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©  Process  and  apparatus  for  reflowing  solder  of  solder  plated  substrates  and  substrates  formed  thereby. 

(57)  A  process  and  machine  are  disclosed  for  reflowing  sol- 
der  plated  continuous  flexible  circuit  webs.  During  reflow  in 
a  vapour  environment,  the  flexible  web  is  maintained  in  a 
planar  orientation  to  produce  a  relatively  uniform  distribu- 
tion  of  solder.  Between  the  chamber  (130)  containing  the 
vapour  (142)  and  a  further  chamber  (131)  containing  a  liquid 
(140)  exists  a  liquid  vapour  interface  (137)  which  provides  a 
seal. 

Virtually  all  of  the  heat  transfer  fluid  used  in  producing 
the  vapour  is  recovered  and  retained. 
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A   process  and  machine  are  disclosed  for reflowing  sol- 
der  plated  continuous  flexible  circuit  webs.  During  reflow  in 
a  vapour  environment,  the  flexible  web  is  maintained  in  a 
planar  orientation  to  produce  a  relatively  uniform  distribu- 
tion  of  solder.  Between  the  chamber  (130)  containing  the 
vapour  (142)  and  a  further  chamber  (131)  containing  a  liquid 
(140)  exists  a  liquid  vapour  interface  (137)  which  provides  a 
seal. 

Virtually  all  of  the  heat  transfer  fluid  used  in  producing 
the  vapour  is  recovered  and  retained. 



P r o c e s s   and   A p p a r a t u s   f o r   r e f l o w i n g   S o l d e r   of   S o l d e r  

P l a t e d   S u b s t r a t e s   and   S u b s t r a t e s   f o r m e d   t h e r e b y .  

T h i s   i n v e n t i o n   r e l a t e s   t o   a  p r o c e s s   and   a p p a r a t u s  

f o r   r e f l o w i n g   s o l d e r   of   s o l d e r   p l a t e d   s u b s t r a t e s   and   t o  

s u b s t r a t e s   f o r m e d   t h e r e b y   and   r e l a t e s   e s p e c i a l l y   to   a  

p r o c e s s   and   a p p a r a t u s   f o r   r e f l o w i n g   s o l d e r   p l a t e d   f l e x i b l e  

c i r c u i t   s u b s t r a t e s   w i t h   n e g l i g i b l e   l o s s   of   h e a t   t r a n s f e r  

f l u i d .  

S e v e r a l   m e t h o d s   h a v e   b e e n   d i s c l o s e d   i n   t h e   p r i o r  

a r t   f o r   e f f e c t i n g   s o l d e r   r e f l o w   o p e r a t i o n s   on  p r i n t e d  

c i r c u i t s   t h r o u g h   t h e   u s e   of   h o t   s a t u r a t e d   v a p o r s .   One  s u c h  

m e t h o d   i s   b r i e f l y   d e s c r i b e d   i n   an  a r t i c l e   e n t i t l e d   " S o l v e n t  

V a p o r   S o l d e r   R e f l o w "   by  E. G.  D i n g m a n ,   a p p e a r i n g   i n   t h e   IBM 

T e c h n i c a l   D i s c l o s u r e   B u l l e t i n .   V o l .   13,   N o .  3 ,   A u g u s t   1 9 7 0 ,  

a t   p a g e   6 3 9 .   D i n g m a n   d i s c l o s e s   u s e   of   b o i l i n g   s o l v e n t s   t o  

r a p i d l y   a n d   s e l e c t i v e l y   a p p l y   h e a t   to   s m a l l   a r e a s   h a v i n g  

h i g h   t h e r m a l   c o n d u c t i v i t y   to   e n a b l e   s o l d e r   r e w o r k  

o p e r a t i o n s   w i t h   m a t e r i a l s   and   c o m p o n e n t s   t h a t   a r e   h e a t  

s e n s i t i v e .   I t   s e e m s   r e a d i l y   a p p a r e n t   t h a t   D i n g m a n   d o e s   n o t  

a d d r e s s   t h e   p r o b l e m s   of   h a n d l i n g   l a r g e   and   c o n t i n u o u s  

f l e x i b l e   c i r c u i t   webs   or   l o s s   of   t h e   b o i l i n g   s o l v e n t .  

One  m e t h o d   f o r   c o n t i n u o u s l y   h a n d l i n g   p r i n t e d  

c i r c u i t s   i s   d i s c l o s e d   i n   U.  S.  p a t e n t   3 , 8 6 6 , 3 0 7 .   In   t h i s  

m e t h o d   i n d i v i d u a l   c i r c u i t   b o a r d s   a r e   l o a d e d   o n t o   a  c o n v e y o r  

and   p a s s e d   t h r o u g h   a  r e c e p t a c l e   c o n t a i n i n g   h o t   s a t u r a t e d  

v a p o r s   o f   an  e x p e n s i v e   f l u i d   and   a  wave  s o l d e r i n g   f o n t .  

I n d i v i d u a l   c i r c u i t   b o a r d s   a r e   h e a t e d   by  t h e   v a p o r s   and   s k i m  



t h e   s o l d e r   wave  a t   a  low  p o i n t   of  t h e   c o n v e y o r   c a t e n a r y .   One  

p r o b l e m   r e s u l t i n g   f rom  t h e   a p p r o a c h   is  t h a t   s o l d e r   t e n d s   t o  

p o o l   a t   t h e   low  p o i n t   of  t h e   c a t e n a r y .   A n o t h e r   p r o b l e m   i s  

t h a t   d e s p i t e   a t t e m p t s   to  r e t a i n   t h e   e x p e n s i v e   f l u i d ,  

s u b s t a n t i a l   q u a n t i t i e s   a r e   d r a g g e d   o u t   of  t he   r e c e p t a c l e  

a l o n g   w i t h   t h e   c o n v e y o r   and  t h e   c i r c u i t   b o a r d s   t h e m s e l v e s .  

A n o t h e r   m e t h o d   d i s c l o s e d   in  U . S .   p a t e n t   3 , 9 0 4 , 1 0 2 ,  

a t t e m p t s   to  r e d u c e   l o s s   of  t h e   e x p e n s i v e   f l u i d   by  use   of  a 
l e s s   e x p e n s i v e   v a p o r   b l a n k e t   a t o p   t h e   p r i m a r y   v a p o r   z o n e .  

One  e m b o d i m e n t   of  t h i s   m e t h o d   u t i l i z e s   b a t c h   p r o c e s s i n g  

t e c h n i q u e s .   A  g r o u p   of  p r i n t e d   c i r c u i t s   is  l o w e r e d   i n t o   a  

r e c e p t a c l e   c o n t a i n i n g   t h e   p r i m a r y   v a p o r   zone   and  t h e  

s e c o n d a r y   v a p o r   b l a n k e t .   In  a n o t h e r   e m b o d i m e n t   a  c o n v e y o r  
c a r r i e s   t h e   i n d i v i d u a l   c i r c u i t s   i n t o   t h e   v a p o r   z o n e .  

H o w e v e r ,   in  b o t h   e m b o d i m e n t s   s i g n i f i c a n t   q u a n t i t i e s   of  t h e  

e x p e n s i v e   p r i m a r y   f l u i d   a r e   s t i l l   l o s t .   M o r e o v e r ,   t h e  

s e c o n d   e m b o d i m e n t   c o n t i n u e s   to  s u f f e r   f rom  s o l d e r   p o o l i n g  

e f f e c t s .   The  f i r s t   e m b o d i m e n t   o b v i o u s l y   is   n o t   r e a d i l y  

a d a p t a b l e   f o r   h a n d l i n g   c o n t i n u o u s   webs  of  p r i n t e d   c i r c u i t s .  

A  s o m e w h a t   r e l a t e d   a p p l i c a t i o n   of  t he   use   of  h o t  

v a p o r s   i s   d i s c l o s e d   in  U.  S.  p a t e n t   3 , 7 3 7 , 4 9 9 .   The  m e t h o d   i s  

u s e d   f o r   m o d i f y i n g   p l a s t i c   s u r f a c e s   on  a r t i c l e s   o f  

m a n u f a c t u r e .   An  i n d i v i d u a l   p l a s t i c   a r t i c l e   i s   i n s e r t e d   i n t o  

a  m u l t i c o m p a r t m e n t e d   c h a m b e r   c o n t a i n i n g   one  or  more  v a p o r  

r e g i o n s .   The  h e a t e d   v a p o r s   i m p i n g e   on  t h e   s u r f a c e s   of  t h e  

p l a s t i c   a r t i c l e s   and  d i s s o l v e   a t   l e a s t   a  m o l e c u l a r   l a y e r   t o  

r e m o v e   any  s u r f a c e   b l e m i s h e s   and  p r o d u c e   a  s m o o t h ,  

c o n t i n u o u s   f i n i s h .   L i k e   o t h e r   p r o c e d u r e s   m e n t i o n e d   a b o v e ,  

t h i s   a l s o   s u f f e r s   l o s s   of  t h e   v a p o r   m a t e r i a l   t h r o u g h   w e b  

d r a g o u t .  

P r o b l e m s   of  t h e   f o l l o w i n g   k i n d   a r e   a m e l i o r a t e d   b y  

t h e   i n v e n t i o n .   The  p r e s e n t   i n v e n t i o n   i m p l e m e n t s   s o l d e r  

r e f l o w   o p e r a t i o n s   on  a  c o n t i n u o u s ,   f l e x i b l e   c i r c u i t   w e b  

w i t h o u t   s o l d e r   p o o l i n g .   D i s t o r t i o n   of  t he   web  d i m e n s i o n s  

d u r i n g   s o l d e r   r e f l o w   o p e r a t i o n s   is  s u b s t a n t i a l l y   e l i m i n a t e d .  

The  p r e s e n t   i n v e n t i o n   s u b s t a n t i a l l y   r e d u c e s   t h e  

p o s s i b i l i t y   of  d i e l e c t r i c   d e t e r i o r a t i o n   c a u s e d   by  t h e   s o l d e r  

r e f l o w   p r o c e s s .  



S o l d e r   s l i v e r s   p r o d u c e d   d u r i n g   e t c h i n g   o p e r a t i o n s  

a r e   s u b s t a n t i a l l y   e l i m i n a t e d .  

The  p r e s e n t   i n v e n t i o n   r e v e a l s   d i s c o n t i n u i t i e s   in  t h e  

p r i n t e d   c i r c u i t   wh ich   may  have   been   b r i d g e d   by  s o l d e r   d u r i n g  

t he   s o l d e r   p l a t i n g   p r o c e s s .  
The  p r e s e n t   i n v e n t i o n   i n d i c a t e s   the   s o l d e r a b i l i t y   o f  

t h e   f l e x i b l e   c i r c u i t s ,  f a c i l i t a t e s   v i s u a l   i n s p e c t i o n   of  t h e  

f l e x i b l e   c i r c u i t s ,   and  i m p r o v e s   t he   a p p e a r a n c e   of  t h e  

f l e x i b l e   c i r c u i t s .  

