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A b s t r a c t  

Water absorp t ion  r a t e s  o f  f o u r  k inds  o f  epoxy r e s i n s  cured w i t h  
phenol novolac (PH) were compared w i t h  t h e  r e s u l t s  o f  p o s i t r o n  ann i -  
h i l a t i o n  l i f e t i m e  measurements (PAL). Three samples: c r e s o l  novolac 
(CR), te t ra-methy l -b iphenol  (TMB) and bis-phenol  A (BA), showed almost 
s i m i l a r  a b s o r p t i o n  r a t e s ,  w h i l e  t r is-hydroxy-phenyl-methane (THPM) 
absorbed water  t w i c e  as f a s t  as o t h e r s .  Since THPM has a  l a r g e r  T 

va lue  (hence la rger ,  i ntermolecular-space h o l e s )  than  the-  o t h e r  sam- 
p l e s ,  t h e  c o r r e l a t i o n  between r and t h e  a b s o r p t i o n  r a t e  seems 
e v i d e n t .  For THPM, t h e  l i f e t i m e  d i s t r i b u t i o n  was s h i f t e d  toward a  
s h o r t e r  1  i f e t i m e  a f t e r  absorb ing water ,  which i s  i n t e r p r e t e d  i n  terms 
o f  t h e  p a r t i c u l a r  s t r u c t u r e  o f  three-dimensional  ho les .  

1 .  I n t r o d u c t i o n  

Among many t ypes  o f  epoxy r e s i n s ,  novolac epoxy r e s i n s  a re  w i d e l y  used 
f o r  encapsu la t i on  o f  I n t e g r a t e d  C i r c u i t s  ( I C s )  i n  o rde r  t o  p r o t e c t  
semiconductor c h i p s  and c i r c u i t s  f rom mo is tu re ,  dus ts ,  and o t h e r  
e x t e r n a l  o b s t r u c t i o n s ,  as we7 1  as t o  secure t h e  e l e c t r i c a l  i n s u l a -  
t i o n .  I t  i s  r e q u i r e d  f o r  t h e  encapsu la t i on  m a t e r i a l s  t o  have h i g h  
mechanical s t r e n g t h ,  h i g h  mo is tu re  res i s tance ,  and h i g h  heat  r e s i s t -  
ance. The p resen t  au tho rs  have a p p l i e d  PAL t o  s tudy  t h e  c h a r a c t e r i s -  
t i c s  o f  novolac epoxy r e s i n s  used f o r  ICs / I / ,  and m ic roscop ic  i n f o r -  
mat ion f rom PAL was compared w i t h  macroscopic c h a r a c t e r i s t i c s  ob- 
t a i n e d  by s tandard methods: . g lass  t r a n s i t i o n  temperatures (Tg) , 
thermal  expansion c o e f f i c i e n t ,  mechanical s t r e n g t h  and water absorp- 
t i o n  r a t e .  

I n  t h i s  work, t h e  water absorp t ion  r a t e  i s  d iscussed i n  d e t a i l  
and l i f e t i m e  d i s t r i b u t i o n s  o f  r a r e  compared w i t h  t h r e e  dimensional  
ho le  s t r u c t u r e s  c a l c u l a t e d  us ing  molecu lar  dynamics method. 
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2 .  Experiment 

The p o s i t r o n  a n n i h i l a t i o n  exper iments were conducted w i t h  a  conven- 
t i o n a l  f a s t - f a s t  co inc idence system w i t h  a  t i m e  r e s o l u t i o n  o f  270ps 
f u l l  w i d t h  a t  h a l f  maximum (FWHM). 

Four k i n d s  o f  epoxy r e s i n s :  CR, THPM, TMB and BA, were cured 
w i t h  PH, adding t r i -pheny l -phosph in  as a  c a t a l y s t  ( these  a re  k i n d l y  
s u p p l i e d  f rom Sumitomo Chemical Co. L t d . ) .  For t h e  measurements o f  
water  a b s o r p t i o n  r a t e ,  t h e  samples were immersed i n  a  water  b a t h  
c o n t r o l l e d  a t  about 9 8 ' ~  and a  weight  increase o f  2.3% was ob ta ined  i n  
10 days: PAL measurements were conducted f o r  l h  t o  c o l l e c t  ca.  2 
m i l l i o n  events a t  each measurement o f  t h e  water  a b s o r p t i o n  r a t e .  For 
t h e  a n a l y s i s  o f  l i f e t i m e  d i s t r i b u t i o n ,  t h e  samples were immersed f o r  4 
months i n  t h e  water  b a t h  t o  achieve ca. 3% we igh t  i nc rease  and PAL 
d a t a  were c o l l e c t e d  more than  10 m i  11 i o n  events f rom 6-7 h  measure- 
ments. Al though, d u r i n g  measurements, t h e  samples were n o t  sea led,  
t h e  mo is tu re  c o n t e n t  was n o t  changed a f t e r  and b e f o r e  PAL: water  
absorbed i n  samples i s  cons idered t o  be a t tached  t o  h y d r o p h i l i c  r a d i -  
c a l s .  

3 .Resu l ts  and d i scuss ion  

3.1 Water a b s o r p t i o n  and p o s i t r o n  a n n i h i l a t i o n  r e s u l t s  o f  I3 and z 

Water a b s o r p t i o n  r a t e ,  de f ined  by mass increase i n  weight  ( A M )  w i t h i n  
I h  a f t e r  immersing samples i n  water  AM/MO (MO: o r i g i n a l  mass), was as 
f o l l o w s :  0.47%, 0.88%, 0.46%, and 0.45% f o r  CR,  THPM, TMB and BA, 
r e s p e c t i v e l y .  These r e s u l t s  i n d i c a t e  t h a t  t h r e e  samples: CR,  TMB and 
BA, show almost s i m i l a r  a b s o r p t i o n  r a t e s ,  w h i l e  THPM absorbs water 
t w i c e  as f a s t  as o the rs -The  r e l a t i o n  between t h e  weight  i nc rease  and 
Ig ( Z  3 )  i s  shown i n  F igu re  1  ( 2 ) .  

