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$y  Printed  resistor,  method  for  making  same  and  application  thereof. 

@  A  conductive  paint  made  up  of  an  adhesive,  a  diluent 
and  conductive  particles  is  applied  onto  an  insulating  sub- 
strate  (1)  according  to  a  certain  pattern  to  form  a  resistive  Qt  r 
layer  (2).  The  resistive  structure  so  formed  can  be  used  in 
electronic  and  electric  circuits,  or  as  an  electrical-thermal  ^  energy  transforming  apparatus.  '  y  
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■  —  1  ™ u « u u   tox  n a K i n g   b a n e  

And  A p p l i c a t i o n   T h e r e o f  

The  p r e s e n t   i n v e n t i o n   r e l a t e s   to   a  p r i n t e d   r e s i s t o r ,   t h e  
'  m e t h o d   f o r   m a k i n g   same  and  t h e   a p p l i c a t i o n   t h e r e o f ,   a n d  

p a r t i c u l a r l y ,   to   a  r e s i s t o r   m a n u f a c t u r e d   by  p r i n t i n g ,   t h e  
m e t h o d   f o r   m a k i n g   t h e   r e s i s t o r   and  t h e   a p p l i c a t i o n   of  t h e  

>  r e s i s t o r   to   e l e c t r o n i c   and   e l e c t r i c   c i r c u i t s .  

R e s i s t o r s   and  e l e c t r o d e s   made  of  c a r b o n   p a r t i c l e s ,   s u c h  
as  c a r b o n   r e s i s t o r s   and   c a r b o n   r o d s ,   h a v e   b e e n   c o m m o n l y   u s e d  
in  p r i o r   a r t ,   h o w e v e r ,   t h e y   a r e   u s u a l l y   made  i n t o   s e p a r a t e d  
c o m p o n e n t s   w i t h   p a r t i c u l a r   t h r e e - d i m e n s i o n a l   s t r u c t u r e s .  

0  A l t h o u g h   p r i n t e d   c i r c u i t   b o a r d s   h a v e   b e e n   w i d e l y   u s e d  
in  e l e c t r o n i c   a p p a r a t u s ,   y e t ,   t h e   p r i n t i n g   m e t h o d   in  s u c h  
u s e s   i s   m a i n l y   e m p l o y e d   to   f o rm  m e t a l   c o n d u c t i v e   p a t t e r n s .  
The  p r i n t i n g   m e t h o d   i s   a l s o   u s e d   to   m a n u f a c t u r e   t h i c k - f i l m  
d e v i c e s ,   w h e r e i n   t h e   r e s i s t o r   c o m p o n e n t s   a r e   i n v o l v e d ,   b u t  

5  t h i c k - f i l m   t e c h n i q u e s   a r e   a p p l i e d   to   m i c r o e l e c t r o n i c   c i r c u i t s  
o n l y .  

In  a d d i t i o n ,   e l e c t r i c a l -   t h e r m a l   e n e r g y   t r a n s f o r m i n g  
a p p a r a t u s   in  p r i o r   a r t   h a v e   u s u a l l y   b e e n   p r o v i d e d   w i t h   a  
r e s i s t a n c e   w i r e   as   t h e   e n e r g y   t r a n s f o r m i n g   c o m p o n e n t .   When 

'  in  o p e r a t i o n ,   h o w e v e r ,   t h e   l o c a l   t e m p e r a t u r e   n e a r   t h e  
r e s i s t a n c e   w i r e   i s   v e r y   h i g h ,   r e s u l t i n g   in   t h a t   h e a t   i s  
e m i t t e d   u n e v e n l y .   T h e r e f o r e ,   i f   a  r e l a t i v e l y   l a r g e   a r e a   i s  
d e s i r e d   to   be  h e a t e d   e v e n l y ,   a  c o m p l i c a t e d   s t r u c t u r e   w i l l   b e  
r e q u i r e d .   F u r t h e r m o r e ,   t h e   p r i c e   of  t h e   m e t a l   r e s i s t a n c e   w i r e  
i s   h i g h .  
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I  

A c c o r d i n g l y ,   i t   i s   a  main   p u r p o s e   of  t h e   p r e s e n t  

i n v e n t i o n   to   m a n u f a c t u r e   a  c e r t a i n   r e s i s t a n c e   p a t t e r n   b y  

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

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

5  c a r b o n   p a r t i c l e s ,   as  t h e   ma in   r e s i s t a n c e   m a t e r i a l ,   a n  

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

an  a d e q u a t e   d i l u e n t   f o r   k e e p i n g   t h e   p a i n t   in   p r o p e r   d i l u t i o n .  