The  i n v e n t i o n   can  s i g n i f i c a n t l y   r e d u c e ,   i f   n o t  

v i r t u a l l y   e l i m i n a t e ,   l o s s   of  t h e   e x p e n s i v e   w o r k i n g   f l u i d  

r e s u l t i n g   f rom  web  d r a g o u t ,   d i f f u s i o n   and  c o n v e c t i o n .  

The  i n v e n t i o n   is   r e a l i z e d   in  an  i l l u s t r a t i v e  

e m b o d i m e n t   of  a  p r o c e s s   and  m a c h i n e   f o r   p r o c e s s i n g   a 

r e f l o w a b l e   s o l d e r - p l a t e d   f l e x i b l e   c i r c u i t   web  w h e r e i n   t h e  

f l e x i b l e   c i r c u i t   web  is   i n t r o d u c e d   i n t o   a  f i r s t   c h a m b e r  

h a v i n g   a  v a p o r   d i f f u s i o n   t r a p   at   an  e n t r y   p o r t   and  a  l i q u i d  

s e a l   a t   an  e x i t   p o r t .   The  t e m p e r a t u r e   of  t he   f l e x i b l e  

c i r c u i t   web  is   c o n t r o l l e d   in  t h e   f i r s t   c h a m b e r   to  a  p o i n t  

b e l o w   t he   s o l d e r   e u t e c t i c   t e m p e r a t u r e .   M o r e o v e r ,   p r o v i s i o n  

i s   i n c l u d e d   in  t h e   f i r s t   c h a m b e r   f o r   p o s i t i o n i n g   t h e  

f l e x i b l e   c i r c u i t   web  in  a  p l a n a r   o r i e n t a t i o n   f o r   e n t r y   i n t o  

a  s e c o n d   c h a m b e r ,   c o n t a i n i n g   a  c o n d e n s i n g   v a p o r ,   a t   a  p o i n t  

b e l o w   t h e   v a p o r -   a i r   i n t e r f a c e .   T h i s   c o n d e n s i n g   v a p o r   i s  

c o n f i n e d   in  t h e   s e c o n d   c h a m b e r   by  t he   l i q u i d   s e a l .   U p o n  

e n t r y   i n t o   t h e   s e c o n d   c h a m b e r   t h e   f l e x i b l e   c i r c u i t   web  i s  

e x p o s e d   to  t h e   c o n d e n s i n g   v a p o r   f o r   a  t i m e   s u f f i c i e n t   t o  

m e l t   and  r e f l o w   t he   s o l d e r   w h i l e   m a i n t a i n i n g   on  t he   f l e x i b l e  

c i r c u i t   web  a  c o n d e n s a t e   f i l m   to  a i d   in  s u b s e q u e n t l y  

e v a p o r a t i v e l y   c o o l i n g   t h e   f l e x i b l e   c i r c u i t   web  b e l o w   t h e  

s o l d e r   e u t e c t i c   t e m p e r a t u r e .   R e s i d u a l   t r a c e s   of  c o n d e n s a t e  

on  t he   f l e x i b l e   c i r c u i t   web  a r e   r e c a p t u r e d   and  t h e r e a f t e r  

t h e   f l e x i b l e   c i r c u i t   web  is  r e m o v e d   t h r o u g h   an  e x i t   p o r t .  

A c c o r d i n g l y ,   i t   is  one  a s p e c t   of  t he   p r e s e n t  

i n v e n t i o n   t h a t   t h e   f l e x i b l e   c i r c u i t   web  u n d e r g o e s   a 

p r e h e a t i n g   o p e r a t i o n   d u r i n g   p a s s a g e   t h r o u g h   t h e   l i q u i d  

s e a l .  



A n o t h e r   a s p e c t   is  t h a t   t he   l i q u i d   s e a l   c o n f i n e s  

v a p o r s   of  t h e   e x p e n s i v e   w o r k i n g   f l u i d   i n t e r n a l   to  t h e  

m a c h i n e   and  k e e p s   t h e   s o l d e r   b e l o w   t he   e u t e c t i c   t e m p e r a t u r e  

p r i o r   to  e n t r y   i n t o   t h e   c o n d e n s i n g   v a p o r s .  
Yet   a n o t h e r   a s p e c t   of  t he   p r e s e n t   i n v e n t i o n   i s  

t h a t   t h e   f l e x i b l e   c i r c u i t   web  is  p o s i t i o n e d   a t   low  web  . 
t e n s i o n   in  a  p l a n a r   o r i e n t a t i o n   d u r i n g   p a s s a g e   t h r o u g h   t h e  

v a p o r   zone   t h e r e b y   v i r t u a l l y   e l i m i n a t i n g   s o l d e r   p o o l i n g   o n  
t h e   w e b .  

A n o t h e r   a s p e c t   is  t h a t   o x i d i z i n g   e n v i r o n m e n t s  

a r e   a v o i d e d   d u r i n g   s o l d e r   r e f l o w   o p e r a t i o n s .  

Ye t   a n o t h e r   a s p e c t   of  t h e   p r e s e n t   i n v e n t i o n   i s  

t h a t   f l u x   a p p l i c a t i o n   and  i t s   s u b s e q u e n t   r e m o v a l   a r e  

a v o i d e d .  

A  f u r t h e r   a s p e c t   is  t h a t   a  s u f f i c i e n t   v a p o r  
c o n d e n s a t e   f i l m   i s   r e t a i n e d   on  t h e   f l e x i b l e   c i r c u i t   w e b  

a f t e r   e x i t i n g   f r o m   t h e   v a p o r   zone   to  m a t e r i a l l y   a i d   i n  

e v a p o r a t i v e l y   c o o l i n g   t h e   r e f l o w e d   s o l d e r   b e l o w   i t s  

e u t e c t i c   t e m p e r a t u r e   b e f o r e   m e c h a n i c a l l y   c o n t a c t i n g  

s u r f a c e s   w h i c h   m i g h t   r e d i s t r i b u t e   t h e   r e f l o w e d   s o l d e r .  

S t i l l   a  f u r t h e r   a s p e c t   of  t h e   p r e s e n t   i n v e n t i o n  

i s   t h a t   t h e   l i q u i d   s e a l   a t   t h e   e n t r y   s i d e   of  t h e   v a p o r  
c h a m b e r   and  a  p l u r a l i t y  o f   r e h e a t   r o l l e r s   and  d i f f u s i o n  

t r a p s   a t   t h e   e x i t   s i d e   of  t he   v a p o r   c h a m b e r   p r e v e n t  

s i g n i f i c a n t   l o s s   of  t h e   e x p e n s i v e   w o r k i n g   f l u i d   t h r o u g h   w e b  

d r a g o u t .  

An  e v e n   f u r t h e r   a s p e c t   is   t h a t   t h e   p l u r a l i t y   o f  

r e h e a t   r o l l e r s   and  d i f f u s i o n   t r a p s   f a c i l i t a t e   r e c a p t u r e   a n d  

r e u s e   of  any  r e s i d u a l   t r a c e s   of  c o n d e n s a t e   on  t h e  

c o n t i n u o u s ,   f l e x i b l e   c i r c u i t   w e b .  

Ye t   a  f u r t h e r   a s p e c t   of  t h e   p r e s e n t   i n v e n t i o n   i s   - 
t h a t   t h e   m a c h i n e   can   be  a d v a n t a g e o u s l y   e l e v a t e d   on  i t s  

o u t p u t   s i d e   b e t w e e n   an  a n g l e   of  1 0  t o   30  d e g r e e s   to  a c h i e v e  

a  r a n g e   of  p l a n a r   o r i e n t a t i o n s   of  t h e   web  w i t h   r e s p e c t   t o  

h o r i z o n t a l ,   to  f a c i l i t a t e   r e t u r n   of  t h e  r e c a p t u r e d   w o r k i n g  

f l u i d   to  i t s   r e s e r v o i r ,   and  to  c o n t r o l   t h e   a m o u n t   of  s o l d e r  

s l u m p .   S p e c i f i c a l l y ,   t he   m a c h i n e   p a r a m e t e r s ,   i n c l u d i n g  



s l o p e ,   may  be  a d j u s t e d   a d v a n t a g e o u s l y   to  p r o c e s s   a  w i d e  

v a r i e t y   of  f l e x i b l e   c i r c u i t s   o v e r   a  wide   r a n g e   o f  

t h r o u g h p u t   s p e e d s .  

B r i e f   D e s c r i p t i o n   of  t h e   D r a w i n g s  

The  a f o r e m e n t i o n e d   a s p e c t s   of  t he   i n v e n t i o n   as  w e l l  

as  o t h e r s   w i l l   be  b e t t e r   u n d e r s t o o d   upon  c o n s i d e r a t i o n   o f  

t h e   f o l l o w i n g   d e t a i l e d   d e s c r i p t i o n   and  a p p e n d e d   c l a i m s ,  

t a k e n   in  c o n j u n c t i o n   w i t h   t h e   a t t a c h e d   d r a w i n g s   of  a n  

i l l u s t r a t i v e   e m b o d i m e n t   in  w h i c h :  

FIG.   1  i l l u s t r a t e s   a  f l e x i b l e   c i r c u i t   web  h a v i n g  

a  n u m b e r   of  e l e c t r i c a l l y   c o n d u c t i v e   p a t t e r n s   t h e r e o n   a n d  

p l a t e d * t h r o u g h   h o l e s   t h e r e t h r o u g h ;  

FIG.   2A  is   a  s i m p l i f i e d   e m b o d i m e n t   i l l u s t r a t i n g  

t h e   s o l d e r   r e f l o w   p r o c e s s ;  
FIG.  2B  d e f i n e s   t he   s h a d i n g   code   u s e d   in  FIG.   2A 

and  a l l   s i m i l a r l y   s h a d e d   F I G S . ;  

FIG.   3  i s   an  a l t e r n a t e   s i m p l i f i e d   e m b o d i m e n t  

i l l u s t r a t i n g   t h e   s o l d e r   r e f l o w   p r o c e s s ;   '  

FIG.  4  is   a  s i m p l i f i e d   p e r s p e c t i v e   v i ew   of  a  

s o l d e r   r e f l o w   m a c h i n e   u s e d   in  p r a c t i c i n g   t h e   p r o c e s s ,   i n  

p a r t i c u l a r ,   i l l u s t r a t i n g   t he   s l o p e   a d j u s t a b i l i t y   f e a t u r e  

and  t h e   t h r e a d i n g   a i d   f e a t u r e ;  

FIG.   5A  is   a  s e c t i o n a l   v iew  a l o n g   l i n e   5A-5A  o f  

F IG.   4  i l l u s t r a t i n g   t h e   v a r i o u s   c h a m b e r s   and  r o l l e r s  

u t i l i z e d   in  t h e   s o l d e r   r e f l o w   m a c h i n e   t o   p r a c t i c e   t h e  

p r o c e s s ;  

FIG.   5B  is   a  s e c t i o n a l   v i ew  a l o n g   l i n e   5B-5B  o f  

F IG.   5A  i l l u s t r a t i n g   t he   d o g h o u s e - l i k e   c o o l i n g   a r r a n g e m e n t ;  

FIG.   6A  i l l u s t r a t e s   t h e   main   c o n d e n s e r  

a d j u s t a b i l i t y ,   s l o p e   a d j u s t m e n t ,   and  web  t e n s i o n   c o n t r o l  

and  d r i v e   s y s t e m   f e a t u r e s ;  

F IGS.   6B  and  6C  a r e   p a r t i a l   c u t a w a y   v i e w s   f u r t h e r  

s h o w i n g   c o n d e n s e r   a d j u s t a b i l i t y ;  

FIG.   7  i s   a  p a r t i a l   c u t a w a y   v i ew   i l l u s t r a t i n g  

w i p e r   a r r a n g e m e n t s   u s e d   a t   b o t h   t he   e n t r y   and  e x i t   p o r t s   o f  

t h e   m a c h i n e   to  f u r t h e r   a i d   in  r e c a p t u r e   of  t he   w o r k i n g  

f l u i d ;   a n d  



FIG.   8  i s   a  s i l i c o n - : c o n t r o l l e d   r e c t i f i e r   c i r c u i t  

f o r   m a i n t a i n i n g   u n i f o r m   h e a t i n g   t e m p e r a t u r e s   and  f o r  

m i n i m i z i n g   t h e   t e m p e r a t u r e   of  t h e   h e a t i n g   e l e m e n t s   t o  

t h e r e b y   i n c r e a s e   t he   l i f e t i m e   of  t he   w o r k i n g   f l u i d .  

