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@  Laminar  Conductive  polymer  devices. 
  Electrical  devices,  especially  self-regulating  flexible 
sheet  heaters  and  circuit  protection  devices,  comprise  a  lam- 
inar  element  (11)  of  a  melt-shaped  PTC  coductive  polymer, 
and  a  plurality  of  electrodes  (12,13,14)  which  are  positioned 
that  the  predominant  direction  of  current  flow  is  parallel  to 
the  faces  of  the  laminar  element  (11).  The  electrodes 
(12,13,14)  are  preferably  positioned  on  one  face  of  the  lam- 
inar  element  and  are  applied  by  a  printing  process.  Preferably 
the  ratio  of  the  average  width  of  the  electrodes  to  the  distance 
between  them  is  at  least  0.1:1. 



FIELD  OF  THE  INVENTION 

T h i s   i n v e n t i o n   r e l a t e s   to   e l e c t r i c a l   d e v i c e s   w h i c h  

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

INTRODUCTION  TO  THE  INVENTION 

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

p o l y m e r s ,   can  be  made  e l e c t r i c a l l y   c o n d u c t i v e   b y  

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

or  a n o t h e r   f i n e l y   d i v i d e d   c o n d u c t i v e   f i l l e r .   Some  c o n -  

d u c t i v e   p o l y m e r s   e x h i b i t   wha t   is   known  as  PTC  ( p o s i t i v e  

t e m p e r a t u r e   c o e f f i c i e n t )   b e h a v i o r .   The  t e r m s  

" c o m p o s i t i o n   e x h i b i t i n g   PTC  b e h a v i o r "   and  "PTC  c o m -  

p o s i t i o n "   a r e   u s e d   in  t h i s   s p e c i f i c a t i o n   to   d e n o t e   a  

c o m p o s i t i o n   w h i c h   has   an  R14  v a l u e   of  a t   l e a s t   2 .5   or  a n  

R100  v a l u e   of  a t   l e a s t   10,   and  p r e f e r a b l y   b o t h ,  

and  p a r t i c u l a r l y   one  w h i c h   has  an  R30  v a l u e   of  at   l e a s t  

6,  w h e r e   R14  is   t h e   r a t i o   of  t h e   r e s i s t i v i t i e s   a t   t h e  

end  and  t h e   b e g i n n i n g   of  a  14°C  r a n g e ,   R100  is   t he   r a t i o  

of  t h e   r e s i s t i v i t i e s   a t   t h e   end  and  t h e   b e g i n n i n g   of  a  

100°   r a n g e ,   and  R30  i s   t h e   r a t i o   of  t h e   r e s i s t i v i t i e s   a t  

t h e   end  and  t h e   b e g i n n i n g   of  a  30°C  r a n g e .  

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

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

c e s ,   and  s e n s o r s ,   h a v e   been   d e s c r i b e d   in  p r i o r   p u b l i c a -  

t i o n s   and  in  c o - p e n d i n g ,   commonly   a s s i g n e d ,   p a t e n t  

a p p l i c a t i o n s .   R e f e r e n c e   may  be  made  f o r   e x a m p l e   to  U.  S .  

P a t e n t s   Nos .   2 , 9 5 2 , 7 6 1 ,   2 , 9 7 8 , 6 6 5 ,   3 , 2 4 3 , 7 5 3 ,  

3 , 3 5 1 , 8 8 2 ,   3 , 5 7 1 , 7 7 7 ,   3 , 7 5 7 , 0 8 6 ,   3 , 7 9 3 , 7 1 6 ,   3 , 8 2 3 , 2 1 7 ,  

3 , 8 5 8 , 1 4 4 ,   3 , 8 6 1 , 0 2 9 ,   3 , 9 5 0 , 6 0 4 ,   4 , 0 1 7 , 7 1 5 ,   4 , 0 7 2 , 8 4 8 ,  

4 , 0 8 5 , 2 8 6 ,   4 , 1 1 7 , 3 1 2 ,   4 , 1 7 7 , 3 7 6 ,   4 , 1 7 7 , 4 4 6 ,   4 , 1 8 8 , 2 7 6 ,  

4 , 2 3 7 , 4 4 1 ,   4 , 2 4 2 , 5 7 3 ,   4 , 2 4 6 , 4 6 8 ,   4 , 2 5 0 , 4 0 0 ,   4 , 2 5 2 , 6 9 2 ,  



4 , 2 5 5 , 6 9 8 ,   4 , 2 7 1 , 3 5 0 ,   4 , 2 7 2 , 4 7 1 ,   4 , 3 0 4 , 9 8 7 ,   4 , 3 0 9 , 5 9 6 ,  

4 , 3 0 9 , 5 9 7 ,   4 , 3 1 4 , 2 3 0 ,   4 , 3 1 4 , 2 3 1 ,   4 , 3 1 5 , 2 3 7 ,   4 , 3 1 7 , 0 2 7 ,  

4 , 3 1 8 , 8 8 1 ,   4 , 3 2 9 , 5 5 1 ,   4 , 3 3 0 , 7 0 4 ,   4 , 3 3 4 , 3 5 1 ,   4 , 3 5 2 , 0 8 3 ,  

4 , 3 6 1 , 7 9 9 ,   4 , 3 8 8 , 6 0 7 ,   4 , 3 9 8 , 0 8 4 ,   4 , 4 1 3 , 3 0 1 ,   4 , 4 2 5 , 3 9 7 ,  

4 , 4 2 6 , 3 3 9 ,   4 , 4 2 6 , 6 3 3 ,   4 , 4 2 7 , 8 7 7 ,   4 , 4 3 5 , 6 3 9 ,   4 , 4 2 9 , 2 1 6  

and   4 , 4 4 2 , 1 3 9 ;   J .   A p p l i e d   P o l y m e r   S c i e n c e   1 9 ,   8 1 3 - 8 1 5  

( 1 9 7 5 ) ,   K l a s o n   and  K u b a t ;   P o l y m e r   E n g i n e e r i n g   a n d  

S c i e n c e   18 ,   6 4 9 - 6 5 3   ( 1 9 7 8 ) ,   N a r k i s   e t   a l ;   Ge rman   OLS 

