
CHAPTER I 

INTRODUCTION

F le x ib le  p o ly im id e  (P I) f ilm s  h a v e  b een  w id e ly  a p p lie d  in  so f t e lec tro n ic s  and  
m ic ro e le c tro n ic s  p ack ag es . I t is u se d  as  b ase  m a te ria ls  o f  f le x ib le  p rin ted  c ircu its  
(F P C ) a n d  o th e r  so f t e lec tro n ic s  b e c a u se  p o ly im id e  h a s  h ig h  th e rm a l an d  ch em ica l 
s tab ility , lo w  d ie le c tr ic  co n s tan t (S tru n sk u s  et ah , 1996; S te p h a n s  e t ah , 2 0 0 0 ) an d  it is 
ea sy  fo r  p la n a r iz a t io n  and  p a tte rn in g . T h e  ab ility  to  g e n e ra te  h ig h -re so lu tio n  m eta l 
p a tte rn s  o n  p o ly im id e  su rface  is in c re a s in g ly  req u ired  in  th e se  ap p lica tio n s , b eca u se  
o f  th e  m in ia tu r iz a tio n  o f  th e  la rg e -sc a le  in teg ra ted  (L S I) c irc u its  an d  p r in ted  c ircu it 
b o a rd s  (P C B s ) , w h ic h  is  e ssen tia l in  th e  d o w n siz in g  o f  e lec tro n ic  d ev ices. I t is 
ex p e c te d  th a t  f le x ib le  m icro  e lec tro  m e c h an ica l (M E M S ) a n d  se m ic o n d u c to r  dev ices , 
as  w e ll a s  f le x ib le  d isp lay s , c an  b e  fa b rica ted  on  f lex ib le  su b s tra te  f ilm s  fo r u se  in 
v a r io u s  a p p lic a tio n s . F o r su ch  f le x ib le  ap p lica tio n s , m e ta ls  su c h  as go ld , s ilver, 
co p p e r, n ic k e l , rh o d iu m  o r co b a lt a re  w id e ly  u sed  as p a tte rn s  o n  p o ly m e ric  su b stra te s  
in  p r in te d  c irc u its .

H o w e v e r , ad h es io n  b e tw e e n  p o ly im id e  and  m e ta l is  n o to rio u s ly  poor. M an y  
m e th o d s  h a v e  b e e n  d ev e lo p ed  to  in c rea se  ad h esio n  o f  p o ly im id e  su ch  as p la sm a  
tre a tm e n t (H e ilm a n n  an d  W ern e r 1998; H e ilm an n  e t ah , 19 9 9 ), la se r  irrad ia tio n  u se  o f  
io n  b e a m s , in v e rse  ch em ica l v a p o r  d ep o s itio n  and  su rfa c e  m o d ific a tio n  trea tm en t. 
M o s t o f  th e se  m e th o d s  req u ire  h ig h  v acu u m  eq u ip m en t, w h ile  th e  p ro d u c tiv ity  is 
o ften  lo w . T h e re fo re , th ey  are  n o t e c o n o m ica lly  feas ib le . T h e se  m e th o d s  m ay  also  
in tro d u c e  fo re ig n  m a te ria ls  an d  u n d e s ira b le  m o d ified  la y e rs  in to  th e  in te rfaces , 
re su ltin g  in  p o s s ib le  re liab ility  fa ilu re  (R am o s 2002). T h e  su ita b le  m e th o d  is su rface  
m o d if ic a tio n  b y  h y d ro ly s is  fro m  a lk a lin e  because  o f  th e  s im p lic ity  an d  lo w  co st 
(A cev ed o  a n d  H a rr is  1994). N e v e rth e le ss , th e  op tim al c o n d itio n s  fo r  th e  h y d ro ly s is  o f  
p o ly im id e  an d  th e  m o st e ffic ien t w ay  fo r m eta l p a tte rn in g  o n  a  se lec ted  a rea  o f  PI 
h av e  y e t to  b e  d e te rm in ed .