D e t a i l e d   D e s c r i p t i o n  

A  f l e x i b l e   c i r c u i t   web  100 ,   as  shown  in  FIG.   1 ,  

i s   c o m p r i s e d   of  a  d i e l e c t r i c   s u b s t r a t e   101  o n t o   w h i c h   i s  

b o n d e d   a  p a t t e r n e d   c o n d u c t i v e   f o i l   102 .   The  p a t t e r n e d  

c o n d u c t i v e   f o i l   102  is   u t i l i z e d   to  e f f e c t   e l e c t r i c a l  

c i r c u i t   c o n n e c t i o n s   among  a  p l u r a l i t y   of  e l e c t r i c   c i r c u i t  

c o m p o n e n t s   ( n o t   s h o w n ) .   C o n d u c t i v e   f o i l  1 0 2   can   b e  

a d v a n t a g e o u s l y   b o n d e d   on  one  or  b o t h   s i d e s   of  f l e x i b l e  

c i r c u i t   web  1 0 0 .   On  d o u b l e • ↑ s i d e d   c i r c u i t s ,   t h e   p a t t e r n s   o f  

c o n d u c t i v e   f o i l   102  a r e   g e n e r a l l y   i n t e r c o n n e c t e d ,   f o r  

e x a m p l e ,   by  one  or  more  p l a t e d - t h r o u g h   h o l e s   1 0 3 .  

In  m a n u f a c t u r i n g   f l e x i b l e   p r i n t e d   c i r c u i t s ,   a  

s o l d e r   c o a t i n g   104  i s   p l a c e d   a t o p   c o n d u c t i v e   f o i l   102  f o r  

s e v e r a l   r e a s o n s .   F i r s t ,   in  n u m e r o u s   a p p l i c a t i o n s ,   s o l d e r  

c o a t i n g   104  i s   u s e d  a s   an  e t c h   r e s i s t .   In  t h e   e t c h   r e s i s t  

a p p l i c a t i o n   of  s o l d e r   c o a t i n g   104 ,   o f t e n t i m e s   u n d e r e t c h i n g  

o c c u r s   n e a r   t h e   e d g e s   of  c o n d u c t i v e   f o i l   102 .   T h i s   l e a v e s  

a  s o l d e r   l i p   p r o j e c t i n g   o u t w a r d l y   f rom  c o n d u c t i v e   f o i l   1 0 2 .  

Such   l i p s   a r e   s u s c e p t i b l e   to  f r a c t u r e   and  t h e   f o r m a t i o n   o f  

s l i v e r s   d u r i n g   h a n d l i n g   or  s u b s e q u e n t   p r o c e s s i n g .   T h e s e  

s l i v e r s   of  s o l d e r   can   c a u s e   s h o r t s   b e t w e e n   e l e c t r i c a l  

c i r c u i t s ,   t h e r e b y   c a u s i n g   c i r c u i t   f a i l u r e .   S e c o n d ,   s o l d e r  

c o a t i n g   104  i n h i b i t s   o x i d a t i o n   and  c o r r o s i o n   of  c o n d u c t i v e  

f o i l   102  to  r e d u c e   t h e   p o s s i b i l i t y   of  c i r c u i t   f a i l u r e  

t h r o u g h   t h e s e   m e c h a n i s m s .   T h i r d ,   s o l d e r   c o a t i n g   1 0 4  

e n h a n c e s   s o l d e r   w e t t i n g   of  t h e   c i r c u i t   d u r i n g   s u b s e q u e n t  

s o l d e r   a s s e m b l y   o p e r a t i o n s .  

I m p l e m e n t a t i o n   of  r e f l o w   s o l d e r i n g ,   by  v i r t u e   o f  

t h e   s u r f a c e   t e n s i o n   c h a r a c t e r i s t i c s   of  s o l d e r ,   c a u s e s   t h e s e  

s o l d e r   l i p s ,   when  m o l t e n ,   to  d raw  up  o n t o   c o n d u c t i v e  

f o i l   102 .   A  f u r t h e r   a d v a n t a g e   of  r e f l o w   s o l d e r i n g   i s   t h a t  

on  d o u b l e - s i d e d   c i r c u i t s ,   s o l d e r   s o m e t i m e s   b r i d g e s   g a p s   i n  

c o n d u c t i v e   f o i l   102 .   T h e s e   s o l d e r   b r i d g e s   may  d i s g u i s e  



d e f e c t s   in  t h e   c i r c u i t   w h i c h   m i g h t   l e a d   to  s u b s e q u e n t  

f a i l u r e .   S o l d e r   r e f l o w   e l i m i n a t e s   t h e s e   b r i d g e s   a n d  

e x p o s e s   p o s s i b l e   c i r c u i t   d e f e c t s .  

S o l d e r   r e f l o w   a l s o   p r o v i d e s   a  means   f o r  

p e r c e i v i n g   s o l d e r   w e t a b i l i t y ,   and  c o n s e q u e n t l y   p r o v i d e s   a 

m e a s u r e   of  a c c e p t a b i l i t y   f o r   f u r t h e r   p r o c e s s i n g .   An 

a d d i t i o n a l   a d v a n t a g e   of  s o l d e r   r e f l o w   is   t h a t   i t   a i d s   i n  

i m p r o v i n g   t h e   c o s m e t i c   a p p e a r a n c e   of  t he   c i r c u i t ,   t h e r e b y  

e n h a n c i n g   c u s t o m e r   a c c e p t a b i l i t y .  

I l l u s t r a t e d   in  FIG.   2A  is   a  s i m p l i f i e d   e m b o d i m e n t  

of  a  s o l d e r   r e f l o w   m a c h i n e   1 1 0 .   T h i s   s i m p l i f i e d   v e r s i o n  

f a c i l i t a t e s   an  u n d e r s t a n d i n g   of  t h e   d e t a i l s   of  t h e   s o l d e r  

r e f l o w   p r o c e s s .   The  s o l d e r   r e f l o w   m a c h i n e   110  i s   c o m p r i s e d  

of   an  e n c l o s u r e   120  h a v i n g   a  t op   1 2 1 ,   a  b o t t o m   122 ,   and  a  

p a i r   of  s i d e w a l l s   123  and  124 .   The  r e m a i n i n g   two  s i d e w a l l s  

a r e   n o t   shown  in  o r d e r   to   f a c i l i t a t e   t h i s   d e s c r i p t i o n .   A 

b a f f l e   125  e x t e n d s   u p w a r d l y   f rom  an  i n t e r m e d i a t e   p o i n t   o f  

b o t t o m   122  to  a  p o i n t   s p a c e d   a p a r t   f rom  t op   121 .   A n o t h e r  

b a f f l e   126  e x t e n d s   d o w n w a r d l y   f rom  an  i n t e r m e d i a t e   p o i n t   o f  

t o p   121  to  a  p o i n t   s p a c e d   a p a r t   f rom  b o t t o m   1 2 2 .  

B a f f l e s   125  and  126  s e p a r a t e   e n c l o s u r e   120  i n t o   f o u r  

d e f i n a b l e   c o m p a r t m e n t s .   T h e s e   c o m p a r t m e n t s   a r e   h e r e i n a f t e r  

r e f e r r e d   t o ,   in  t h e   c o u r s e   of  t h i s   c o n c e p t u a l   d e s c r i p t i o n ,  

as  f i r s t   and  s e c o n d   s u m p s ,   127  and  128 ,   and  f i r s t   a n d  

s e c o n d   c h a m b e r s ,   130  and  131 .   C h a m b e r   130  s p a n s   sump  1 2 7  

and  a  p o r t i o n   of  sump  128 .   C h a m b e r   131  s p a n s   t h e   r e m a i n d e r  

of   sump  1 2 8 .   Each   of  c h a m b e r s   130  and  131  has   a  p o r t   1 3 2  

and  133 ,   r e s p e c t i v e l y ,   a s s o c i a t e d   t h e r e w i t h   n e a r   t op   1 2 1 .  

S e t   a p a r t   f rom  b o t t o m   122  in  sump  128  i s   p o s i t i o n i n g  

r o l l e r   1 2 9 .  

A  s i n g l e   n o n c o r r o s i v e   w o r k i n g   f l u i d   140  h a v i n g   a  

b o i l i n g   p o i n t   a t   a t m o s p h e r i c   p r e s s u r e   s u f f i c i e n t l y   i n  

e x c e s s   of  t h e   l i q u i d u s   t e m p e r a t u r e   of  t h e   s o l d e r   to  b e  

r e f l o w e d   is   c o n t a i n e d   in  sumps   127  and  128  w h i c h ,   as  n o t e d  

p r e v i o u s l y ,   a r e   s e p a r a t e d   f rom  one  a n o t h e r   by  b a f f l e   1 2 5 .  

B a f f l e   125  i s   of  s u f f i c i e n t   h e i g h t   to  keep   t h e   w o r k i n g  

f l u i d   140  c o n t a i n e d   in  sumps   127  and  128  g e n e r a l l y  



s e p a r a t e d .   H o w e v e n .   b a f f l e   125  is   no t   so  h i g h   t h a t  a  

p o r t i o n   of  w o r k i n g   f l u i d   140  in  sump  128  c a n n o t   s p i l l   o v e r  

i n t o   sump  127 .   H e a t i n g   e l e m e n t s   141  l o c a t e d   in  sump  1 2 7  

b o i l   w o r k i n g   f l u i d   140  to  p r o d u c e   a  v a p o r   more   d e n s e   t h a n  

a i r .   The  r e s u l t i n g   v a p o r   f o r m s   a  v a p o r   zone   142  w h i c h  

p a r t i a l l y   f i l l s   c h a m b e r   130 .   The  h e i g h t   of  v a p o r   z o n e   1 4 2  

i s   c o n t r o l l e d   in  c h a m b e r   130  by  a  p l u r a l i t y   of  c o n d e n s e r  

e l e m e n t s   143  and  144  a l o n g   s i d e w a l l   123  and  b a f f l e   1 2 6 ,  

r e s p e c t i v e l y .  