I t   i s   a n o t h e r   p u r p o s e   of  t h e   p r e s e n t   i n v e n t i o n   t o  

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

10  an  i n s u l a t i n g   s u b s t r a t e   by  way  of  p r i n t i n g ,   or   s p r a y i n g   a  

p a i n t   made  up  of  c o n d u c t i v e   p a r t i c l e s ,   a d h e s i v e   and  t h e r e o n ,  

or   s o a k i n g   t h e   s u b s t r a t e   in  t h e   p a i n t .  

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

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

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

v o l t a g e   and  t e m p e r a t u r e   by  way  of  a d j u s t i n g   p r o p e r l y   t h e  

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

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

s u b s t r a t e ,   so  as   to   m e e t   t h e   r e q u i r e m e n t s   of  a p p l i c a t i o n   t o  

20  e l e c t r o n i c   c i r c u i t s ,   e l e c t r i c   c i r c u i t s ,   e l e c t r i a l - t h e r m a l  

e n e r g y   t r a n s f o r m i n g   a p p a r a t u s   and  t h e   l i k e .  

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

of  t h e   p r e s e n t   i n v e n t i o n   c o m p r i s e :  

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

25  p a r t i c l e s ,   c o n d u c t i v e   c o m p o u n d s *   p a r t i c l e s   and  v a r i o u s   k i n d s  

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

p a r t i c l e s   h e r e i n a f t e r ;  

a d h e s i v e   f o r   a d h e r i n g   t h e   a b o v e - d e s c r i b e d   c o n d u c t i v e  
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e  as,  r e s i n   a a n e s x v e ,   a s p h a l t ,   p l a s t i c ,  
w a t e r   g l a s s   or   p r i n t i n g   i n k ;  

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

a d h e s i v e   and   c o n d u c t i v e   p a r t i c l e s   t o   f o r m   a  c o n d u c t i v e   p a i n t ,  
5  w h i c h   c an   be  s e l e c t e d   f rom  w a t e r ,   g a s o l i n e   and  v a r i o u s   k i n d s  

of   r e s o l v e n t   to   m e e t   t h e   n e e d s   of   d i f f e r e n t   k i n d s   o f  

a d h e s i v e ;  

an  i n s u l a t i n g   s u b s t r a t e   f o r   r e c i e v l n g   t h e   a b o v e -  

d e s c r i b e d   p a i n t   t o   f o r m   a  r e s i s t a n c e   p a t t e r n   of   a  c e r t a i n  
L0  c o n f i g u r a t i o n   t h e r e o n ,   s u c h   as  p a p e r   b o a r d ,   p l a s t i c  

s u b s t r a t e ,   c e r a m i c   s u b s t r a t e ,   a s b e s t o s   b o a r d ,   g l a s s f i b e r  

b o a r d ,   p l a s t e r   t a b l e t ,   wood  b o a r d ,   c l o t h e s   and   t h e   l i k e ;  

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

p o s i t i o n   of   t h e   r e s i s t a n c e   p a t t e r n   when  n e c e s s a r y ;   a n d  
5  a  s u r f a c e   l a y e r   c o v e r i n g   one  o r   b o t h   s i d e s   of   t h e  

i n s u l a t i n g   s u b s t r a t e   f o r   t h e   p u r p o s e s   o f   i n s u l a t i n g ,   s e a l i n g  
a n d / o r   d e c o r a t i n g ,   s u c h   as  p l a s t i c   f i l m ,   i n s u l a t i n g   p a i n t ,  
g l a s s f i b e r   c l o t h e   and  t h e   l i k e .  