2

F a b r ic a tio n  o f  th e  m e ta llic  th in  f ilm s  an d /o r  p a tte rn s  o n  th e  p o ly im id e  su rface  
w as p re v io u s ly  a c h ie v e d  th ro u g h  ch em ica l re d u c tio n  u s in g  N a B H 4  a q u eo u s  so lu tion  
(C o o w ar e t a h , 2 0 0 8 ) , th e rm al tre a tm en t (พ น  e t ah , 2 0 0 5 ; S h im  e t a h , 2 0 0 8 ) and  
u ltrav io le t (U V ) in d u c e d  p h o to ch em ica l re d u c tio n  o f  th e  a d so rb e d  m e ta l io n s  using  
p re a d so rb e d  TiC> 2  n a n o c ry s ta ls  as a  p h o to c a ta ly s t. A lth o u g h  th e se  p ro c e sse s  a llo w  the  
su rface  o f  p o ly im id e  to  be  d irec tly  m e ta liz e d , p a tte rn ed  fo rm a tio n  o f  m e ta llic  th in  
f ilm s is o n ly  a c h ie v e d  th ro u g h  th e  u se  o f  p h o to  re s is t o r  c a ta ly s t, a n d  it is d iff icu lt to  
co n tro l th e  in te r fa c ia l s truc tu re  b e tw e e n  m e ta l th in  f ilm s  a n d  th e  u n d erly in g  
p o ly im id e . It h a s  b e e n  su g g ested  th a t d iffu s io n  o f  m e ta l io n s  d u rin g  th e  red u c tio n  
p ro cess  p la y s  a  k e y  ro le  in  d e te rm in in g  th e  m e ta l/p o ly im id e  in te rfa c ia l s truc tu res. 
(A k am atsu  e t a h , 2 0 0 3 ).

In  th is  r e se a rc h  m o d ific a tio n  o f  p o ly im id e  su rface  is  p re p a re d  b y  h y d ro ly s is  
reac tio n , o f  w h ic h  m o d ific a tio n  tim e , te m p e ra tu re  an d  c o n c e n tra tio n  o f  K O H  aqu eou s 
so lu tio n  a re  in v e s tig a te d  factors. T he  fo cu s  o f  th is  re se a rc h  is th e  d e te rm in a tio n  o f  
fac to rs  a f fe c tin g  th e  m o d ific a tio n  o f  p o ly im id e  su rface  fo r  th e  g ro w th  o f  u ltra fin e  
s ilv e r n a n o p a rtic le s  o n  p o ly im id e  su rfa c e  b y  3 U V  ir ra d ia tio n  p ro ced u re s  i.e. 
co n v en tio n a l ir ra d ia t io n , w a te r-a ss is ted  ir ra d ia tio n  an d  cy c le  irra d ia tio n , in  o rd e r to  
im p ro v e  a d h e s io n  p ro p e rtie s  (be tw een  s ilv e r  an d  p o ly im id e )  and  ch e m ic a l re sis tan ce  
(to  b ase  so lu tio n  d u r in g  th e  su b seq u en t e le c tro le ss  p la tin g  p ro cess) . T h e  sco p e  o f  th is  
s tu d y  in c lu d e s  th e  in v e s tig a tio n  o f  the  fo llo w in g  effects:

1. E ffe c ts  o f  m o d ify in g  tim e  ( 1 , 3  an d  5 m in ), m o d ify in g  te m p e ra tu re  (50 , 60  
and  70  °C ) in  su r fa c e  m o d ific a tio n  step.

2. Effects of time in impregnation of silver ion and irradiation time in UV 
irradiation step.

3. Effect of heat treatment.
4. Effects of amount of water for assisted ultraviolet irradiation.
5. Effect of immersion in KOH aqueous solution after irradiation (cycle 

irradiation).
6. Effect of reduction by NaBH4 .
7. Effect of copper electroless plating.
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This thesis is divided into five parts. The first three parts describe general 

information about the study, while the following two parts emphasize on the results 
and discussion from the present study. The introduction is presented in Chapter I. 
Chapter II consists o f background information, while the experimental systems and 
procedures used in this study are shown in Chapter III. The experimental results, 
including an expanded discussion, are given in Chapter IV. Finally, in the last chapter, 
the overall conclusion from the results and some recommendations for future work are 
presented.
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