2 , 6 3 4 , 9 9 9 ,   2 , 7 4 6 , 6 0 2 ,   2 , 8 2 1 , 7 9 9 ,   and  E u r o p e a n  

A p p l i c a t i o n   Nos ,   3 8 , 7 1 3 ,   3 8 , 7 1 4 ,   3 8 , 7 1 8 ,   6 3 , 4 4 0 ,   6 7 , 6 7 9 ,  

6 8 , 6 8 8 ,   7 4 , 2 8 1 ,   8 7 , 8 8 4 ,   9 2 , 4 0 6 ,   9 6 , 4 9 2 ,   84  3 0 2 7 1 7 . 8 ,   84 

3 0 1 6 5 0 . 2   and   84  3 0 4 5 0 2 . 2   and  t h e   E u r o p e a n   a p p l i c a t i o n s  

c o r r e s p o n d i n g   to   U . S .   S e r i a l   Nos .   4 9 3 , 3 9 0   and  5 2 4 , 9 5 8 .  

SUMMARY  OF  THE  INVENTION 

We  h a v e   now  d i s c o v e r e d   t h a t   e x c e l l e n t   PTC  c o n d u c -  

t i v e   p o l y m e r   d e v i c e s   c an   be  p r e p a r e d   by  s h a p i n g ,   p r e -  

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

s h e e t ,   and   s i m u l t a n e o u s l y   or  s u b s e q u e n t l y   s e c u r i n g  

w i t h i n   t h e   s h e e t   a n d / o r   on  one  or  b o t h   s u r f a c e s   of  t h e  

s h e e t ,   a  p l u r a l i t y   of   e l e c t r o d e s   w h i c h   a r e   s p a c e d - a p a r t  

f r o m   e a c h   o t h e r   so  t h a t   t h e   p r e d o m i n a n t   d i r e c t i o n   o f  

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

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

The   s i z e   and  s e p a r a t i o n   of   t h e   e l e c t r o d e s   a r e   i m p o r t a n t  

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

T h u s   in   e l e c t r i c a l   h e a t e r s   of  t h e   i n v e n t i o n ,   t h e  

e l e c t r o d e s   a p p e a r   to   a c t   b o t h   as  c u r r e n t   c a r r i e r s  a n d   a s  

h e a t   s i n k s   in  a  way  w h i c h   m i n i m i z e s   t he   f o r m a t i o n   o f  

" h o t l i n e s "   ( i . e .   n a r r o w   a r e a s   o v e r   w h i c h   t h e r e   i s   a  h i g h  

v o l t a g e   g r a d i e n t )   in  t h e   PTC  e l e m e n t .   I n  c i r c u i t   p r o -  

t e c t i o n   d e v i c e s   of  t h e   i n v e n t i o n ,   t h e   n o v e l   d e s i g n   m a k e s  

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



p a r t i c u l a r   r e s i s t i v i t y ,   to   p r e p a r e   a  d e v i c e   w h i c h   h a s  

l o w e r   r e s i s t a n c e   f o r   i t s   s i z e   (or   s m a l l e r   s i z e   f o r   i t s  

r e s i s t a n c e )   t h a n   t h e   known  e l e c t r o d e   c o n f i g u r a t i o n s .  

F u r t h e r m o r e ,   t h e   c u r r e n t   d e n s i t y   i s   l e s s   t h a n   in  c o n v e n -  

t i o n a l   d e s i g n s .   In  a d d i t i o n ,   by  m a k i n g   u se   of  a  d e v i c e  

in  w h i c h   t h e   s p a c i n g   of  t h e   e l e c t r o d e s   v a r i e s   from  o n e  

p a r t   of  t h e   d e v i c e   to   a n o t h e r ,   t h e   o p e r a t i o n a l   d y n a m i c s  
of  t h e   d e v i c e   can   be  c h a n g e d .  

In  one  a s p e c t   t h e   p r e s e n t   i n v e n t i o n   p r o v i d e s   a n  

e l e c t r i c a l   d e v i c e   w h i c h   c o m p r i s e s  

(1)  a  l a m i n a r   e l e m e n t   w h i c h   i s   a t  l e a s t   0 . 0 0 2   i n c h  

( 0 . 0 0 5   cm)  t h i c k   and  i s   c o m p o s e d   of  a  c o n d u c -  

t i v e   p o l y m e r   c o m p o s i t i o n   w h i c h   (a)  e x h i b i t s  

PTC  b e h a v i o r ,   and  (b)  c o m p r i s e s   an  o r g a n i c  

p o l y m e r   a n d ,   d i s p e r s e d   in  t h e   p o l y m e r ,   a  

p a r t i c u l a t e   c o n d u c t i v e   f i l l e r ;  

(2)  a  p l u r a l i t y   of  e l e c t r o d e s ,   a t   l e a s t   two  o f  

w h i c h   can  be  c o n n e c t e d   to   a  s o u r c e   of  e l e c t -  

r i c a l   power   to  c a u s e   c u r r e n t   to  p a s s   t h r o u g h  

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

and  p o s i t i o n e d   so  t h a t  

(a)  when  c u r r e n t   p a s s e s   b e t w e e n   t he   e l e c t -  

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

a t   l e a s t   75%,  p r e f e r a b l y   at  l e a s t   90%, 

p a r t i c u l a r l y   a t   l e a s t   95%)  of  t he   c u r r e n t  

i s   p a r a l l e l   to   t h e   f a c e s   of  t h e   l a m i n a r  

e l e m e n t ,   a n d  

(b)  t h e   r a t i o   of  t h e   a v e r a g e   w i d t h   of  t h e  

e l e c t r o d e s ,   m e a s u r e d   p a r a l l e l   to  t h e  

f a c e s   of  t h e   l a m i n a r   e l e m e n t ,   to  t h e  



a v e r a g e   d i s t a n c e   b e t w e e n   a d j a c e n t  

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

l a m i n a r   e l e m e n t ,   i s   a t   l e a s t   0 . 0 1 : 1 .  

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

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

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

p o w e r i n g   t h e   h e a t e r   so  t h a t   i t   h e a t s   t h e   s u b s t r a t e .  