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

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

a)  P r e p a r e   a  c o n d u c t i v e   p a i n t   by  m i x i n g   t h e   c o n d u c t i v e  

p a r t i c l e s ,   a d h e s i v e   and  d i l u e n t   in   a  c e r t a i n   r a t i o .   T h e  
1  c o n d u c t i v e   p a r t i c l e s   in  t h e   p a i n t   can   be  one  k i n d   o f  

m a t e r i a l ,   s u c h   as  c a r b o n ,   or   a  c o m b i n a t i o n   of   d i f f e r e n t   k i n d s  
of   m a t e r i a l s ,   s u c h   as  c a r b o n   and  m e t a l   p a r t i c l e s .   C h a n g i n g  
t h e   c o m p o n e n t s   of   t h e   c o n d u c t i v e   p a r t i c l e s   o r   t h e   r a t i o   o f  
t h e   c o n d u c t i v e   p a r t i c l e s   in   t h e   p a i n t   w i l l   r e s u l t   in   t h e  
c h a n g e   of   t h e   r e s i s t i v i t y   of  t h e   r e s i s t a n c e   p a t t e r n   f i n a l l y  



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

a d h e s 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   to   t h e   i n s u l a t i n g  

s u b s t r a t e ,   and  t h e   r a t i o   of  t h e   a d h e s i v e   in  t h e   p a i n t   w i l l  

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

>  f o r m e d .   The  d i l u e n t   i s   e m p l o y e d   '  to   k e e p   t h e   p a i n t   in   p r o p e r  

d i l u t i o n   in  o r d e r   to  mee t   t h e   r e q u i r e m e n t s   of  t h e   p r i n t i n g  

m e t h o d   s e l e c t e d .   S i n c e   a l l   of  t h e   d i l u e n t   w i l l   f i n a l l y  

e v a p o r a t e ,   i t   d o e s   no t   a f f e c t   t h e   r e s i s t i v i t y   of  t h e  

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

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

p a t t e r n ,   i t   p r o d u c e s   an  i n d i r e c t   e f f e c t   on  t h e   r e s i s t a n c e  

v a l u e   of  t h e   p r i n t e d   r e s i s t o r .   When  w a t e r   i s   u s e d   as  t h e  

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

s t o n e   or  w h i t e   c e m e n t ,   can   be  a d d e d   to   t h e   p a i n t .  

L5  b)  Make  t h e   i n s u l a t i n g   s u b s t r a t e   i n t o   a  c e r t a i n   s i z e  

and  s h a p e   so  t h a t   t h e   p r e p a r e d   p a i n t   can  be  a p p l i e d   t h e r e t o  

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

c)  Form  t h e   c o n f i g u r a t i o n   a c c o r d i n g   to   d i f f e r e n t  

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

20  s e l e c t e d   m e t h o d   can   be  p r i n t i n g ,   s p r a y i n g   or  s o a k i n g .   When 

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

or  t h e   s c r e e n   p a t t e r n   s h a l l   be  p r e - p r e p a r e d   a c c o r d i n g   t o  

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

c h o s e n ,   a  mask   p a t t e r n   s h a l l   be  f o r m e d   on  t h e   i n s u l a t i n g  

25  s u b s t r a t e   by  u s i n g   an  a d e q u a t e   k i n d   of  m a t e r i a l ,   s u c h   as  w a x  

or  p a i n t ,   a c c o r d i n g   to   t h e   d e s i r e d   c o n f i g u r a t i o n .   When  t h e  

s p r a y i n g   m e t h o d   i s   u s e d ,   a  mask   b o a r d   s h a l l   be  p r e p a r e d  

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

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

d i s t r i b u t i o n   on  t h e   s u b s t r a t e .   The  c o n f i g u r a t i o n   can   b e  

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

c u r v e   l i n e ,   and  d i f f e r e n t   v a l u e s   of   r e s i s t a n c e   can   be  r e a c h e d  