As  i l l u s t r a t e d   in  FIG.   2A,  f l e x i b l e   c i r c u i t  

web  100  p a s s e s   o v e r   f e e d   r o l l e r   150 ,   e n t e r s   p o r t   133  i n  

c h a m b e r   1 3 1 ,   p a s s e s   i n t o   w o r k i n g   f l u i d   1 4 0 ,   and  i s   r o u t e d  

a b o u t   r o l l e r   1 2 9 .   The  t e m p e r a t u r e   of  w o r k i n g   f l u i d   140  i n  

sump  128  i s   m a i n t a i n e d   b e l o w   t h e   s o l d e r   e u t e c t i c  

t e m p e r a t u r e   of  s o l d e r   c o a t i n g   104  on  web  100  by  t e m p e r a t u r e  

c o n t r o l   e l e m e n t   1 3 8 .   H o w e v e r ,   t h e   t e m p e r a t u r e   i s   h i g h  

e n o u g h   to  p e r f o r m   some  p r e h e a t i n g   of  web  1 0 0 .  

A f t e r   p a s s a g e   a r o u n d   r o l l e r   1 2 9 ,   web  100  w i t h  

s o l d e r   c o a t i n g   104  t h e r e o n   p a s s e s   i n t o   v a p o r   zone   1 4 2 .   T h e  

h e a t e d   v a p o r s   in  v a p o r   zone   142  c o n d e n s e   o n t o   t h e  

r e l a t i v e l y   c o o l   web,   t h e r e b y   e f f e c t i v e l y   h e a t i n g   web  100  t o  

a  t e m p e r a t u r e   a b o v e   t h e   s o l d e r   l i q u i d u s   t e m p e r a t u r e ,  

m e l t i n g   s o l d e r   c o a t i n g   104  and  c a u s i n g   i t   to   r e f l o w .  

D u r i n g   r e f l o w ,   web  100  i s   moved  in  a  p l a n a r   o r i e n t a t i o n   a t  

a  s e l e c t a b l e   a n g l e   w i t h   r e s p e c t   to   a  h o r i z o n t a l   p l a n e .  

T h i s   o r i e n t a t i o n   e n s u r e s   t h a t   s o l d e r   c o a t i n g   1 0 4 ,   a f t e r  

r e f l o w ,   i s   m a i n t a i n e d   a t   a  g e n e r a l l y   u n i f o r m   t h i c k n e s s  

w h i l e   in  i t s   m o l t e n   s t a t e .  

F o l l o w i n g   p a s s a g e   t h r o u g h   v a p o r   z o n e   1 4 2 ,  

f l e x i b l e   c i r c u i t   web  100  p a s s e s   t h r o u g h   c o o l i n g  

e l e m e n t   1 3 9 ,   d i f f u s i o n   t r a p   1 3 4 ,   and  o u t   t h r o u g h   p o r t   1 3 2  

in  f i r s t   c h a m b e r   130  w h e r e   i t   p a s s e s   o v e r   a  c o o l e d  

d i s c h a r g e   r o l l e r   151  to   a  t a k e - u p   r e e l   ( n o t   s h o w n ) .   T h e  

c o o l i n g   of  d i s c h a r g e   r o l l e r   151  is   a c c o m p l i s h e d   in  a  w e l l ?  

known  m a n n e r   a n d ,   h e n c e ,   t h e   d e t a i l s   of  s u c h   c o o l i n g   a r e  

no t   s p e c i f i c a l l y   i l l u s t r a t e d .   To  p r e v e n t   s o l d e r   s m e a r i n g ,  

same  form  of  c o o l i n g   is   d e s i r a b l e   p r i o r   to   web  100  b e i n g  



b r o u g h t   i n t o   c o n t a c t   w i t h   d i s c h a r g e   r o l l e r   151 .   In  t h i s  

e m b o d i m e n t ,   a f t e r   p a s s a g e   t h r o u g h   v a p o r   zone   142  s u f f i c i e n t  

q u a n t i t i e s   of  v a p o r   c o n d e n s a t e   a r e   r e t a i n e d   on  web  100  s u c h  

t h a t   d u r i n g   t he   r e m a i n d e r   of  t he   t i m e   web  100  is  c o n t a i n e d  

w i t h i n   c h a m b e r   130  t he   c o n d e n s a t e   f i l m   e v a p o r a t i v e l y   c o o l s  

t h e   r e f l o w e d   s o l d e r   b e l o w   i t s   e u t e c t i c   t e m p e r a t u r e .  

E s c a p e   of  any  v a p o r s   of  w o r k i n g   f l u i d   140  t h r o u g h  

p o r t s   132  and  133  is   e s s e n t i a l l y   p r e v e n t e d   by  v a p o r  
d i f f u s i o n   t r a p s   134  and  135  p o s i t i o n e d   n e a r   p o r t s   132  a n d  

1 3 3 ,   r e s p e c t i v e l y .   D i f f u s i o n   t r a p s   134  and  135  a r e   s h o w n  

as  s i m p l i f i e d   s t r u c t u r e s   in  FIGS.   2A  and  3  so  as  n o t   t o  

o v e r c o m p l i c a t e   t h e   d e s c r i p t i o n   a t   t h i s   p o i n t .   A  m o r e  

s p e c i f i c   s t r u c t u r e   of  d i f f u s i o n   t r a p s   134  and  135  w i l l   b e  

d e s c r i b e d   in  r e f e r e n c e   to  FIG.   5 A .  

In  t h e   a l t e r n a t e   e m b o d i m e n t   shown  in  FIG.   3 ,  

f l e x i b l e   c i r c u i t   web  100  i s   fed   o v e r   r o l l e r   150  t h r o u g h  

p o r t   132  in  s i d e w a l l   123  and  t h r o u g h   d i f f u s i o n   t r a p   1 3 4  

i n t o   c h a m b e r   130 .   Upon  e n t r y   of  web  100  i n t o   c h a m b e r   1 3 0 ,  

i t   i s   e x p o s e d   to  v a p o r   zone   142 .   The  ho t   v a p o r s   m e l t  

s o l d e r   c o a t i n g   104  on  web  100 ,   c a u s i n g   t h e   s o l d e r   t o  

r e f l o w .   F o l l o w i n g   p a s s a g e   t h r o u g h   v a p o r   zone   1 4 2 ,   web  1 0 0  

p a s s e s   t h r o u g h   l i q u i d   s e a l   137  a t   e x i t   p o r t   136  s e p a r a t i n g  

c h a m b e r   130  f rom  sump  128 .   Once  in  sump  128 ,   web  100  i s  

f u r t h e r   c o o l e d   by  p a s s a g e   t h r o u g h   c o o l i n g   e l e m e n t s   1 4 5 .  

To  i n s u r e   t h a t   web  100  i s   m a i n t a i n e d   in  a  p l a n a r  

o r i e n t a t i o n   d u r i n g   i t s   p a s s a g e   t h r o u g h   v a p o r   zone   1 4 2 ,  

p o s i t i o n i n g   r o l l e r   129  in  sump  128  i s   u s e d   in  c o n j u n c t i o n  

w i t h   r o l l e r   150  to  c o n t r o l   t he   o r i e n t a t i o n   of  web  1 0 0  

d u r i n g   t h i s   p h a s e   of  t h e   p r o c e s s .   I t   s h o u l d   be  n o t e d   t h a t  

in  t h e   e m b o d i m e n t   i l l u s t r a t e d   in  FIG.   2A  s i m i l a r  

p o s i t i o n i n g   e f f e c t s   a r e   a c h i e v e d   w i t h   c o m p a r a b l e  

r o l l e r   1 5 1 .  

A d d i t i o n a l   c o o l i n g   is   p r o v i d e d   f o l l o w i n g   p a s s a g e  
of  web  100  a r o u n d   r o l l e r   129 ,   so  t h a t   upon  e m e r g i n g   f r o m  

sump  128 ,   s o l d e r   c o a t i n g   104  on  web  100  is   w e l l   b e l o w   i t s  

e u c t e t i c   t e m p e r a t u r e .   At  t h i s   p o i n t ,   web  100  i s   w i t h d r a w n  

f r o m   c h a m b e r   131  t h r o u g h   d i f f u s i o n   t r a p   135  and  o u t   t h r o u g h  



p o r t   133  w h e r e   i t   p a s s e s   o v e r   r o l l e r   151  and  i s   t a k e n   up  b y  

a  t a k e - u p   r e e l   ( n o t   s h o w n ) .  

R e g a r d l e s s   of  w h i c h   e m b o d i m e n t   is   u s e d ,   t h e s e  

e m b o d i m e n t s   b e i n g   shown  in  F IGS.   2A  and  3,  one  s i g n i f i c a n t  
f e a t u r e   is   t h a t   d u r i n g   p a s s a g e   of  web  100  t h r o u g h   v a p o r  
zone   142 ,   web  100  i s   m a i n t a i n e d   in  a  p l a n a r   o r i e n t a t i o n .  

T h i s   o r i e n t a t i o n   i n s u r e s   a  r e l a t i v e l y   u n i f o r m   t h i c k n e s s   o f  

t h e   l a y e r   of  s o l d e r   c o a t i n g   104  on  web  100  f o l l o w i n g   t h e  

r e f l o w   p r o c e s s .   A n o t h e r   f e a t u r e   is   t h a t   t h e   u se   of  l i q u i d  
s e a l   137  b e t w e e n   sumps   127  and  128  s i g n i f i c a n t l y   a i d s   i n  

p r e v e n t i n g   t h e   l o s s   of  v a p o r s   of  w o r k i n g   f l u i d   1 4 0 .  

D i f f u s i o n   t r a p s   134  and  135  a t   e n t r y   and  e x i t   p o r t s   1 3 2  

and  133  f u r t h e r   a i d   in  r e d u c i n g   t he   a m o u n t   of  l o s s   o f  

w o r k i n g   f l u i d   1 4 0 .  

The  p r e f e r r e d   e m b o d i m e n t   f o r   m a c h i n e   110  u s e d   i n  

i m p l e m e n t i n g   t h e   s o l d e r   r e f l o w   p r o c e s s   i s   shown  in  F IG.   4 

in  o u t l i n e   f o r m .   S p e c i f i c a l l y   i l l u s t r a t e d   i s   a p p a r a t u s   o n  
m a c h i n e   110  f o r   a i d i n g   in  t h e   t h r e a d i n g   of  f l e x i b l e   c i r c u i t  

web  100  t h r o u g h   t h e   v a r i o u s   c h a m b e r s   in  t h e   m a c h i n e .   A l s o  

s p e c i f i c a l l y   shown  is   a p p a r a t u s   w h i c h   f a c i l i t a t e s   e l e v a t i o n  

of  one  end  of  m a c h i n e   110  w i t h   r e s p e c t   to  an  o p p o s i t e   e n d  

t h e r e o f   w h i c h   a p p a r a t u s   c o n t r o l s   t h e   a n g l e   b e t w e e n   a  p l a n e  

c o n t a i n i n g   web  100  and  a  h o r i z o n t a l   p l a n e .  