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

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

d e f i n e d   a b o v e ,   an  e l e c t r i c a l   l o a d   in  s e r i e s   w i t h   t h e  

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

o p e r a t i n g   c o n d i t i o n   in  w h i c h   t h e   d e v i c e   has   a  l o w  

r e s i s t a n c e .  

BRIEF  DESCRIPTION  OF  THE  DRAWING 

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

d r a w i n g ,   in  w h i c h  

F i g u r e   I  i s   a  p l a n   v i e w   of  a  h e a t e r   of  t h e  

i n v e n t i o n ,  

F i g u r e   2  i s   a  c r o s s - s e c t i o n   t a k e n   on  l i n e   2 - 2  

of   F i g u r e   1 ,  

F i g u r e   3  i s   a  p l a n   v i e w   of  a n o t h e r   h e a t e r   of  t h e  

i n v e n t i o n ,  

F i g u r e   4  i s   a  c r o s s - s e c t i o n   t h r o u g h   a  h e a t e r  

s i m i l a r   to   t h a t   shown  in  F i g u r e   3  b u t   h a v i n g  

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

m e m b e r s ,  

F i g u r e   5  i s   a  p l a n   v i e w   of  a n o t h e r   h e a t e r   of  t h e  

i n v e n t i o n ,  



F i g u r e   6  i s   a  p l a n   v i e w   of  a  c i r c u i t   p r o t e c t i o n  

d e v i c e   of  t h e   i n v e n t i o n ,   a n d  

F i g u r e   7  i s   a  c r o s s - s e c t i o n   t a k e n   on  l i n e   2-2  o f  

F i g u r e   1 .  

DETAILED  DESCRIPTION  OF  THE  INVENTION 

I t   i s   to  be  u n d e r s t o o d   t h a t   t h e   d e v i c e   of  t h i s  

i n v e n t i o n   can  be  p a r t   of  a  l a r g e r   d e v i c e   w h i c h   d o e s   n o t  

m e e t   t h e   d e f i n i t i o n   g i v e n   a b o v e .   Thus  t h e   i n v e n t i o n  

i n c l u d e s   f o r   e x a m p l e   a  d e v i c e   wh ich   c o m p r i s e s   (1)  a  
l a m i n a r   e l e m e n t   as  d e f i n e d   above   and  (2)  e l e c t r o d e s  

w h i c h   in  one  'or  more   a r e a s   a r e   as  d e f i n e d  a b o v e   and  i n  

one  or  more  o t h e r   a r e a s   f a i l   to  m e e t . t h e   d e f i n i t i o n  

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

a p a r t .  

The  l a m i n a r   e l e m e n t   i s   composed   of  a  PTC  c o n d u c t -  

i v e   p o l y m e r   c o m p o s i t i o n .   Many  such   c o m p o s i t i o n s   a r e  
d e s c r i b e d   in  t h e   v a r i o u s   p a t e n t s ,   p a t e n t   a p p l i c a t i o n s  

and  p u b l i c a t i o n s   r e f e r r e d   to  a b o v e .   P r e f e r r e d   c o m -  

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

b l a c k ,   or  a  m i x t u r e   of  c a r b o n   b l a c k   and  g r a p h i t e ,   as  t h e  

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

n o n - c o n d u c t i v e   f i l l e r ,   w h i c h   may  be  r e i n f o r c i n g   or  n o n -  

r e i n f o r c i n g ,   a n d / o r  a   f i l l e r   e x h i b i t i n g   n o n - l i n e a r   p r o -  

p e r t i e s .   One  or  more   of  t h e   f i l l e r s   can  be  s e l e c t e d   t o  

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

The  p o l y m e r   p r e f e r a b l y   c o m p r i s e s   a t   l e a s t   one  t h e r -  

m o p l a s t i c   c r y s t a l l i n e   p o l y m e r .   P a r t i c u l a r l y   u s e f u l  

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

p a r t i c u l a r l y   p o l y e t h y l e n e   and  the   p o l y a l k e n a m e r s  

o b t a i n e d   by  p o l y m e r i z i n g   c y c l o o l e f i n s ;   c o p o l y m e r s   of  t w o  



or   m o r e   o l e f i n s ;   and  c o p o l y m e r s   of   one  or  more  o l e f i n s ,  

e . g .   e t h y l e n e   or  p r o p y l e n e ,   w i t h   one   or   more  o l e f i n i -  

c a l l y   u n s a t u r a t e d   c o m o n o m e r s ,   p r e f e r a b l y   p o l a r   c o m o n o -  

m e r s ,   e . g .   v i n y l   a c e t a t e ,   a c r y l i c   a c i d   m e t h y l   a c r y l a t e  

and   e t h y l   a c r y l a t e .   A l s o   p a r t i c u l a r l y   u s e f u l   a r e  

f l u o r o p o l y m e r s   ( w h i c h   may  be  o l e f i n   p o l y m e r s ) ,   in  p a r -  
t i c u l a r   p o l y v i n y l i d e n e   f l u o r i d e   and  c o p o l y m e r s   of  e t h y -  

l e n e   w i t h   t e t r a f l u o r o e t h y l e n e   a n d / o r   a  p e r f l u o r o -  

c o m o n o m e r .   M i x t u r e s   of  p o l y m e r s   can   be  u s e d ,   i n c l u d i n g  

m i x t u r e s   of   t h e r m o p l a s t i c   and  a m o r p h o u s ,   e . g .   e l a s t o -  

m e r i c ,   p o l y m e r s .   The  c o n d u c t i v e   p o l y m e r   can   be  c r o s s -  

l i n k e d ,   p r e f e r a b l y   by  i r r a d i a t i o n ,   a f t e r   i t   has   been   ; 

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

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

of   t h e   l a m i n a r   e l e m e n t ,   s u c h   c r o s s - l i n k i n g   is   p r e f e r a b l y  

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

i m p r o v e d   a d h e s i o n   can   t h e r e b y   be  o b t a i n e d .   When  

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

i m p r o v e d   r e s u l t s   may  be  o b t a i n e d   by  c r o s s - l i n k i n g   a f t e r  

t h e   e l e c t r o d e s   h a v e   been   a p p l i e d .  