5  by  v a r y i n g   t h e   l e n g t h   and  w i d t h   of   t h e   c o n d u c t i v e   s t r i p   a s  

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

to   c h a n g e   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   s t r i p .  

d)  Form  m e t a l   e l e c t r o d e s   as  c o n n e c t o r s ,   b e f o r e   or   a f t e r  

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

10  t h e   r e s i s t a n c e   p a t t e r n   on  t h e   s u b s t r a t e   by  way  of   a d h e r i n g  

t h i n   m e t a l   s h e e t s   o n t o   t h e   a p p o i n t e d   p o s i t i o n s ,   or   by  u s i n g  

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

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

m o r e .  

15  e)  E m p l o y   an  a d e q u a t e   m e t h o d   to   a p p l y   t h e   c o n d u c t i v e  

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

in  S t e p   b)  a c c o r d i n g   to   t h e   c o n f i g u r a t i o n   f o r m e d   in  S t e p   c )  

so  as  to   f o r m   t h e   d e s i r e d   r e s i s t a n c e   p a t t e r n .   The  r e s i s t a n c e  

p a t t e r n   can   be  f o r m e d   on  one  s i d e   as   w e l l   as  on  b o t h   s i d e s  

50  of   t h e   i n s u l a t i n g   s u b s t r a t e .  

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

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

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

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

!5  of   t h e   s u b s t r a t e   and  t h e   a p p l y i n g   of   t h e   p a i n t   can   b e  

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

g)  P a c k a g e   t h e   s u b s t r a t e   as  r e q u i r e d   by  t h e   p r a c t i c a l  

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

f i l m   or   g l a s s f i b e r   c l o t h e   to   t h e   r e s i s t a n c e   p a t t e r n   a f t e r   i t  
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i s   f o r m e d   on  t h e   s u b s t r a t e   so  as  to   g e t   t h e   e f f e c t s   o f  

s e a l i n g ,   i n s u l a t i n g   a n d / o r   d e c o r a t i n g .  

The  p r i n t e d   r e s i s t o r   a c c o r d i n g   to   t h e   p r e s e n t   i n v e n t i o n ,  

as  t h e   t e r m   i s   u s e d ,   i n c l u d e s   a l l '   t h e   r e s i s t o r s   m a n u f a c t u r e d  

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

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

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

i n v e n t i o n   p r e s e n t   t h e m s e l v e s   in   t h a t  

many  k i n d s   of  raw  m a t e r i a l s   t h a t   c o s t   l i t t l e   a r e  

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

r e s i s t o r   to   mee t   t h e   r e q u i r e m e n t s   of   d i f f e r e n t   u s e s   a n d  

e n v i r o n m e n t s ;  

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

e a s y   to   c a r r y   ou t   and  i s   s u i t a b l e   f o r   l a r g e - s c a l e  

15  m a n u f a c t u r i n g ;  

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

and  s h a p e   of  t h e   i n s u l a t i n g   s u b s t r a t e   can   h a v e   v a r i o u s  

d e s i g n s   to   m e e t   t h e   r e q u i r e m e n t s   of  d i f f e r e n t   u s e s ,  

t h e r e f o r e ,   t h e   p r i n t e d   r e s i s t o r   of  t h e   p r e s e n t   i n v e n t i o n  

20  e n a b l e s   i t s e l f   to   be  u s e d   w i d e l y ;  

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

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

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

i s   a b l e   to   s e r v e   as  an  e l e c t r i c a l - t h e r m a l   e n e r g y   t r a n s f o r m i n g  

25  a p p a r a t u s ;   and  in  t h a t  

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

p r i n t e d   r e s i s t o r   m a n u f a c t u r e d   to   be  d e c o r a t e d   on  i t s   s u r f a c e  

w i t h   d i f f e r e n t   c o l o r s   and  p a t t e r n s .  
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F u r t h e r   a d v a n t a g e s   and  a c t i v e   e f f e c t s   of   t h e   p r e s e n t  

i n v e n t i o n   s h a l l   come  to   l i g h t   as  t h e   e m b o d i m e n t s   of   t h e  