To  a i d   in  t h r e a d i n g   f l e x i b l e   c i r c u i t   web  1 0 0  

t h r o u g h   t he   v a r i o u s   c h a m b e r s   in  m a c h i n e   1 1 0 ,   t h e r e   a r e  
a f f i x e d   to  s i d e w a l l   123  a  p a i r   of  p u l l e y s   154  and  1 5 5 .  

I d l e r   p u l l e y s   156  and  157  a t   t he   end  of  r o l l e r   150  a n d  

p u l l e y s   160  and  161  a t   t h e   end  of  r o l l e r   1 5 1 ,   a r e   a f f i x e d  

to   t o p   1 2 1 .   A d d i t i o n a l   i d l e r   p u l l e y s   158  and  159  a r e  
a f f i x e d   to  s i d e w a l l   124 .   S i m i l a r   i d l e r   p u l l e y s   ( n o t   s h o w n )  

a r e   a f f i x e d   to  t h e   e n d s   of  r o l l e r s   1 2 9 ,   1 6 7 ,   1 6 8 ,   and  1 6 9  

i n t e r n a l   to  m a c h i n e   1 1 0 .  

L o o p e d   a r o u n d   p u l l e y s   1 5 4 ,   1 5 6 ,   1 5 8 ,   and  160  is  a  

c o n t i n u o u s ,   f l e x i b l e   t r a n s p o r t   member  1 6 2 ,   and  l o o p e d  

a r o u n d   p u l l e y s   155 ,   1 5 7 ,   1 5 9 ,   and  161  i s   a  s i m i l a r  

t r a n s p o r t   member   1 6 3 .   T r a n s p o r t   member s   162  and  163  may  b e  

a d v a n t a g e o u s l y ,   f o r   e x a m p l e ,   c o n t i n u o u s   c a b l e s ,   c h a i n s   o r  



t he   l i k e .  

In  o r d e r   to  d r i v e   t r a n s p o r t   member s   162  and  1 6 3  

t h e r e   is  c o u p l e d   to  p u l l e y s   154  and  155  a  s h a f t   149  w h i c h  

h a s   a f f i x e d   t h e r e o n ,   at   an  i n t e r m e d i a t e   p o i n t   a l o n g   i t s  

l e n g t h ,   a  d r i v e   p u l l e y   147 .   Moto r   146 ,   m o u n t e d   o n  

s i d e w a l l   123 ,   is  c o u p l e d   to  d r i v e   p u l l e y   147  by  d r i v e  

b e l t   148 .   When  m o t o r   146  is  a c t u a t e d ,   s h a f t   149  r o t a t e s ,  

and  t h i s   r o t a t i o n   f o r c e s   t r a n s p o r t   members   162  and  163  t o  

t h r e a d a b l y   t r a v e r s e   t h e   v a r i o u s   c h a m b e r s   in  m a c h i n e   1 1 0 .  

C o u p l e d   to  t r a n s p o r t   member s   162  and  163  i s  

ba r   165 .   Bar  1 6 5 ,   when  f a s t e n e d   to  t r a n s p o r t   m e m b e r s   1 6 2  

and  163 ,   e n a b l e s   f l e x i b l e   c i r c u i t   web  100  to  be  l o o p e d  

t h e r e a r o u n d   and  f a s t e n e d   o n t o   i t s e l f .   Upon  a c t u a t i o n   o f  

m o t o r   146 ,   web  100  i s   c a r r i e d   v i a   t r a n s p o r t   m e m b e r s   1 6 2  

and  163  and  ba r   165  t h r o u g h   m a c h i n e   110 .   Once  f l e x i b l e  

c i r c u i t   web  100  i s   t h r e a d a b l y   i n s e r t e d   t h r o u g h   t h e   v a r i o u s  

c h a m b e r s   in  m a c h i n e   1 1 0 ,   m o t o r   146  is   s t o p p e d   and  b a r   1 6 5  

can  be  r e m o v e d   f rom  t r a n s p o r t   member s   162  and  1 6 3 .  

T h e r e a f t e r ,   f l e x i b l e   c i r c u i t   web  100  can   be  b r o u g h t   i n t o  

e n g a g e m e n t   w i t h   a  t a k e - u p   r e e l   ( n o t   s h o w n ) .   Once  web  1 0 0  

i s   t h r e a d a b l y   i n s e r t e d   i n t o   m a c h i n e   110 ,   t h e   s o l d e r   r e f l o w  

p r o c e s s   b e c o m e s   c o n t i n u o u s   m e r e l y   by  f a s t e n i n g   one  f l e x i b l e  

c i r c u i t   web  100  to  a n o t h e r   by  means   s u c h   as  s t a p l i n g   t h e  

two  webs  t o g e t h e r .  

To  f a c i l i t a t e   e l e v a t i o n   of  one  end  o f  

m a c h i n e   110 ,   f o r   a  p u r p o s e   to  become  a p p a r e n t   s u b s e q u e n t l y ,  

m a c h i n e   110  has   b o t t o m   edge   192  a f f i x e d   to  f r a m e   170  b y  

p i v o t   171 .   E l e v a t i o n   s t r u t   172 ,   p i v o t a l l y   m o u n t e d   t o  

o p p o s i t e   b o t t o m   edge   191  of  m a c h i n e   110 ,   p e r m i t s   r a i s i n g  

edge   191  r e l a t i v e   to  edge   192 .   A d j u s t m e n t   of  t h e   s l o p e  

b e t w e e n   an  a n g l e   of  10  to  30  d e g r e e s   is   r e a d i l y   i m p l e m e n t e d  

by  c h a n g i n g   t h e   a t t a c h m e n t   p o s i t i o n   of  s t r u t   172  t o  

f r a m e   170  a l o n g   a  p l u r a l i t y   of  a p e r t u r e s   1 7 3 .   Once  t h e  

a p p r o p r i a t e   e l e v a t i o n   i s   s e l e c t e d ,   s t r u t   172  i s   h e l d  

j u x t a p o s e d   t he   a p p r o p r i a t e   a p e r t u r e   173  by  a  h o l d i n g   p i n  

( n o t   s h o w n ) .  

The  p r e f e r r e d   e m b o d i m e n t   of  m a c h i n e   110  i s   s h o w n  



in  c r o s s   s e c t i o n a l   v i ew   in  FIG.   5A.  F l e x i b l e   c i r c u i t  

web  100  e n t e r s   m a c h i n e   110  by  d o w n w a r d l y   d e f l e c t i n g   w i p e r  

a s s e m b l y   177  a t   e n t r y   p o r t   1 3 3 .   W i p e r   a s s e m b l y   1 7 7 ,  

s i m i l a r   to  t h a t   shown  in  FIG.   7,  a l o n g   w i t h   b a f f l e s   1 8 0  

and  181  and  t he   c l o s e   s p a c i n g   a l o n g   d i f f u s i o n   t r a p   1 3 5 ,  

v i r t u a l l y   p r e v e n t   e s c a p e   of  any  w o r k i n g   f l u i d   140  f r o m  

m a c h i n e   110  a t   t h e   p o i n t   of  e n t r y   of  f l e x i b l e   c i r c u i t  

web  1 0 0 .   F o l l o w i n g   p a s s a g e   t h r o u g h   d i f f u s i o n   t r a p   1 3 5 ,  

web  100  i s   i m m e r s e d   i n t o   f l u i d   140  in  sump  128  and  i s  

p a s s e d   a r o u n d   r o l l e r   1 2 9 .   R o l l e r   129  p o s i t i o n s   w e b  1 0 0   f o r  

e n t r y   i n t o   c h a m b e r   130  so  t h a t   web  100  w i l l   e n c o u n t e r   v a p o r  

z o n e   142  in  a  p l a n a r   o r i e n t a t i o n   b e l o w   t h e   v a p o r   a i r  

i n t e r f a c e .   M o r e o v e r ,   t e m p e r a t u r e   c o n t r o l   e l e m e n t   1 3 8  

c o n t r o l s   t h e   t e m p e r a t u r e   of  f l u i d   140  so  t h a t   i t   p r e h e a t s  

s o l d e r   c o a t i n g   104  on  web  100  to  j u s t   b e l o w   t h e   s o l d e r  

e u t e c t i c   t e m p e r a t u r e .   In   t h e   e v e n t   t h e   t e m p e r a t u r e   o f  

f l u i d   140  i s   s u f f i c i e n t l y   h i g h   so  as  to  g e n e r a t e   a n y  

v a p o r s ,   t h e s e   v a p o r s ,   upon  e x p o s u r e   to  d i f f u s i o n   t r a p   1 3 5 ,  

a r e   c o n d e n s e d   i n t o   l i q u i d   f o r m .   C o n s e q u e n t l y ,   t r o u g h s   1 9 5  

a r e   p r o v i d e d   a t   l o w e r   e n d s   of  d i f f u s i o n   t r a p   135  so  t h a t  

any   r e c o n d e n s e d   v a p o r s   a r e   r e t u r n e d   to   sump  128  r a t h e r   t h a n  

f o r m i n g   on  web  1 0 0 .  

A f t e r   p a s s i n g   a r o u n d   r o l l e r   129 ,   web  100  i s  

r o u t e d   t h r o u g h   p a s s a g e w a y   136  s e p a r a t i n g   sump  128  f r o m  

v a p o r   zone   1 4 2 .   P a s s a g e w a y   136  i s   f o r m e d   by  b a f f l e   1 2 6  

w h i c h   e x t e n d s   f r o m   t o p   121  d o w n w a r d l y   to  a  p o i n t   s p a c e d  

a p a r t   f rom  b o t t o m   122 .   To  p r e c l u d e   e s c a p e   of  v a p o r s   f r o m  

c h a m b e r   1 3 0 ,   t h e   f l u i d   in  sump  128  is   m a i n t a i n e d   a t   a  l e v e l  

j u s t   a b o v e   p a s s a g e w a y   1 3 6 .   H e n c e ,   web  100  e n t e r s  

c h a m b e r   130  t h r o u g h   l i q u i d   s e a l   1 3 7 .  

V a p o r   zone   142  in  c h a m b e r   130  i s   g e n e r a t e d   b y  

b o i l i n g   f l u i d   140  in  sump  127  by  h e a t i n g   e l e m e n t s   1 4 1 .   T h e  

t e m p e r a t u r e   of  h e a t i n g   e l e m e n t s   141  i s   c o n t r o l l e d   in  o r d e r  

to   m a i n t a i n   f l u i d   140  in  c o n t a c t   w i t h   them  a t   a  n e a r l y  

u n i f o r m   t e m p e r a t u r e .  T h i s   is   e f f e c t e d   by  m a k i n g   h e a t i n g  

e l e m e n t s   141  s u c h   t h a t   t h e y   have   a  u n i f o r m   r e s i s t a n c e   p e r  



u n i t   of  l e n g t h .   T h i s   u n i f o r m   r e s i s t a n c e   e n s u r e s   t h a t   a 

p r o p o r t i o n a t e   r e d u c t i o n   in  power   w i l l   p r o d u c e   a  

p r o p o r t i o n a t e   r e d u c t i o n   in  h e a t   f l u x .   The  r e d u c t i o n   i n  

h e a t   f l u x   r e s u l t s   in  f e w e r   h o t   s p o t s   b e i n g   f o r m e d   i n  

f l u i d   140  and  t h i s ,   in  t u r n ,   i m p r o v e s   t he   u s a b l e   l i f e t i m e  

of  f l u i d   1 4 0 .  