In  one   e m b o d i m e n t ,   t h e   d e v i c e s   of  t h e   i n v e n t i o n  

a r e   s e l f - r e g u l a t i n g   h e a t e r s ,   and  in  s u c h   h e a t e r s ,   t h e  

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

t e m p e r a t u r e   ( 2 3 ° C )  w i l l   d e p e n d   upon   t h e   d i m e n s i o n s   o f  

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

t h e   h e a t e r ,   b u t   w i l l   g e n e r a l l y   be  in  t h e   r a n g e   f rom  1 

t o   5 0 0 , 0 0 0   o h m . c m ,   eg .   100  t o   1 0 0 , 0 0 0   o h m . c m ,   p r e -  

f e r a b l y   5 - 5 0   ohm.cm  f o r   v e r y   low  v o l t a g e s   (up  to   6 

v o l t s ) ,   5 0 - 1 , 0 0 0   ohm.cm  f o r   low  v o l t a g e s   (4  to   60 

v o l t s   DC) ,   1 , 0 0 0   to   1 0 , 0 0 0   ohm.cm  f o r   n o r m a l   s u p p l y  

v o l t a g e s   of   a b o u t   110  to   240  v o l t s   AC,  and  1 0 , 0 0 0   t o  

1 0 0 , 0 0 0   o h m . c m   f o r   v o l t a g e s   of  g r e a t e r   t h a n   2 4 0  

v o l t s   A C .  



In  a n o t h e r   e m b o d i m e n t ,   t h e   d e v i c e s   of  t h e   i n v e n t i o n  

a r e   c i r c u i t   p r o t e c t i o n   d e v i c e s ,   and  in  such   d e v i c e s ,   t h e  

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

t e m p e r a t u r e   ( 2 3 ° C )   w i l l   d e p e n d   upon   t h e   d e s i r e d   c h a r a c -  

t e r i s t i c s   of  t h e   d e v i c e ,   b u t   w i l l   g e n e r a l l y   be  in  t h e  

r a n g e   f r o m   0 . 5   to   1 0 0 , 0 0 0   o h m . c m ,   p r e f e r a b l y   1 .0   to   1 0 0  

o h m . c m .   The  r e s i s t a n c e   of  t h e   d e v i c e   a t   23°C  is   p r e -  
f e r a b l y   f r o m   1  to   1 , 0 0 0 ,   e s p e c i a l l y   f rom  2  to   100  o h m s .  

The  p o l y m e r   i s   p r e f e r a b l y   m e l t - s h a p e d ,   w i t h   m e l t -  

e x t r u s i o n   u s u a l l y   b e i n g   p r e f e r r e d .   When  t h e   m e l t -  

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

c o n d u c t i v e   p a r t i c l e s   (as  d o e s   m e l t - e x t r u s i o n ) ,   t h e  

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

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

of  n o t   more   t h a n   3 0 ° ,   p r e f e r a b l y   n o t   more  t h a n   1 5 ° ,   t o )  

t h e   d i r e c t i o n   of  o r i e n t a t i o n   ( w h i c h ,   in  t h e   c a s e   o f  

m e l t - e x t r u s i o n ,   is   t he   d i r e c t i o n   of  e x t r u s i o n ) .  

The  l a m i n a r   e l e m e n t   can  be  v e r y   t h i n ,   bu t   g e n e r a l l y  

has   a  t h i c k n e s s   of  at  l e a s t   0 . 0 0 2   i n c h   ( 0 . 0 0 5   c m ) ,  

p r e f e r a b l y   a t   l e a s t   0 . 0 0 8   i n c h   ( 0 . 0 2   cm),   p a r t i c u l a r l y  

a t   l e a s t   0 . 0 1   i n c h   ( 0 . 0 2 5   cm) .   T h e r e   is  no  u p p e r   l i m i t  

on  t h e   t h i c k n e s s   of  t he   l a m i n a r   e l e m e n t ,   bu t   f o r   r e a s o n s  

of  e c o n o m y   ( and   in  some  c a s e s   f l e x i b i l i t y )   t h e   t h i c k n e s s  

of  t h e   e l e m e n t   is   g e n e r a l l y   n o t   more   t h a n   0 . 2 5   i n c h  

( 0 . 6 5 c m ) .   When,   as  is  p r e f e r r e d ,   t h e   e l e c t r o d e s   a r e  

a p p l i e d   to  t h e   same  s u r f a c e   of  t h e   e l e m e n t ,   t h e  

t h i c k n e s s   of  t h e   e l e m e n t   is   u s u a l l y   no t   more  t h a n   0 . 1  

i n c h   ( 0 . 2 5   c m ) ,   p r e f e r a b l y   no t   more   t h a n   0 . 0 5   i n c h   ( 0 . 1 3  

cm) ,   p a r t i c u l a r l y   no t   more  t h a n   0 . 0 2 5   ( 0 . 0 6   cm)  i n c h .  

An  i m p o r t a n t   f e a t u r e   of  t h e   p r e s e n t   i n v e n t i o n   i s  

t h e   s i z e   and  s p a c i n g   of  t he   e l e c t r o d e s .   The  e l e c t r o d e s  



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

same  s i d e   of  t h e   l a m i n a r   e l e m e n t ,   as  i s   p r e f e r r e d ,   or  o n  

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

r i b b o n - s h a p e d   e l e c t r o d e s   to   be  p l a c e d   on  b o t h   s u r f a c e s  

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

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

I t   i s   a l s o   p o s s i b l e   f o r   t h e   e l e c t r o d e s   to   be  w i t h i n   t h e  

t h i c k n e s s   of  t h e   c o n d u c t i v e   p o l y m e r   e l e m e n t ,   e . g .   b y  

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

p o l y m e r   e l e m e n t s ,   w h i c h   can   be  t h e   same  or  d i f f e r e n t .  

The  e l e c t r o d e s   can   be  s e c u r e d   in  or  on  t h e   l a m i n a r  

e l e m e n t   in  any  c o n v e n i e n t   way,   f o r   e x a m p l e   by  p r i n t i n g   a  

c o n d u c t i v e   i n k   o n t o   t h e   l a m i n a r   e l e m e n t   to   form  t h e  

e l e c t r o d e s ,   t h r o u g h   t h e   u s e   of  p o l y m e r   t h i c k   f i l m   t e c h -  

n o l o g y ,   by  s p u t t e r i n g ,   by  a  p r o c e s s   c o m p r i s i n g   a n  

e t c h i n g   s t e p ,   or  by  u s i n g   p r e - s h a p e d   f o i l   e l e c t r o d e s .  