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

a c c o m p a n y i n g   d r a w i n g s ,   in  w h i c h :  

5  F i g .   1A  i s   a  p l a n e   v i e w   s h o w i n g   t h e   p r i n t e d   r e s i s t o r  

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

i n v e n t i o n ;  

F i g .   IB  i s   a  s e c t i o n   v i e w   of   t h e   p r i n t e d   r e s i s t o r   t a k e n  

a l o n g   L i n e   IB-   IB  as  shown  in  F i g .   1A;  

10  F i g .   2  i s   a  d i a g r a m   s h o w i n g   an  e x e m p l a r y   r e s i s t a n c e  

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

b a l l a s t   ;  a n d  

F i g .   3  i s   a  d i a g r a m   s h o w i n g   t h e   . p r i n t e d   r e s i s t o r  

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

15  a r r a y   or   as  an  e l e c t r i c a l - t h e r m a l   e n e r g y   t r a n s f o r m i n g  

a p p a r a t u s   . 

F i g .   1A  shows   t h e   p r i n t e d   r e s i s t o r   m a n u f a c t u r e d  

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

n u m e r a l   1  i n d i c a t e s   t h e   i n s u l a t i n g   s u b s t r a t e ;   n u m e r a l   2 

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

c o n d u c t i v e   p a i n t   of  t h e   p r e s e n t   i n v e n t i o n ;   n u m e r a l   3 

i n d i c a t e s   t h e   m e t a l   e l e c t r o d e s ,   and  and  C 2 r e p r e s e n t   t w o  

c o n n e c t o r s   of  t h e   r e s i s t o r ,   r e s p e c t i v e l y .   F i g .   IB  i s   a  

s e c t i o n   v i e w   t a k e n   a l o n g   L i n e   IB-  IB  in   F i g .   1A,  w h e r e i n  

15  n u m e r a l   4  i n d i c a t e s   t h e   p a c k a g i n g   l a y e r   c o v e r i n g   t h e   p r i n t e d  

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

i n s u l a t i n g ,   s e a l i n g ,   a n d / o r   d e c o r a t i n g .  

The  r e s i s t a n c e   v a l u e   b e t w e e n   C.  and  C,  of  t h e   p r i n t e d  
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r e s i s t o r   in   F i g .   1A  d e p e n d s   on  t h e   c o m p o s i t i o n   of  t h e  

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

r e s i s t a n c e   p a t t e r n .   I f   t h e   c o n d u c t i v e   p a i n t   i s   made  up  o f  

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

5  c o m p o n e n t s   i s   as  f o l l o w s :  

g r a p h i t e :   w a t e r   g l a s s :   w a t e r   =2.  5 ( g )   :  1 .5   (ml)   :  2.  5  ( m l ) .  

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

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

f o r m i n g   t h e r e o n   a  r e s i s t a n c e   p a t t e r n   w i t h   a  l e n g t h   of  200  c m ,  

10  a  w i d t h   of  4 . 5   cm  and  a  t h i c k n e s s   of  0 . 0 5   mm. 

An  a l u m i n i u m   s h e e t   i s   a t t a c h e d   to   e a c h   end  of  t h e  

r e s i s t a n c e   p a t t e r n   as  a  c o n n e c t o r ,   and  t h e   a c t u a l   r e s i s t a n c e  

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

i s   in  t h e   o r d e r   of  2 . 5   k  Si  .  I t   i s   u n d e r s t a n d a b l e   t h a t  

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

r e d u c i n g   t h e   r a t i o   of   t h e   g r a p h i t e   or  p a r t i a l l y   r e p l a c i n g   t h e  

g r a p h i t e   by  i n s u l a t i n g   p a r t i c l e s   s u c h   as  p l a s t e r   s t o n e ,   w h i t e  

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

i n c r e a s i n g   t h e   r a t i o   of   t h e   g r a p h i t e   or   a d d i n g   some  o t h e r  

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

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

t h e   r e s i s t a n c e   p a t t e r n ,   s u c h   as  t h a t   of  t h e   l e n g t h ,   w i d t h   a n d  

