  encapsulant, 
reducing i t s  o p t i c a l  t r a n s m i s s i b i l i t y .  As a conse- 
quence, c e l l  power output  i s  reduced t o  non-useful 
l eve ls .  

Reduction i n  output power as a func t ion  o f  charge 
t rans fe r red  per u n i t  length of module frame has been 
measured f o r  both C-Si and a-Si c e l l  modules C?,41; t h e  
resul ts ,  presented i n  F igure 10, show t h a t  a-Si and TF 
modules are more suscept ib le  t o  t h i s  form o f  degrada- 
t i o n  by a t  l e a s t  a f a c t o r  o f  10 i n  charge t rans fe r ,  and 
hence, serv ice 1 i fe t tme.  

Next a ser ies o f  candidate edge-sealant compounds, 
cons is t ing  o f  buty ls ,  epoxies, and EVA, were tested by 
exposing i n  an 8 5 ° ~ / 1 0 0 9 % ~ ~  environment small module- 
l i k e  t e s t  coupons w i t h i n  which were sealed cobaltous 
c h l o r i d e  humidity sensors t h a t  would t u r n  co lo r  upon 
exposure t o  moisture, should t h e  sealant f a i l ;  see 
F igure 11 f o r  a view o f  t h e  experimental setup. Test 
resul ts ,  F igure 12 C51, revealed t h a t  on ly  two epoxy 
systems survived 300 hours o f  exposure. 

Fig. 10. PV Module Power Output Reduction as a Funct ion 
o f  Celi-to-Frame Charge Transfer.  

Hermet ic i ty  
. . 

C-Si modules fea tu re  i n d i v i d u a l  c e l l s  bulk-encapsu-lated 
i n  a low moisture sorbing, low i o n  content  polymer such 
as EVA. Moisture can reach t h e  c e l l s  on ly  v i a  paths 
through t h e  bulk o f  the  insu la t ion .  A-Si and TF 
modules, on t h e  other  hand, a re  genera l l y  non bulk- 
encapsulated monol i th ic  ce l l -on-g lass ( o r  cell-on-me- 
t a l )  s t ructures;  hence i n  these modules, d i r e c t  i n t e r -  
f a c i a l  paths e x i s t  from t h e  ex te rna l  environment t o  t h e  
c e l l s ,  pathways conducive t o  mois ture ingress. A de- 
s ign  s t rategy t o  c u r t a i l  moisture-induced corros ion i s  
t o  employ glass-on-glass ( o r  glass-on-metal) construc- 
t i o n  and hermet ica l ly  seal t h e  module periphery. 

Toward t h i s  end we have measured t h e  bulk  r e s i s t i v i t i e s  
o f  ava i lab le  caulk ing compounds, Table 1 C51; these 
were found t o  have bulk r e s i s t i v i t y  values considerably 

, less  than t h a t  o f  the  encapsulant PVB, considered mar- 
/ g ina l  f o r  PV appl icat ions.  

...................................................... 
Table 1. ...................................................... 

Bulk R e s i s t i v i t y  o f  Module Sealants 
and Encapsulants 

@ 20 vo l t s ,  2 2 ° ~ / 5 0 % ~ ~  

Mate r ia l  R e s i s t i v i t y ,  ohm-cm 

S i k a f l e x  240 3.0 - 9.0 x 10 l0 
Dynatrol  1 .6 x l o l o  
PRC Caulk 3.0 - 5.0 x loo9 
PVB 

EVA 

Fig. 11. Environmental Tes t ing  o f  Candidate Edge 
Sealants 

RRH 0 100 hn 5 and 300 h n  I, ~ S ~ C / ~ O O X R H  Exposure 

Fig. 12, Edge Sealant Study Test Results 



Follow-up t e s t s  on these two successful epoxy systems 
revealed that ,  a f t e r  exposure t o  a dry  temperature 
c y c l i n g  environment (-10°c t o  +60°c f o r  10 days), they 
subsequent1 y f a i l e d  an 85'~/85%R~ exposure. Th is  sug- 
gests t h a t  improved epoxies o r  a l t e r n a t i v e  sealants and 
sealant concepts must be developed and tes ted  t o  with- 
stand t h e  thermal c y c l i n g  s t resses common i n  the PV 
app l i ca t ions  environment. 

FICATION TEST DFVFLOPW 

These f ind ings  i n  PV module vo l tage withstand and cor- 
ros ion research have been t r a n s l a t e d  i n t o  a usefu l  
product ion- l ine module q u a l i f i c a t i o n  t e s t  C61, whfch we 
r e f e r  t o  as a Wet I n s u l a t t o n  Resistance (WIR) t e s t .  I n  
essence, the  WIR t e s t  combines t h e  q u a n t i t a t i v e  aspects 
we have developed i n  PV module electrochemical and 
galvanic corros ion research and t e s t i n g  w i t h  t h e  qua l i -  
t a t i v e  aspects o f  t h e  standard h i -pot  t e s t .  