The  e l e c t r o d e s   can   a l s o   be  f o r m e d   on  a  s u r f a c e   of  a n  

i n s u l a t i n g   l a m i n a r   e l e m e n t ,   f o r   e x a m p l e   by  t h e   t e c h -  

n i q u e s   n o t e d   a b o v e   or  by  e t c h i n g ,   and  t h e   c o n d u c t i v e  

p o l y m e r   can   t h e n   be  s e c u r e d   to   t h e   e l e c t r o d e s   and  t h e  

i n s u l a t i n g   l a m i n a r   e l e m e n t ,   f o r   e x a m p l e   by  l a m i n a t i n g   a  

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

l a t i n g   e l e m e n t .   The  e l e c t r o d e s   can   f o r   e x a m p l e   b e  

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

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

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

g o l d   and  n i c k e l .   E l e c t r o d e s   c o m p r i s i n g   g r a p h i t e   c a n  

a l s o   be  u s e d .  

The  r a t i o   of  t h e   a v e r a g e   w i d t h   of  t h e   e l e c t r o d e s ,  

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

t o   t h e   a v e r a g e   d i s t a n c e   b e t w e e n   a d j a c e n t   e l e c t r o d e s   b e t -  

ween  w h i c h   c u r r e n t   p a s s e s ,   m e a s u r e d   p a r a l l e l   to  t h e  



f a c e s   of  t h e   l a m i n a r   e l e m e n t ,   is  a t   l e a s t   0 . 0 1 : 1 ,  

p r e f e r a b l y   a t   l e a s t   0 . 1 : 1 ,   eg .   a b o u t   0 . 2 5 : 1 ,   w i t h   a  p r e -  
f e r r e d   u p p e r   l i m i t   of  l e s s   t h a n   1 0 : 1 ,   p a r t i c u l a r l y   l e s s  

t h a n   5 : 1 ,   e s p e c i a l l y   l e s s   t h a n   3 : 1 .   The  e l e c t r o d e s   a r e  

p r e f e r a b l y   e q u a l l y   s p a c e d   f rom  e a c h   o t h e r .   H o w e v e r ,  
v a r i a t i o n   of  t h e   d i s t a n c e   b e t w e e n   t h e   e l e c t r o d e s   i s  

p o s s i b l e   and  can  be  d e s i r a b l e .   P r e f e r a b l y   t h e   e l e c t -  

r o d e s   a r e   so  p o s i t i o n e d   and  d i m e n s i o n e d   t h a t ,   a t   a l l  

p o i n t s ,   t h e   d i s t a n c e   b e t w e e n   a d j a c e n t   e l e c t r o d e s   b e t w e e n  

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

t h e   l a m i n a r   e l e m e n t ,   i s   n o t   more  t h a n   t e n   t i m e s ,   p r e -  

f e r a b l y   n o t   more  t h a n   s i x   t i m e s ,   e s p e c i a l l y   n o t   m o r e  

t h a n   t h r e e   t i m e s   t h e   a v e r a g e   d i s t a n c e   b e t w e e n   a d j a c e n t  

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

p a r a l l e l   to   t h e   f a c e s   of  t h e   l a m i n a r   e l e m e n t .   The  t o t a l  

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

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

t h e   f a c e s   of  t h e   l a m i n a r   e l e m e n t   is  p r e f e r a b l y   a t   l e a s t  

0 . 1 : 1 .  

P r e f e r r e d   p a t t e r n s   f o r   t he   e l e c t r o d e s   i n c l u d e  
i n t e r d i g i t a t i n g   c o m b - l i k e   p a t t e r n s   of  o p p o s i t e   p o l a r -  

i t i e s ;   a  c e n t r a l   b a c k b o n e   of  one  p o l a r i t y   w i t h   t w o  

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

s i d e s   of  t h e   b a c k b o n e   and  w h i c h   b o t h   have   a  p o l a r i t y  

o p p o s i t e   to   t h e   c e n t r a l   b a c k b o n e ;   and  a  c e n t r a l   b a c k b o n e  

w i t h   two  c o m b - l i k e   p a t t e r n s   w h i c h   i n t e r d i g i t a t e   w i t h  

o p p o s i t e   s i d e s   of  t h e   b a c k b o n e   and  w h i c h   a r e   of  o p p o s i t e  

p o l a r i t y   to   e a c h   o t h e r ,   w i t h   t h e   b a c k b o n e   b e i n g   at   a n  

i n t e r m e d i a t e   v o l t a g e   when  a  DC  power   s u p p l y   is   u s e d   o r  

p r o v i d i n g   a  n e u t r a l   ( w h i c h   may  be  a  f l o a t i n g   n e u t r a l )  

when  an  AC  power   s u p p l y   is   u s e d .  

The  e l e c t r o d e s   can  be  q u i t e   t h i n   (and   in  h e a t e r s  

may  be  t h i n   e n o u g h   f o r   r e s i s t i v e   h e a t   g e n e r a t e d   by  t h e m  



t o   be  s i g n i f i c a n t )   and  when  t h i s   i s   s o ,   t h e   d e v i c e   m a y  

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

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

w h i c h   r u n   up  one  m a r g i n ,   or  up  a  c e n t e r   l i n e ,   of  t h e  

h e a t e r .   The  c o n n e c t o r s   can   be  a d d e d   a f t e r   t h e   e l e c t -  

r o d e s   h a v e   b e e n   a p p l i e d ,   or   t h e y   can   be  s e c u r e d   to   t h e  

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

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

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

e l e c t r o d e s   ( o r ,   in  p r o t e c t i o n   d e v i c e s ,   a  c o n t a i n e r  

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

e l e m e n t ) ,   in   o r d e r   to   p r o v i d e   b o t h   p h y s i c a l   a n d  

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

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

t h a t   t h e   d e v i c e s   can   be  f l e x i b l e ,   and  f o r   s u c h   u s e s ,  

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

f i l m s .   The  d e v i c e   can  a l s o   c o m p r i s e   a  c o a t i n g   of  a n  

a d h e s i v e ,   w h i c h   may  be  f o r   e x a m p l e   a  p r e s s u r e - s e n s i t i v e  

a d h e s i v e   o p t i o n a l l y   c o v e r e d   by  a  r e l e a s e   s h e e t ,   or  a n  

a d h e s i v e   w h i c h   can   be  a c t i v a t e d   by  h e a t ,   e . g .   f rom  t h e  

d e v i c e   i t s e l f .  