C o n t r o l   of  t he   h e i g h t   of  t he   v a p o r   a i r   i n t e r t a c e  

i s   e f f e c t e d   by  c o n d e n s e r   e l e m e n t s   143  and  144  p o s i t i o n e d  

a l o n g   e n c l o s i n g   s u r f a c e s   of  c h a m b e r   130  c o n t a i n i n g   v J p o r  

zone   1 4 2 .   The  l o c a t i o n   of  c o n d e n s e r   e l e m e n t s   143  and  1 4 4 ,  

w h i c h   e l e m e n t s   a r e   a d j u s t a b l e   as  shown  most   c l e a r l y   i n  

F IGS.   6B  and  6C,  a l o n g   w i t h   t he   e l e v a t i o n   a n g l e   of  b o t t o m  

e d g e   191  ( F i g .   4)  of  m a c h i n e   110  and  the   s p e e d   of  t r a v e l   o f  

web  100  f i x e s   t h e   t i m e   of  e x p o s u r e   of  s o l d e r   c o a t i n g   104  o n  

web  100  to  v a p o r   zone   1 4 2 .  

B a f f l e s   182  and  183  a r e   p o s i t i o n e d   j u s t   b e l o w   t h e  

v a p o r   a i r   i n t e r f a c e   to  d e c r e a s e   t h e   a m o u n t   of  c o n v e c t i o n  

a i r   i n t e r a c t i n g   w i t h   s o l d e r i n g   c o a t i n g   104  d u r i n g   i t s  

p a s s a g e   t h r o u g h   v a p o r   zone   142 .   T h i s   r e s u l t s   in  a  m o r e  
u n i f o r m   e x p o s u r e   of  web  100  to  t he   ho t   v a p o r s   of  v a p o r  

zone   142  and  t h i s   in  t u r n   r e s u l t s   in  an  i m p r o v e d   c o s m e t i c  

a p p e a r a n c e   of  f l e x i b l e   c i r c u i t   web  100  b e c a u s e   t h e   p r e s e n c e  
of  a i r   in  t he   v i c i n i t y   of  t he   r e f l o w e d   s o l d e r   t e n d s   t o  

o x i d i z e   the   s o l d e r  t h e r e b y   d u l l i n g   t h e   f i n i s h .  - I n   o r d e r   t o  

p r e v e n t   any  d r o p l e t s   of  f l u i d   140  f rom  e n t e r i n g   v a p o r  

zone   1 4 2 ,   a  d e m i s t e r   u n i t   197  i s   p r o v i d e d   in  sump  1 2 7 .  

D u r i n g   the   p a s s a g e   of  f l e x i b l e   c i r c u i t   web  1 0 0  

t h r o u g h   v a p o r   zone   142 ,   t he   ho t   v a p o r s   h e a t   s o l d e r  

c o a t i n g   104  a b o v e   i t s   l i q u i d u s   t e m p e r a t u r e   c a u s i n g   t h e  

s o l d e r   to  r e f l o w .   S i n c e   web  100  is   m a i n t a i n e d   in  a  p l a n a r  

o r i e n t a t i o n   d u r i n g   t h i s   p a s s a g e   t h e   e f f e c t s   of  s o l d e r  

s l u m p i n g   a r e   r e d u c e d   and  s o l d e r   c o a t i n g   104  is  p r o v i d e d  

w i t h   a  mere   u n i f o r m   d i s t r i b u t i o n .   M o r e o v e r ,   by  c o n t r o l l i n g  

t h e   t r a n c i t   t i m e   and  p l a n a r   a n g l e   of  web  100  as  i t   p a s s e s  

t h r o u g h   v a p o r   zone  142 ,   s u f f i c i e n t   c o n d e n s a t e   is   a l l o w e d   t o  

f o r m   on  web  1 0 0 .  

The  f o r m a t i o n   of  t h i s   c o n d e n s a t e   m a t e r i a l l y   a i d s  



In  t he   c o o l i n g   of  web  100  as  i t   p a s s e s   b e t w e e n   u p p e r  
c u n d e n s e i   e l e m e n t   184  and  l o w e r   c o n d e n s e r   e l e m e n t   1 8 5 .  

C o o l i n g   a t   L h i s   p o i n t   i s   d e s i r a b l e   in  o r d e r   to   b r i n g   t h e  

t e m p e r a t u r e   of  s o l d e r   c o a t i n g   104  b e l o w   i t s   e u t e c t i c  

t e m p e r a t u r e   p r i o r   to  i t s   b e i n g   b r o u g h t   i n t o   c o n t a c t   w i t h  

r o l l e r   1 6 7 .  

U p p e r   c o n d e n s e r   e l e m e n t   184 ,   as  shown  in  FIG.   5 B ,  

has   a  d o g h o u s e - l i k e   s h a p e   so  t h a t   any  c o n d e n s a t e   d r i v e n   o f f  

web  100  o n t o   t h i s   c o n d e n s e r   is   p r e v e n t e d   f rom  d r i p p i n g   b a c k  

o n t o   web  100 .   To  a c h i e v e   t h i s   e f f e c t   u p p e r   c o n d e n s e r  

e l e m e n t   184  i n c l u d e s   o p p o s i t e l y   d i r e c t e d   m e m b e r s   2 0 1  

and  2 0 2 ,   as  shown  in  FIG.   5B,  w h i c h   m e m b e r s   a r e   o r i e n t e d   a t  

a  common  a n g l e   w i t h   r e s p e c t   to   a  p l a n e   c o n t a i n i n g   f l e x i b l e  

c i r c u i t   web  1 0 0 .  

As  a  f i r s t   s t e p   in  p r o h i b i t i n g   e s c a p e   of  v a p o r s  
of   w o r k i n g   f l u i d   140 ,   b a f f l e   203  s e p a r a t e s   c h a m b e r   130  f r o m  

t h e   f o l l o w - o n   s t a g e s   u s e d   to   r e c a p t u r e   any   r e s i d u a l   t r a c e s  

of   f l u i d   140  w h i c h   may  h a v e   a  t e n d e n c y   to  e s c a p e   t h r o u g h  

web  d r a g o u t .   F o l l o w i n g   c o o l i n g   by  v i r t u e   of  d o g h o u s e -  

s h a p e d   c o n d e n s e r   e l e m e n t s   184  and  185 ,   web  100  e n g a g e s   a  

p l u r a l i t y   of  r e h e a t   r o l l e r s   167  t h r o u g h   169  and  a  

c o r r e s p o n d i n g   p l u r a l i t y   of  d i f f u s i o n   t r a p s   1 8 6 ,   1 9 0 ,  

and  1 3 4 ,   r e s p e c t i v e l y .   R o l l e r   167  and  d i f f u s i o n   t r a p   1 8 6  

a r e   s e p a r a t e d   f rom  r o l l e r   168  and  d i f f u s i o n   t r a p   190  b y  

b a f f l e s   187  and  188 .   S i m i l a r l y ,   r o l l e r   168  and  d i f f u s i o n  

t r a p   190  a r e   s e p a r a t e d   f rom  r o l l e r   169  and  d i f f u s i o n  

t r a p   134  by  b a f f l e s   188  and  1 8 9 .  

Upon  e n g a g e m e n t   of  web  100  w i t h   e a c h   o f  

r o l l e r s   167  t h r o u g h   169 ,   i t   i s   r e h e a t e d   to   a  t e m p e r a t u r e  

j u s t   b e l o w   t h e   e u t e c t i c   t e m p e r a t u r e   of  s o l d e r   c o a t i n g   1 0 4 .  

T h i s   r e h e a t i n g   v a p o r i z e s   any  r e s i d u a l   t r a c e s   of  c o n d e n s a t e  

of  f l u i d   140  so  t h a t   upon  e n t e r i n g   d i f f u s i o n   t r a p s   1 8 6 ,  

1 9 0 ,   and  134 ,   t h i s   c o n d e n s a t e   i s   r e m o v e d   f rom  web  1 0 0 .   T h e  

p r e s e n c e   of  b a f f l e s   187  t h r o u g h  1 8 9   e n s u r e s   t h a t   w i t h   e a c h  

s u c c e s s i v e   s t a g e   l e s s e r   a m o u n t s   of  c o n d e n s a t e   a r e   a v a i l a b l e  

f o r   r e m o v a l   f rom  m a c h i n e   110  by  web  d r a g o u t .  

To  f a c i l i t a t e   r e t u r n   of  t h e   r e c a p t u r e d   c o n d e n s a t e  



to  sump  127  e a c h   of  d i f f u s i o n   t r a p s   186 ,   190  and  134  a r e  

p r o v i d e d   w i t h   t r o u g h s   195  a t   t h e i r   l o w e r   e x t r e m i t i e s .  

T r o u g h s   195  r e d u c e   t he   p o s s i b i l i t y   of  r e c a p t u r e d   c o n d e n s a t e  

c o m i n g   i n t o   c o n t a c t   w i t h   web  1 0 0 .  

F o l l o w i n g   p a s s a g e   of  web  100  a r o u n d   r e h e a t  

r o l l e r   169  and  t h r o u g h   d i f f u s i o n   t r a p   134 ,   i t   e m e r g e s  

t h r o u g h   e x i t   p o r t   132 .   To  f u r t h e r   i n h i b i t   e s c a p e   of  a n y  

v a p o r   of  f l u i d   140 ,   d i f f u s i o n   t r a p   134  is  c o u p l e d   to  e x i t  

p o r t   132  by  b a f f l e s   205  and  206  w h i c h   a r e   s p a c e d   c l o s e l y  

t o g e t h e r .   In  a d d i t i o n ,   e x i t   p o r t   132  i s   e q u i p p e d   w i t h   a  

w i p e r   a s s e m b l y   178 ,   as  shown  in  FIG.   7,  w h i c h   f u r t h e r  

p r o v i d e s   fo r   r e m o v a l   of  any  t r a c e s   of  v a p o r   of  f l u i d   1 4 0  

c a r r i e d   by  web  1 0 0 .  

I t   s h o u l d   be  n o t e d   t h a t   d u r i n g   p a s s a g e   of  web  1 0 0  

t h r o u g h   v a p o r   zone   142 ,   web  100  i s   m a i n t a i n e d   in  a  p l a n a r  

o r i e n t a t i o n   even   a t   low  web  t e n s i o n s .   T h i s   e f f e c t   i s  

a c h i e v e d   w i t h   r o l l e r s   129 ,   1 6 7 ,   168 ,   and  169  a l o n g   w i t h  

i n p u t   r o l l e r   150  and  d i s c h a r g e   r o l l e r   151  ( F i g .   4 ) .   T h e  

m a n n e r   in  w h i c h   t h i s   e f f e c t   i s   a c h i e v e d   w i l l   become   c l e a r  

upon   c o n s i d e r a t i o n   of  FIG.  6A.  M o r e o v e r ,   as  n o t e d   a b o v e ,  

c o n d e n s e r   e l e m e n t s   143  and  144  a r e   a d j u s t a b l e   so  t h a t   a l o n g  

w i t h   t h e   s p e e d   of  t r a v e l   of  web  100  and  the   a n g l e   o f  

e l e v a t i o n   of  b o t t o m   edge   191  w i t h   r e s p e c t   to  b o t t o m   edge   1 9 2  

of  m a c h i n e   1 1 0 ,   t h e   e x p o s u r e   t i m e   of  s o l d e r   c o a t i n g   104  t o  

v a p o r   zone   142  can   be  a c c u r a t e l y   c o n t r o l l e d .   The  m a n n e r   o f  

a d j u s t m e n t   of  c o n d e n s e r   e l e m e n t s   143  and  144  w i l l   b e  

c o n s i d e r e d   s u b s e q u e n t l y .  