I n  t h e  standard (d ry )  h i -pot  tes t ,  tw ice  working v o l t -  
age p lus  1000 v o l t s  (approximately 1500 Vdc t o  3000 . 
Vdc) i s  impressed between t h e  shorted module i n t e r n a l  
current -carry ing elements and external  conduct ive 
s t r u c t u r a l  elements f o r  a per iod n o t  exceeding one 
minute; t h e  module i s  considered t o  llpassll i f  t h e  leak- 
age cur ren t  does n o t  exceed 50 uA. The t e s t  l e v e l  o f  
tw ice  workfng vo l tage p lus  1000 v o l t s  became stand- 
ardized i n  t h e  e a r l y  days o f  vo l tage withstand t e s t i n g  
o f  insu lat ions;  t h e  50 uA c r i t e r i o n  der ived from con- 
s ide ra t ions  o f  ground-fault  de tec t ion  and human safety  
l e v e l s  f o r  l a rge  PV arrays. 

The h i -pot  tes t ,  however, d i d  n o t  account f o r  t h e  
e f f e c t s  o f  moisture. Toward t h i s  end t h e  humidi- 
ty / f reeze test ,  a l so  q u a l i t a t i v e ,  was developed a t  JPL 
C71. I n  t h i s  tes t ,  modules are cycled once a day f o r  
10 days between an environment o f  - 4 0 0 ~  (4  h rs )  and 
8S0c/85%R~ (20 hrs) .  The ob jec t  1s t o  fo rce  moisture 
i n t o  t h e  module and. v i a  v i sua l  inspect ion, observe 
mechanical and moisture-induced corrosion. 

I n  t h e  humid i ty / f reeze t e s t ,  t h e  modules are n o t  elec- 
t r i c a l l y  biased, so electrochemical e f f e c t s  are no t  ob- 
served. We i n i t i a l l y  biased modules (500 vo l ts ,  c e l l -  
to-frame, both p o l a r i t i e s )  i n  a humidity/ freeze-type 
t e s t  and monitored leakage cur ren ts  over t h e  10-day 
t e s t  period. Presuming t h a t  equal q u a n t i t i e s  o f  charge 
t r a n s f e r  ( i n q g y  environment) r e s u l t  i n  equiva lent  
l e v e l s  o f  electrochemical damage, and u t i l i z i n g  t h e  
previous1 y determined charge t r a n s f e r  based f a i l u r e  
c r i t e r i o n ,  we were able t o  determine c o r r e l a t i o n s  be- 
tween module exposure t imes i n  accelerated t e s t  
chambers and i n  f i e l d  environments, and, indeed, were 
able t o  p r e d i c t  module se rv ice  l i f e t i m e s  181. 

,As awareness o f  t h e  problem o f  moisture-induced module 
r corros ion grew, i.e., as it became ev ident  t h a t  t h e  

h ighest  leakage cur ren ts  occur when t h e  module i s  wet, 
a clamor arose w i t h i n  t h e  PV indus t ry  f o r  a I1wet1l h i -  
p o t  q u a l i f i c a t i o n  t e s t .  JPL responded by developing 
t h e  WIR t e s t  161, i n  which each module edge i s  im 
mersed, i n  turn,  i n  a water /sur factant  s o l u t i o n  (we 
recommend a tap  water s o l u t i o n  o f  0.1% by volume T r i t o n  
X-100: o c t y l  phenoxy polyethoxy ethanol),  and t h e  re- 
s is tance between t h e  shorted te rm ina t ions  and t h e  solu- 
t i o n  i s  measured. The llweakestll edge i s  thus deter- 
mined. This  edge i s  now re-Immersed i n  t h e  s o l u t i o n  
and a t e s t  vo l tage o f  500 v o l t s  i s  appl ied f o r  two 
minutes between t h e  shorted output  terminat ions and t h e  
so lut ion,  a f t e r  which t ime t h e  i n s u l a t i o n  res is tance i s  
recorded. The module i s  then sprayed w i t h  t h e  same 
water /sur factant  s o l u t i o n  and t h e  res is tance a f t e r  two 
minutes i s  again recorded. A s u i t a b l e  high-fmpedance 
ohmmeter (Megohmmeter o r  Megger) i s  recommended f o r  use 
i n  t h i s  tes t .  Our t e s t  set-up i s  shown i n  F igure  13. 

Fig. 13. Wet I n s u l a t i o n  Resistance Test Set-up 

The choice o f  pass- fa i l  res is tance c r i t e r i o n  derives 
from t h e  q u a n t i t a t i v e  aspects o f  module electrochemical 
researah: the quan t i t y  o f  ce l l - to- f rame charge t r a n s f e r  
t h a t  reduces module power output  t o  non-useful levels, 
F igure 10. A reading o f  1000 megohms w i l l  qua1 i f y  a 
t y p i c a l  1' x 4 '  module f o r  approximately 30-year ser- 
v i c e  ( t h i s  c r i t e r i o n  i s  based upon an assumed 2-hr 
per iod o f  r a i n  o r  dew condensation each day and no 
increas~es i n  leakage cur ren t  as t h e  module llagesll). 