E s p e c i a l l y   when  t h e   d e v i c e   i s   a  h e a t e r ,   i t   can  a l s o  

c o m p r i s e ,   on  p a r t   or  a l l   of  one   or  b o t h   s u r f a c e s  

t h e r e o f ,   and   o p t i o n a l l y   e x t e n d i n g   t h e r e f r o m ,   a  t h e r m a l l y  

c o n d u c t i v e   m e m b e r ,   e . g .   a  m e t a l   f o i l   or  a  l a y e r   of  a  

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

g r a p h i t e   or   c a r b o n   f i b e r s ,   d i s p o s e d   t h e r e i n .   I f   t h e  

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

d u c t i v e ,   i t   w i l l   n o r m a l l y   be  e l e c t r i c a l l y   i n s u l a t e d   f r o m  

t h e   e l e c t r o d e s   and  t h e   c o n d u c t i v e   p o l y m e r   e l e m e n t .  

The  h e a t e r s   of  t h e   i n v e n t i o n   h a v e   a  w i d e   v a r i e t y   o f  

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



and  b i c y c l e s ,   t h e   h e a t i n g   of  e l e c t r i c a l   d e v i c e s ,   f o r  

e x a m p l e   b a t t e r i e s ,   e . g .   in  v e h i c l e s ,   t h e   h e a t i n g   o f  

p i p e s   and  t a n k s ,   t he   h e a t i n g   of  a n t e n n a s ,   and  t h e  

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

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

e l e m e n t   can  be  h e a t - r e c o v e r a b l e ,   p r e f e r a b l y   h e a t -  

s h r i n k a b l e ,   so  t h a t   when  t h e   d e v i c e   is   p o w e r e d ,   t h e  

l a m i n a r   e l e m e n t   r e c o v e r s ,   e . g .   i n t o   c o n f o r m i n g   c o n t a c t  

w i t h   an  a d j a c e n t   s u b s t r a t e .   The  e l e c t r o d e s   s h o u l d   b e  

a r r a n g e d   so  t h a t   t h e y   do  n o t   n e e d   to  c h a n g e   s h a p e   w h e n  

r e c o v e r y   t a k e s   p l a c e ,   or  s h o u l d   be  s u c h   t h a t   t h e y   c a n  

c h a n g e   s h a p e   when  r e c o v e r y   t a k e s   p l a c e ,   f o r   e x a m p l e   b y  

r e a s o n   of  a p e r t u r e s ,   s l i t s ,   c o r r u g a t i o n s   or  o t h e r   l i n e s  

of  p h y s i c a l   w e a k n e s s   in  t h o s e   p a r t s   of  t h e   e l e c t r o d e s  

w h i c h   n e e d   to   c h a n g e   s h a p e   on  r e c o v e r y .   A l t e r n a t i v e l y ,  

t h e   h e a t e r   is   n o t   in  i t s e l f   h e a t - r e c o v e r a b l e ,   b u t   i s  

s e c u r e d   to  a  h e a t - r e c o v e r a b l e   s u b s t r a t e ,   e . g .   a  h e a t -  

s h r i n k a b l e   c r o s s - l i n k e d   p o l y m e r i c   f i l m   or  o t h e r   s h a p e d  

a r t i c l e ,   h a v i n g   a  r e c o v e r y   t e m p e r a t u r e   b e l o w   t h e   t e m -  

p e r a t u r e   a t   w h i c h   t h e   h e a t e r   c o n t r o l s ,   so  t h a t   when  t h e  

h e a t e r   is   p o w e r e d ,   i t   c a u s e s   r e c o v e r y   of  t he   s u b s t r a t e ,  

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

v e r y .   A  h e a t e r   f o r   u se   in  t h i s   way  can  f o r   e x a m p l e  

c o m p r i s e   a  p l u r a l i t y   of  a p e r t u r e s   or  s l i t s   t h r o u g h   t h e  

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

h e a t e r   to   be  c h a n g e d ,   e s p e c i a l l y   when  i t   is  h o t .  

R e f e r r i n g   now  to  F i g u r e s   1  and  2,  a  l a m i n a r   PTC 

c o n d u c t i v e   p o l y m e r   e l e m e n t   11  c a r r i e s   on  one  s u r f a c e  

t h e r e o f   an  e l e c t r o d e   12  in  t h e   f o rm  of  a  c e n t r a l   b a c k -  

bone   and  i n t e r d i g i t a t i n g   c o m b - l i k e   e l e c t r o d e s   13  and  1 4 .  

S e c u r e d   on  t o p   of  e l e c t r o d e s   13  and  14  a r e   t e r m i n a t i o n  

p a d s   15  and  16  of  o p p o s i t e   p o l a r i t y .  



R e f e r r i n g   now  to   F i g u r e   3,  a  l a m i n a r   PTC  c o n d u c t i v e  

p o l y m e r   e l e m e n t   11  c a r r i e s   on  one  s u r f a c e   t h e r e o f   t h r e e  

p a r a l l e l   bus   c o n n e c t o r   s t r i p s ,   t h e   c e n t e r   c o n n e c t o r   16 

b e i n g   of   one   p o l a r i t y   and  t h e   o u t e r   c o n n e c t o r s   15  b e i n g  
of   o p p o s i t e   p o l a r i t y .   P r i n t e d   on  t o p   of  t h e   e l e m e n t   11  

and  t h e   c o n n e c t o r s   15  and  16  a r e   e l e c t r o d e s   12,  13  a n d  

14  ( t h e   e l e c t r o d e s   c o u l d   a l s o   be  p r i n t e d   as  a  c o n t i n u o u s  

p a t t e r n ,   as  in  F i g u r e   1,  i n s t e a d   of  a  s e r i e s   of  s t r i p s  
c o n n e c t e d   by  t h e   bus  c o n n e c t o r s ,   b u t   t h e   i l l u s t r a t e d  

e m b o d i m e n t   i s   more   e c o n o m i c a l ) .  