I l l u s t r a t e d   in  FIG.   6A  is   a p p a r a t u s   f o r  

t r a n s p o r t i n g   f l e x i b l e   c i r c u i t   web  100  t h r o u g h   m a c h i n e   1 1 0  

s u c h   t h a t   web  100  is  m a i n t a i n e d   in  a  p l a n a r   o r i e n t a t i o n   a t  

low  web  t e n s i o n   d u r i n g   i t s   p a s s a g e   t h r o u g h   v a p o r   zone   1 4 2 .  

In  p a r t i c u l a r ,   m o t o r   220  m o u n t e d   on  t o p   121 ,   shown  o n l y   i n  

FIG.   6A  f o r   c l a r i t y ,   d r i v e s   d i s c h a r g e   r o l l e r   151  a n d  

i n t e r m e d i a t e   r o l l e r s   167  t h r o u g h   169  by  d r i v e   c h a i n s   2 2 1 .  

To  c o n t r o l   t h e   t e n s i o n   in  web  100  as  i t   is  f ed   f rom  s u p p l y  

r o l l e r   250 ,   v a r i a b l y   a d j u s t a b l e   t e n s i o n   r o l l e r   251  is   u s e d .  

T e n s i o n   r o l l e r   251  is  c o u p l e d   to  p n e u m a t i c   c o n s t a n t   l o a d  



d e v i c e   253  by  t e n s i o n   c o n t r o l   arm  252 .   C o u p l e d   to  t e n s i o n  

c o n t r o l   arm  252  is  t e n s i o n   arm  p o s i t i o n   s e n s o r   2 5 4 .  

I f   t h e   f e e d   r a t e   of  web  100  i n t o   m a c h i n e   1 1 0  

s low  down  r e l a t i v e   to  t h e   m a c h i n e   o u t p u t   s p e e d ,   t h e   a m o u n t  

of  web  100  l o o p e d   a r o u n d   t e n s i o n   r o l l e r   251  d e c r e a s e s   a n d  

t e n s i o n   c o n t r o l   arm  252  s w i n g s   in  an  u p w a r d   d i r e c t i o n .  

S i m u l t a n e o u s l y ,   t e n s i o n   arm  p o s i t i o n   s e n s o r   254  d e t e c t s  

t h i s   c h a n g e   in  p o s i t i o n   of  t e n s i o n   c o n t r o l   arm  252  and  as  a  

r e s u l t   an  e l e c t r i c a l   s i g n a l   i s   p r o d u c e d   w h i c h   c a u s e s   d r i v e  

m o t o r   220  to  s l o w   down.  The  d e c r e a s e   in  r o t a t i o n a l   s p e e d  

of  d r i v e   m o t o r   220  a r r e s t s   t h e   i m b a l a n c e   b e t w e e n   t h e   f e e d  

r a t e   and  m a c h i n e   o u t p u t   s p e e d ,   t h e r e b y   e f f e c t i v e l y  

c o n t r o l l i n g   t h e   a m o u n t   of  web  l o o p e d   a r o u n d   t e n s i o n  

r o l l e r   251  so  t h a t   t h e   t e n s i o n   in  web  100  i s   h e l d   n e a r l y  

c o n s t a n t   d u r i n g   i t s   p a s s a g e   t h r o u g h   m a c h i n e   1 1 0 .  

To  f u r t h e r   i n s u r e   t h a t   web  100  p a s s e s   t h r o u g h  

v a p o r   zone   142  in  a  p l a n a r   o r i e n t a t i o n ,   b o t t o m   edge   191  o f  

m a c h i n e   110  i s   a d j u s t a b l e   w i t h   r e s p e c t   to   b o t t o m   e d g e   1 9 2 .  

T h i s   e l e v a t i o n   a d j u s t a b i l i t y   a i d s   in  p r o v i d i n g   a  m o r e  

u n i f o r m   t h i c k n e s s   to  s o l d e r   c o a t i n g   104  f o l l o w i n g   t h e  

s o l d e r   r e f l o w   p r o c e s s   w i t h o u t   t h e   d e t r i m e n t a l   e f f e c t s  

c a u s e d   by  s o l d e r   s l u m p   i n h e r e n t   in  c a t e n a r y   f e e d  

a r r a n g e m e n t s .   T h i s   e l e v a t i o n   a d j u s t a b i l i t y   f u r t h e r   a i d s   i n  

c o n t r o l l i n g   t h e   a m o u n t   of  v a p o r   c o n d e n s a t e   r e m a i n i n g   o n  

web  100  as  i t   r i s e s   a b o v e   t h e   v a p o r   a i r   i n t e r f a c e   f o r  

e v a p o r a t i v e   c o o l i n g .  

C o n t r o l   of  t h e   h e i g h t   of  v a p o r   zone   142  i s  

a c h i e v e d   by  t h e   a d j u s t a b i l i t y   of  c o n d e n s e r   e l e m e n t s   1 4 3  

and  1 4 4 .   Each   of  c o n d e n s e r   e l e m e n t s   143  and  144 ,   as  s h o w n  

most   c l e a r l y   in  F IGS.   6B  and  6C,  r e s p e c t i v e l y ,   i n c l u d e s  

m o v a b l e   p a n s   230  and  230 '   f o r   h o u s i n g   t h e   c o n d e n s e r  

e l e m e n t s   t h e m s e l v e s .   P a n s   230  and  2 3 0 '   can   be  m o v e d  

a d v a n t a g e o u s l y   in  e i t h e r   a  g e n e r a l l y   v e r t i c a l   or  g e n e r a l l y  

h o r i z o n t a l   d i r e c t i o n ,   as  a p p r o p r i a t e .   To  e f f e c t   t h i s  

m o v e m e n t   p a n s   230  and  230 '   a r e   c o u p l e d   v i a   s h a f t s   231  a n d  

231 '   to  h a n d   c r a n k s   232  and  2 3 2 ' ,   r e s p e c t i v e l y .  

S i n c e   c o n d e n s e r   e l e m e n t s   143  and  144  p r o v i d e  



d i r e c t   c o o l i n g ,   i t   is  d e s i r a b l e   t h a t   any  c o n d e n s a t e   f o r m i n g  

t h e r e o n   be  r e t u r n e d   d i r e c t l y   to  sump  127  w i t h o u t   c o m i n g  

i n t o   c o n t a c t   w i t h   f l e x i b l e   c i r c u i t   web  100.   To  a c h i e v e  

t h i s   end  p a n s   230  and  230 '   a r e   p r o v i d e d   w i t h   t e l e s c o p i n g  

t u b e s   235  and  235 '   w h i c h   c o u p l e   p a n s   230  and  230 '   d i r e c t l y  

to  sump  127  r e g a r d l e s s   of  t he   p o s i t i o n   of  c o n d e n s e r  

e l e m e n t s   143  and  144  w i t h   r e s p e c t   to  sump  127 .   T h i s  

a r r a n g e m e n t   has   t he   f u r t h e r   e f f e c t   of  m i n i m i z i n g   t h e  

p r o d u c t i o n   of  e x c e s s i v e l y   h o t   v a p o r s   n e e d e d   to  m a i n t a i n  

v a p o r   zone   142  and  t h i s ,   in  t u r n ,   i n c r e a s e s   t he   u s e f u l  

l i f e t i m e   of  w o r k i n g   f l u i d   1 4 0 .  

A d d i t i o n a l   m e a s u r e s   u s e d   to  p r e v e n t   t h e   l o s s   o f  

f l u i d   140  a r e   r e p r e s e n t e d   by  t he   w i p e r   a r r a n g e m e n t   shown  i n  

FIG.   7  and  b r i e f l y   d i s c u s s e d   e a r l i e r .   S p e c i f i c a l l y  

i l l u s t r a t e d   in  c r o s s   s e c t i o n a l   form  is   t he   w i p e r  

a r r a n g e m e n t   a t   e x i t   p o r t   132 .   F l e x i b l e   m e m b r a n e s   2 6 0  

and  261  a r e   a f f i x e d   in  o v e r l a p p i n g   a l i g n m e n t   a l o n g  

e d g e s   262  and  263 ,   r e s p e c t i v e l y ,   of  e x i t   p o r t   132  by  r i g i d  

m e m b e r s   264  and  265 .   As  web  100  e m e r g e s   f rom  e x i t  

p o r t   132 ,   m e m b r a n e s   260  and  261  a r e   f l e x e d   o u t w a r d l y  

f o r m i n g   a  s e a l   a b o u t   web  100.   T h i s   s e a l   p r e v e n t s   a n y  
c o n v e c t i v e   l o s s   of  v a p o r   due  to   web  100  d r a g g i n g   o u t   t h e  

m i x t u r e   of  a i r   and  v a p o r   e x i s t i n g   n e a r   d i f f u s i o n   t r a p   1 3 4 .  

As  n o t e d   p r e v i o u s l y ,   h e a t i n g   e l e m e n t s   141  a r e  

u s e d   to  c o n t r o l   t h e   b o i l i n g   r a t e   of  f l u i d   140  and  to  a v o i d  

t h e   p r o d u c t i o n   of  ho t   s p o t s   t h e r e b y   i n c r e a s i n g   t h e   l i f e t i m e  

of  f l u i d   140 .   B e s i d e s   m a k i n g   h e a t i n g   e l e m e n t s   141  s u c h  

t h a t   t h e y   have   a  u n i f o r m   r e s i s t a n c e   per   u n i t   of  l e n g t h ,   t h e  

power   to  them  is   c o n t r o l l e d   so  t h a t   a  p r o p o r t i o n a t e  

r e d u c t i o n   in  power   p r o d u c e s   a  p r o p o r t i o n a t e   r e d u c t i o n   i n  

h e a t   f l u x .   T h i s   r e s u l t   is  a c h i e v e d   by  t h e   s i l i c o n  

c o n t r o l l e d   r e c t i f i e r   c i r c u i t   i l l u s t r a t e d   in  FIG  8 .  