Such q u a l i f i c a t i o n  t e s t s  and associated pass- fa i l  c r i -  
t e r i a  are under cu r ren t  development both by research 
labora$ories such as JPL and SERI, and by ind iv idua l  
module manufacturers. To date no standard q u a l i f i c a -  
t i o n  tes t  procedure has been adopted by the  PV indus- 
t r y .  

We have.exposed module f r o n t -  and back-surface insula- 
t i o n  f i lms,  mainly Tedlars, t o  th ree  temperature\humid- 
i t y \ u l t r a v i o l e t  environments i n  an e f f o r t  t o  determine 

Table 2. 

Defihed Tedlar Degradation Levels vs Exposure Time 

.I.. Shorp edges. 20 1bF 
A Concentric crocks. 20 IbF 

Concentric Crocks. 2 IbF 

A Obvioua 3urtacs crocks 



long-term environmental e f f e c t s  on these f i lms.  The 
environments inc lude 8 5 ° ~ / 1 0 % ~ ~ t  8 5 ' ~ / 8 5 % ~ ~ ,  and 
6 5 ' ~ / 8 5 % ~ ~ ,  w i th  1-sun UV I n  each environment. Evalua- 
t i o n  o f  t h e  insu la t ions  inc lude v isua l  Inspection, 
weight l o s s  measurements, p u l l  t e s t s  ( f o r c e  - elonga- 
t i o n ) ,  and push t e s t s  ( s i m i l a r  t o  hardness tes ts ) .  We 
have found i n  these t e s t s  t h a t  humidity plays an ins lg-  
n l f i c a n t  role. The major forms o f  degradation are 
mate r ia l  embri t t lement induced by photo-thermal oxida- 
t i o n  and polymer chain sc lss ion  react ions 191. 

Some push t e s t  r e s u l t s  are presented I n  Table 2, whfch 
gives t h e  t ime a t  which c e r t a i n  v i sua l  features r e l a t -  
ing t o  embri t t lement became ev ident  on t h e  f i l m s  when a 
0.0625 in. diameter b a l l  was impressed i n t o  t h e  f i lms .  
These data can serve as a basis f o r  obta in ing Arrhenius 
embri t t lement ra tes  and a c t i v a t i o n  energies C91. 

CONCLUSIONS 

JPL has developed a Wet I n s u l a t i o n  Resistance q u a l i f i -  
ca t ion  t e s t  t o  measure t h e  s u s c e p t i b i l i t y  o f  PV modules 
t o  i n t e r a c t i o n  w i t h  moisture. The t e s t  determines 
whether o r  n o t  t h e  e l e c t r i c a l  i n s u l a t i o n  system i s  con- 
s i s t e n t  w i t h  safety, e lect rochanica l  corros ionr  and PV 
system ground-fault  sensing requirements under wet 
operat ing condit ions. The t e s t  combines elements o f  
both an electrochemical corros ion t e s t  and a tlwettt h i -  
p o t  t e s t  i n t o  a single, simple procedure f o r  f i e l d ,  
product ion-l ine, o r  laboratory  use. 

The adequacy o f  present PV module i n s u l a t i o n  systems t o  
withstand a 30-year f i e l d  environment depends upon t h e  
module type. C-Si modules, whose c e l l s  are bulk-encap- 
su lated I n  a low moisture-sorbing, low-ion content 
polymer such as EVA, and fea tu r ing  glass-superstrate, 
glass-substrate const ruct iont  have exh ib i ted  super ior  
performance i n  both wet and dry environments. Because 
a-Si and TF modules are n o t  bulk-encapsulated. t h e  
existence o f  I n t e r f a c i a l  paths from t h e  environment t o  
t h e  module I n t e r i o r  r e a d i l y  permit t h e  ingress o f  mots- 
t u r e  t o  t h e  TF layers; as a resu l t ,  t h e  performance o f  
TF modules, p a r t i c u l a r l y  i n  mois t  environments, i s  
dependent upon t h e  edge-sealing techniques and t h e  
q u a l i t y  o f  mate r ia l s  used. 

Present approaches t o  Improving TF module i n s u l a t i o n  
performance focus on developing edge-sealants t h a t  n o t  
on ly  e x h i b i t  low moisture permeabi l i ty  b u t  a lso  prov ide 
acceptable substrate-to-superstrate bondl ine res is tance 
t o  moisture and c y c l i c a l  environmental temperature and 
UV stresses. Use o f  var ious polymeric systems are 
under invest igat ion,  inc lud ing ac ry l i cs ,  epoxies, and 
UV-curable compounds. 
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