R e f e r r i n g   now  to  F i g u r e   4,  t h i s   i s   a  c r o s s - s e c t i o n   i  
t h r o u g h '   a  h e a t e r   w h i c h   has  t h e   same  e l e c t r i c a l   c o m -  

p o n e n t s   as  F i g u r e   3,  bu t   w h i c h   a l s o   i n c l u d e s   an  i n s u -  

l a t i n g   j a c k e t   17  w h i c h   s u r r o u n d s   t h e   e l e c t r i c a l  

c o m p o n e n t s   and  a  t h e r m a l l y   c o n d u c t i v e   b a s e   member  1 8 ,  

e . g .   of  m e t a l ,   w h i c h   c o m p l e t e l y   c o v e r s   one  s u r f a c e   o f  

t h e   h e a t e r   and  e x t e n d s   o u t w a r d l y   t h e r e f r o m .  

R e f e r r i n g   now  to  F i g u r e   5,  t h i s   shows   a  PTC 

c o n d u c t i v e   p o l y m e r   e l e m e n t   11  h a v i n g   p r i n t e d   on  one  s u r -  

f a c e   t h e r e o f   i n t e r d i g i t a t i n g   c o m b - l i k e   e l e c t r o d e s   12  a n d  

13.   U n d e r n e a t h   t h e   m a r g i n a l   p o r t i o n s   of  t h e   e l e c t r o d e s  

a r e   bus   c o n n e c t o r   s t r i p s   w h i c h   a r e   n o t   shown  in  t h e  

F i g u r e .  

R e f e r r i n g   now  to  F i g u r e s   6  and  7,  a  l a m i n a r   PTC 

c o n d u c t i v e   p o l y m e r   e l e m e n t   11  c a r r i e s   on  one  s u r f a c e  

t h e r e o f   i n t e r d i g i t a t i n g   c o m b - l i k e   e l e c t r o d e s   12  and  1 3 .  

The  i n v e n t i o n   i s   f u r t h e r   i l l u s t r a t e d   by  t h e  

f o l l o w i n g   E x a m p l e s .  



EXAMPLE  1 

A  d i s p e r s i o n   of  c a r b o n   b l a c k   in  an  e t h y l e n e / e t h y l  

a c r y l a t e   c o p o l y m e r   ( c o m m e r c i a l l y   a v a i l a b l e   f rom  U n i o n  

C a r b i d e   as  DHDA-7704)   was  m e l t - e x t r u d e d   i n t o   a  s h e e t  

a b o u t   0 . 0 4   cm  t h i c k   and  a b o u t   46  cm  w i d e .   The  s h e e t   w a s  
i r r a d i a t e d   to   a  d o s a g e   of  15  Mrad  and  t h e   r e s u l t i n g  
c r o s s - l i n k e d   s h e e t   was  c u t   i n t o   s a m p l e s   7 .5   x  10  cm  i n  

s i z e .  

U s i n g   a  c o m m e r c i a l l y   a v a i l a b l e   t h i c k   f i l m   i n k  

c o m p r i s i n g   s i l v e r   p a r t i c l e s   and  an  e l a s t o m e r ,   a n  

e l e c t r o d e   p a t t e r n   as  shown  in  F i g u r e   1  was  s c r e e n -  

p r i n t e d   o n t o   one  f a c e   of  a  n u m b e r   of  s a m p l e s .   The  i n k  

was  c u r e d   a t   65°C  f o r   30  m i n u t e s .   C o p p e r   f o i l   t e r -  

m i n a t i o n   p a d s   w e r e   t h e n   s e c u r e d   to   t h e - p r i n t e d  

e l e c t r o d e s ,   a g a i n   as  shown  in  F i g u r e   1,  u s i n g   a  

c o n d u c t i v e   a d h e s i v e .  

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

s e c u r i n g   c o p p e r   bus  c o n n e c t o r s ,   0 . 3 2   cm  wide   a n d  

0 . 0 0 7 5   cm  t h i c k   to   o n e  f a c e   of  t h e   l a m i n a t e ,   a n d  

t h e n   s c r e e n - p r i n t i n g   t he   e l e c t r o d e s   on  t op   of  t h e   b u s  

c o n n e c t o r s   and  t h e   l a m i n a r   e l e m e n t   ( u s i n g   t h e   same  t e c h - i  

n i q u e   as  w i t h   t h e   p r e v i o u s   s a m p l e s )   to  g i v e   a  p r o d u c t  

as  shown  i n   F i g u r e   3 .  

F i n a l l y   a  c r o s s - l i n k e d   p o l y e t h y l e n e   f i l m   was  l a m i -  

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

p o l y e t h y l e n e  f i l m   h e a t - s e a l e d   to   p r e v e n t   d e l a m i n a t i o n .  

C o n t a c t   w i t h   t h e   c o p p e r   bus  c o n n e c t o r s   or  t e r m i n a t i o n  

pads   was  made  by  c u t t i n g   a  p a t c h   f rom  t h e   i n s u l a t i n g   f i l m  

and  s o l d e r i n g   a  l e a d   to  t he   e x p o s e d   c o p p e r ,   or  by  m e a n s  

of  i n s u l a t i o n - p i e r c i n g   c l i p s .  