T h r e e   p h a s e ,   60  c y c l e   AC  c o m m e r c i a l   power   on  l i n e s  

L l ,   L2  and  L3  is  c o u p l e d   t h r o u g h   f u s e s   290  to  f i l t e r  

c a p a c i t o r s   291 .   F o l l o w i n g   e a c h   c a p a c i t o r   291  t h e r e   is  a  

p a r a l l e l   c i r c u i t   c o m p r i s e d   of  d i o d e   292  and  a  s i l i c o n  

c o n t r o l l e d   r e c t i f i e r   293 .   D i o d e   292  p r o v i d e s   r e c t i f i c a t i o n  



of  t ne   AC  power   and  s i l i c o n   c o n t r o l l e d   r e c t i t i e r   293 ,   b y  
v i r t u e   of  a  t r i g g e r   b i a s   v o l t a g e   c o u p l e d   t h e r e t o ,   f a i r l y  

a c c u r a t e l y   c o n t r o l s   t h e   a m o u n t   of  r e c t i f i e d   power   s u p p l i e d  

to  h e a t i n g   e l e m e n t s   141 .   T h i s   a r r a n g e m e n t   i n s u r e s   t h a t   a l l  

h e a t i n g   e l e m e n t s   141  a r e   a c t i v a t e d   u n i f o r m l y   w h i c h ,   in  t u r n ,  

v i r t u a l l y   e l i m i n a t e s   ho t   s p o t s   in  f l u i d   140  t h e r e b y  

i n c r e a s i n g   i t s   u s e f u l   l i f e t i m e .  

In  a l l   c a s e s   i t   is   to  be  u n d e r s t o o d   t h a t   t h e  

a b o v e - d e s c r i b e d   e m b o d i m e n t s   a r e   bu t   r e p r e s e n t a t i v e   of  m a n y  
p o s s i b l e   s p e c i f i c   e m b o d i m e n t s   w h i c h   can   be  d e v i s e d   r e a d i l y  
in  a c c o r d a n c e   w i t h   t h e   p r i n c i p l e s   of  t h e   d i s c l o s e d  

i n v e n t i o n .  



1.  P r o c e s s   f o r   r e f l o w i n g   s o l d e r   ( 1 0 4 )   on  a  

s o l d e r   p l a t e d   s u b s t r a t e   ( 1 0 0 ) ,   i n   w h i c h   t h e   s u b s t r a t e   ( 1 0 0 )  

i s   moved  t h r o u g h   a  c h a m b e r   ( 1 3 0 )   c o n t a i n i n g   a  v a p o u r   ( 1 4 2 )  

t h e   t e m p e r a t u r e   of   w h i c h   i s   s u f f i c i e n t   t o   m e l t   and   r e f l o w  

t h e   s o l d e r   p l a t i n g   ( 1 0 4 )   o f   s a i d   s u b s t r a t e   ( 1 0 0 ) ,  

c h a r a c t e r i s e d   in   t h a t   t h e   s u b s t r a t e   ( 1 0 0 )   i s   m o v e d  

t h r o u g h   a  l i q u i d / v a p o u r   i n t e r f a c e   ( 1 3 7 )   w h i c h   p r o v i d e s  

a  s e a l   to   t h e   c h a m b e r   ( 1 3 0 ) .  

2.  P r o c e s s   as   c l a i m e d   i n   c l a i m   1,  i n   w h i c h   t h e  

s u b s t r a t e   ( 1 0 0 )   i s   moved  i n   a  s u b s t a n t i a l l y   s t r a i g h t   l i n e  

t h r o u g h   t h e   v a p o u r   ( 1 4 2 )   c o n t a i n e d   i n   s a i d   c h a m b e r   ( 1 3 0 ) .  

3.  P r o c e s s   as   c l a i m e d   i n   c l a i m   1  o r   c l a i m   2 ,  

i n   w h i c h   t h e   s u b s t r a t e   ( 1 0 0 )   i s   moved  t h r o u g h   s a i d   c h a m b e r  

( 1 3 0 )   and   t h r o u g h   a  f u r t h e r   c h a m b e r   ( 1 3 1 )   t h e   f u r t h e r  

c h a m b e r   ( 1 3 1 )   f o r   c o n t a i n i n g   a  l i q u i d   ( 1 4 0 )   t h e  

t e m p e r a t u r e   of   w h i c h   i s   l e s s   t h a n   t h e   m e l t i n g   p o i n t  

t e m p e r a t u r e   o f   t h e   s o l d e r   p l a t i n g   ( 1 0 4 ) ,   t h e   l i q u i d / v a p o u r  

i n t e r f a c e   ( 1 3 7 )   b e i n g   p r o v i d e d   b e t w e e n   s a i d   c h a m b e r   ( 1 3 0 )  

and   s a i d   f u r t h e r   c h a m b e r   ( 1 3 1 ) .  

4.  P r o c e s s   as   c l a i m e d  i n   c l a i m   3,  i n   w h i c h   a  

f l e x i b l e   s u b s t r a t e   ( 1 0 0 )   i s   moved  t h r o u g h   s a i d   f u r t h e r  

c h a m b e r   ( 1 3 1 )   p r i o r   to   i t   b e i n g   moved   t h r o u g h   s a i d   c h a m b e r  

( 1 3 0 ) .  

5.  S o l d e r   p l a t e d   s u b s t r a t e   i n   w h i c h   t h e   s o l d e r  

p l a t i n g   ( 1 0 4 )   t h e r e o f   h a s   b e e n   c a u s e d   t o   r e f l o w   i n  

a c c o r d a n c e   w i t h   a  p r o c e s s   as   c l a i m e d   i n   any   of   c l a i m s  

1  t o   4 .  

6.  A p p a r a t u s   f o r   c a r r y i n g   o u t   a  p r o c e s s   o f  

r e f l o w i n g   s o l d e r   ( 1 0 4 )   on  a  s o l d e r   p l a t e d   s u b s t r a t e   ( 1 0 0 ) ,  

t h e   a p p a r a t u s   c o m p r i s i n g   a  c h a m b e r   ( 1 3 0 )   f o r   c o n t a i n i n g   a  

v a p o u r   ( 1 4 2 )   t h e   t e m p e r a t u r e   o f   w h i c h   i s   s u f f i c i e n t   t o   m e l t  

and   r e f l o w   t h e   s o l d e r   p l a t i n g   ( 1 0 4 )   o f   a  s o l d e r   p l a t e d  

s u b s t r a t e   ( 1 0 0 )   and   means   ( 1 2 9 ,   150 ,   1 5 1 )   f o r   m o v i n g   a  

s o l d e r   p l a t e d   s u b s t r a t e   ( 1 0 0 )   t h r o u g h   s a i d   c h a m b e r   ( 1 3 0 ) ,  

c h a r a c t e r i s e d  b y  a   c o n t a i n e r   ( 1 3 1 )   f o r   c o n t a i n i n g   a  l i q u i d  

( 1 4 0 )   t h e   t e m p e r a t u r e   o f   w h i c h   i s   l e s s   t h a n   t h e   m e l t i n g  

p o i n t   t e m p e r a t u r e   of   t h e   s o l d e r   p l a t i n g   ( 1 0 4 ) ,   t h e   c h a m b e r  



( 1 3 0 )   and   t h e   c o n t a i n e r   ( 1 3 1 )   b e i n g   a r r a n g e d   so  t h a t   i n  

u s e   a  l i q u i d / v a p o u r   i n t e r f a c e   ( 1 3 7 )   e x i s t s   b e t w e e n   t h e m  

w h i c h   p r o v i d e s   a  s e a l   to   s a i d   c h a m b e r   ( 1 3 0 )   t h r o u g h   w h i c h  

t h e   s u b s t r a t e   ( 1 0 0 )   i s   a r r a n g e d   t o   be  m o v e d .  

7.  A p p a r a t u s   as   c l a i m e d   i n   c l a i m   6,  i n   w h i c h  

t h e   m e a n s   ( 1 2 9 ,   150 ,   1 5 1 )   f o r   m o v i n g   t h e   s o l d e r   p l a t e d  

s u b s t r a t e   ( 1 0 0 )   t h r o u g h   s a i d   c h a m b e r   ( 1 3 0 )   i s   e f f e c t i v e  

f o r   m o v i n g   t h e   s u b s t r a t e   ( 1 0 0 )   i n   a  s u b s t a n t i a l l y  

s t r a i g h t   l i n e .  

8.  A p p a r a t u s   as   c l a i m e d   i n   c l a i m   6  o r   c l a i m   7 ,  

i n   w h i c h   t h e   c o n t a i n e r   ( 1 3 1 )   t a k e s   t h e   f o r m   of   a  f u r t h e r  

c h a m b e r   ( 1 3 1 )   in   w h i c h   r o l l e r   m e a n s   ( 1 2 9 )   i s   p r o v i d e d  

a r o u n d   w h i c h   a  f l e x i b l e   s u b s t r a t e   ( 1 0 0 )   i s   p a s s e d ,   t h e  

r o l l e r   m e a n s   ( 1 2 9 )   b e i n g   d i s p o s e d   b e l o w   t h e   i n t e n d e d  

l i q u i d   s u r f a c e   l e v e l   w h e r e b y   t h e   s u b s t r a t e   ( 1 0 0 )   i s   c a u s e d  

to   t r a v e r s e   a  p a t h   t h a t   e x t e n d s   t h r o u g h   t h e   l i q u i d   ( 1 4 0 )   o f  

s a i d   f u r t h e r   c h a m b e r   ( 1 3 1 ) ,   t h r o u g h   t h e   l i q u i d / v a p o u r  

i n t e r f a c e   ( 1 3 7 )   b e t w e e n   t h e   two  c h a m b e r s   ( 1 3 0 ,   1 3 1 )   a n d  

in   a  s u b s t a n t i a l l y   s t r a i g h t   l i n e   t h r o u g h   t h e   v a p o u r   ( 1 4 2 )  

o f   s a i d   v a p o u r   c o n t a i n i n g   c h a m b e r   ( 1 3 0 ) .  

9.  A p p a r a t u s   a s   c l a i m e d   i n   c l a i m   8,  i n   w h i c h  

t h e   s a i d   v a p o u r   c o n t a i n i n g   c h a m b e r   ( 1 3 0 )   c o m p r i s e s  

h e a t i n g   m e a n s   ( 1 4 1 )   f o r   h e a t i n g   a  l i q u i d   ( 1 4 0 )   w h e n  

c o n t a i n e d   t h e r e i n   to   a f f o r d   s a i d   v a p o u r   ( 1 4 2 )   a n d  

c o n d e n s i n g   m e a n s   ( 1 4 3 ,   1 4 4 )   f o r   d e t e r m i n i n g   t h e   v a p o u r  

l e v e l   in   s a i d   c h a m b e r   ( 1 3 0 ) .  

10.   A p p a r a t u s   as   c l a i m e d   i n   c l a i m   8  o r   c l a i m   9 ,  

in   w h i c h   t h e   v a p o u r   c o n t a i n i n g   c h a m b e r   ( 1 3 0 )   and   t h e  

f u r t h e r   c h a m b e r   ( 1 3 1 )   a r e   p r o v i d e d   w i t h   s u b s t r a t e   i n l e t /  

o u t l e t   m e a n s   ( 1 3 2 ,   1 3 3 )   a n d   m e a n s   ( 1 3 4 ,   135 ,   1 3 9 ,   177 ,   1 7 8 )  

a s s o c i a t e d   w i t h   s a i d   i n l e t / o u t l e t   m e a n s   ( 1 3 2 ,   1 3 3 )   f o r  

i n h i b i t i n g   t h e   l o s s   o f   l i q u i d / v a p o u r   ( 1 4 0 ,   1 4 2 )  

t h e r e t h r o u g h .  
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