Weight lncreose ( % ) Weight Increase ( %  

F igu re  1, Ig vs water  a b s o r p t i o n  F igu re  2, z vs water a b s o r p t i o n  



3.2 D i s t r i b u t i o n  o f  z and wa te r  a b s o r p t i o n  

I n  t h e  a n a l y s i s  o f  l i f e t i m e  s p e c t r a  u s i n g  POSITRONFIT /2/, t h e  number 
o f  t h e  l i f e t i m e  components must be g i v e n  as an i n p u t  da ta .  On t h e  
o t h e r  hand, u s i n g  a  computer code "CONTIN" /3--7/, t h e  l i f e t i m e  spec- 
t r a  can be reso l ved  i n t o  a  smooth s o l u t i o n  w i t h o u t  knowing t h e  number 
o f  t h e  l i f e t i m e  components. The CONTIN was a p p l i e d  t o  t h e  l i f e t i m e  
s p e c t r a  f o r  t h e  f o u r  k i n d s  o f  novo lac  epoxy r e s i n s  w i t h  and w i t h o u t  

F i g u r e  3, z o f  CR F i g u r e  4,  T o f  THPM 

wa te r  a b s o r p t i o n .  F i g u r e s  3 and 4 show a ( 1  i ) h h  ve rsus  T 3 ~ 1 / A  i, 
where C j a ( 2 ,  i ) A 2 ,  i = l  /4 / .  For  t h e  case o f  CR, two d i s t r i b u t i o n  
p a t t e r n s  f o r  d r y  and wet  samples a re  s i m i l a r  ( F i g . 3 )  and t h e  same 
r e s u l t s  a r e  a l s o  o b t a i n e d  f o r  TMB and BA. However f i n d i n g s  f o r  THPM 
( F i g . 4 )  show t h a t  t h e  d i s t r i b u t i o n  o f  wet samples s h i f t  t o  s h o r t e r  
l i f e t i m e s ,  w h i l e  t h e  i n t e g r a t i o n s  o f  I3 a r e  a lmost  t h e  same. 
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As shown above, t h e  d i s t r i b u t i o n  o f  z f o r  THPM s h i f t s  towards 
s h o r t e r  l i f e t i m e s ,  wh ich  seems t o  be r e l a t e d  w i t h  i t s  l a r g e  z 3. To 
i n v e s t i g a t e  t h e  h o l e  s t r u c t u r e s ,  a  program "CSC-Chem3Dm /8/ was used 
t o  c a l c u l a t e  t h e  s m a l l e s t  u n i t  o f  t h e  th ree -d imens iona l  polymer 
s t r u c t u r e .  The r e s u l t  i s  shown i n  F i g u r e  5 .  

0 T J .  

F i g u r e  5 ,  A  c a l c u l a t e d  
t h r e e  d imens iona l  h o l e  Bezene 
s t r u c t u r e  o b t a i n e d  f o r  
a  THPM u n i t  c e l l  

Hydrogen 
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From z of POSITRONFIT, h o l e  d iameters  f o r  THPM and CR a r e  
e s t i m a t e d  t o  be 0.52nm and 0.58nm, r e s p e c t i v e l y ,  wh ich  suggest  t h e  
sma l l  d i f f e r e n c e  i n  t h e  s i z e :  these d iameters  a r e  c a l c u l a t e d  by t h e  
semi -emp i r i ca l  e q u a t i o n  between z and h o l e  r a d i u s  / 9 / .  However, as 
shown i n  F i g u r e  5,  t h e  h o l e  o f  THPM i s  e l l i p t i c a l  i n  shape w i t h  much 
l o n g e r  a x i s  ( l o n g  a x i s  - 1.6nm, s h o r t  a x i s  -- 0.6nm) t h a n  t h a t  o f  CR 
whose shape i s  q u i t e  c l o s e  t o  sphere ( l o n g  a x i s  -- lnm, s h o r t  a x i s  - 
0.6nm). z seems t o  be determined by t h e  s h o r t e s t  d i s t a n c e  o f  h o l e s ,  
wh ich  a r e  s i m i l a r  f o r  b o t h  CR and THPM. I n  t h e  case o f  THPM, t h e  s h i f t  
o f  l i f e t i m e  d i s t r i b u t i o n  ( F i g . 4 )  may be e x p l a i n e d  by t h e  change i n  t h e  
s i z e  because o f  f i l l i n g  t h e  ho les  by water  molecu les .  F i g u r e  1 shows 
t h e  s m a l l  changes i n  I3 f o r  THPM b u t  2 ~ 3 %  decreases f o r  t h e  o t h e r s .  
These r e s u l t s  suggest  t h a t  water  molecu les  a t t a c h e d  a t  t h e  edge o f  
THPM h o l e s  do n o t  reduce t h e  number o f  ho les  f o r  Ps: o n l y  t h e  s i z e  o f  
h o l e  becomes s m a l l e r  b u t  t h e  h o l e  has s t i l l  enough s i z e  f o r  Ps. I n  t h e  
o t h e r  cases (CR, TMB, and BA), when water  molecu les  g e t  i n s i d e  t h e  
ho les ,  t h e  s i z e  i s  n o t  enough f o r  Ps, r e s u l t i n g  i n  t h e  r e d u c t i o n  o f  

I 3 '  
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