EXAMPLE  2 

A  c i r c u i t   p r o t e c t i o n   d e v i c e   as  i l l u s t r a t e d   i n  

F i g u r e s   6  and  7  was  made  as  f o l l o w s .   A  p i e c e   of  a l u m i -  

num  f o i l ,   0 . 0 0 5   cm  t h i c k ,   was  c u t   i n t o   two  e l e c t r o d e s   o f  

t h e   s h a p e   shown  in  F i g u r e   1,  w h i c h   w e r e   t h e n   s e c u r e d   t o  

one   f a c e   of  a  s h e e t   of  c o n d u c t i v e   p o l y m e r ,   3 . 2   x  4 .4   x  

0 . 0 5   cm  in  d i m e n s i o n s ,   by  h e a t i n g   t h e   f o i l   e l e c t r o d e s  

and  t h e   c o n d u c t i v e   p o l y m e r   s h e e t   to   1 8 0 - 2 0 0 ° C   in  a  

n i t r o g e n   gas   e n v i r o n m e n t   and  a p p l y i n g   p r e s s u r e .   T h e  

c o n d u c t i v e   p o l y m e r   had  a  r e s i s t i v i t y   of  a b o u t   4  o h m . c m  

a t   room  t e m p e r a t u r e   and  c o m p r i s e d   a b o u t   26.7%  by  v o l u m e  

of   S t a t e x   G  c a r b o n   b l a c k   d i s p e r s e d   in  a b o u t   45.9%  b y  

v o l u m e   of   M a r l e x   6003  (a  h i g h   d e n s i t y   p o l y e t h y l e n e   s o l d  

by  P h i l i p s ) .   The  c o m p o s i t i o n   was  c o n v e r t e d   i n t o   a  s h e e t  

by  e x t r u s i o n .  

The  d e v i c e ,   w h i c h   had  a  r e s i s t a n c e   a t   room  t e m -  

p e r a t u r e   of  a b o u t   1  ohm,  was  t e s t e d   by  c o n n e c t i n g   i t   i n  

s e r i e s   w i t h   an  80  v o l t   AC  p o w e r   s o u r c e   and  a  l o a d  

r e s i s t a n c e   of  a b o u t   25  ohms ,   w h i c h   r e s u l t e d   in  an  i n i -  

t i a l   c u r r e n t   of   a b o u t   3 .0   amp  p a s s i n g   t h r o u g h   t h e   d e v i c e .  

In  a b o u t   5  s e c o n d s ,   t h e   r e s i s t a n c e   of  t h e   d e v i c e   r o s e   t o  

a b o u t   210  o h m s ,   t h u s   r e d u c i n g   t h e   c u r r e n t   to   a b o u t   . 3 8 0  

a m p s .  



1.  An  e l e c t r i c a l   d e v i c e   w h i c h   c o m p r i s e s  

(1)  a  l a m i n a r   e l e m e n t   w h i c h   is   a t   l e a s t   0 . 0 0 2  

i n c h   ( 0 . 0 0 5   cm)  t h i c k   and  is   c o m p o s e d   of  a  
c o n d u c t i v e   p o l y m e r   c o m p o s i t i o n   w h i c h   ( a )  
e x h i b i t s   PTC  b e h a v i o r   and  (b)  c o m p r i s e s   a n  

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

p o l y m e r ,   a  p a r t i c u l a t e   c o n d u c t i v e   f i l l e r ;  

( 2 )   a  p l u r a l i t y   of  e l e c t r o d e s ,   a t   l e a s t   two  o f  

w h i c h   can  be  c o n n e c t e d   to  a  s o u r c e   of  e l e c t -  

r i c a l   power   to   c a u s e   c u r r e n t   to  p a s s   t h r o u g h  

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

and  p o s i t i o n e d   so  t h a t  

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

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

p a r a l l e l   to   t h e   f a c e s   of  t he   l a m i n a r  

e l e m e n t ,   a n d  

(b)  t h e   r a t i o   o f  t h e   a v e r a g e   w i d t h  o f   t h e  

e l e c t r o d e s ,   m e a s u r e d   p a r a l l e l   to   t h e  

f a c e s   of  t h e   l a m i n a r   e l e m e n t ,   to  t h e  

a v e r a g e   d i s t a n c e   b e t w e e n   a d j a c e n t  

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

t h e   l a m i n a r   e l e m e n t ,   is  at   l e a s t   0 . 0 1 : 1 .  

2.  A  d e v i c e   a c c o r d i n g   to   C l a i m   1  w h e r e i n   t h e   l a m i n a r  

e l e m e n t   has  a  t h i c k n e s s   of  0 . 0 1   to  0 .1   i n c h   ( 0 . 0 2 5   t o  

0 . 2 5   c m ) .  



3.  A  d e v i c e   a c c o r d i n g   to   C l a i m   1  or  2  w h e r e i n  

t h e   c o n d u c t i v e   p o l y m e r   c o m p o s i t i o n   has   been   m e l t -  

e x t r u d e d .  

4.   A  d e v i c e   a c c o r d i n g   t o   C l a i m   3  w h e r e i n   t h e  

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

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

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

5.   A  d e v i c e   a c c o r d i n g   to   any  one  of  c l a i m s   1  to   4 

w h e r e i n   t h e   e l e c t r o d e s   h a v e   been   p r i n t e d   on  t h e  

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

6.   A  d e v i c e   a c c o r d i n g   t o   any  one  of  c l a i m s   1  to  5 

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

b a r s   w h i c h   a r e   s p a c e d   a p a r t   f r om  e a c h   o t h e r   by  s u b s t a n -  

t i a l l y   t h e   same  d i s t a n c e .  

7 .   A  d e v i c e   a c c o r d i n g   to   a n y  o n e   of  c l a i m s   1  to  6 

w h e r e i n   t h e   r a t i o   of  t h e   a v e r a g e   w i d t h   of  t h e  

e l e c t r o d e s   to   t h e   a v e r a g e   d i s t a n c e   b e t w e e n   a d j a c e n t  

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

0 . 1 : 1 . t o   5 : 1 .  

8.  A  d e v i c e   a c c o r d i n g   to   any  one  of  c l a i m s   1  to  7 

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

r e s i s t a n c e   of  2  to   100  ohms  and  w h e r e i n   t h e   c o n d u c t i v e  

p o l y m e r   c o m p o s i t i o n   has   a  r e s i s t i v i t y   a t   23°C  o f  1   t o  

100  o h m . c m .  

9.  A  d e v i c e   a c c o r d i n g   to   any  one  of  c l a i m s   1  to  7 

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

t i v e   p o l y m e r   c o m p o s i t i o n   has   a  r e s i s t i v i t y   a t   23°C  o f  

100  to   1 0 0 , 0 0 0   o h m . c m .  

10 .   A  d e v i c e   a c c o r d i n g   to   C l a i m   9  w h i c h   a l s o   c o m p r i s e s  

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