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

in  p r a c t i c e ,   t h e   t h i c k n e s s   of  t h e   r e s i s t a n c e   p a t t e r n   can   b e  

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

t h e   same  p a t t e r n .   The  r e s i s t a n c e   v a l u e   can   t h e n   be  v a r i e d  

s i g n i f i c a n t l y   w i t h   t h e   s i z e   of  t h e   a r e a   c o v e r e d   by  t h e  

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

s i t u a t i o n s ,   t h e   p r i n t e d   r e s i s t o r   can   be  f o r m e d   on  b o t h   s i d e s  
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of  t h e   i n s u l a t i n g   s u b s t r a t e .  

The  p r i n t e d   r e s i s t o r   shown  in  F i g .   1A  can   be  u s e d   as  a  

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

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

5  b o a r d   or   c o n n e c t i o n   b o a r d   to   r e p l a c e   t h e   c o n v e n t i o n a l  

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

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

d i f f e r e n t   r e s i s t a n c e   v a l u e s   can   be  m a n u f a c t u r e d   on  t h e   s a m e  

c i r c u i t   b o a r d   by  c h a n g i n g   t h e   c o n f i g u r a t i o n   of   t h e   r e s i s t a n c e  

10  p a t t e r n   a n d / o r   by  a p p l y i n g   r e p e a t e d l y   t h e   c o n d u c t i v e   p a i n t s  

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

c h r o m a t o g r a p h   m e t h o d   in   p r i n t i n g   t e c h n i q u e s ) .  

F i g .   2  s h o w s   a n o t h e r   e m b o d i m e n t   of  t h e   p r e s e n t  

i n v e n t i o n .   The  d e s i g n   of   t h e   c o n f i g u r a t i o n   shown  in  F i g .   2 

L5  can   r e a c h   a  r e l a t i v e l y   l a r g e   r e s i s t a n c e   v a l u e   in  a  r e l a t i v e l y  

s m a l l   a r e a .   The  p r i n t e d   r e s i s t o r   shown  in  F i g .   2  can  be  u s e d  

as  a  f l u o r e s c e n t   lamp  b a l l a s t   t o   r e p l a c e   t h e   c o n v e n t i o n a l  

i n d u c t i v e   b a l l a s t   or   r e s i s t i v e - c a p a c i t i v e   b a l l a s t .  

Fxg .   3  shows   y e t   a n o t h e r   e m b o d i m e n t   of  t h e   p r e s e n t  

20  i n v e n t i o n ,   w h e r e i n   t o   Cg  a r e   s i x   m e t a l   c o n n e c t o r s   l o c a t e d  

at   d i f f e r e n t   p o s i t i o n s .   D i f f e r e n t   r e s i s t a n c e   v a l u e s   can   b e  

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

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

and  C2  ( e x c e p t   open   c i r c u i t )   can   be  o b t a i n e d   when  C3  a n d  

15  C4  a r e   s h o r t   c o n n e c t e d ,   and  i f   to   C4  a r e   s h o r t   c o n n e c t e d  

t o g e t h e r   as  one  t e r m i n a l ,   and  C5  and  Cg  a r e   s h o r t   c o n n e c t e d  

t o g e t h e r   as  t h e   o t h e r   t e r m i n a l ,   t h e   e q u i v a l e n t   r e s i s t a n c e  
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,  v a l u e   b e t w e e n   t h e   two  t e r m i n a l s   w i l l   be  t h e   s m a l l e s t   ( e x c e p t  

s h o r t   o u t   )  .  I t   w i l l   be  v e r y   c o n v e n i e n t   to   ge t   v a r i o u s  

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

and  a r r a n g e m e n t s   of  t h e   c o n n e c t o r s   s i m i l a r   to   t h a t   shown  i n  

5  F i g .   3.  S i n c e   t h e   r e s i s t a n c e   v a l u e   of  t h e   p r i n t e d   r e s i s t o r  

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

an  a c c u r a t e   d e s i g n   of  t he   c o n f i g u r a t i o n   and  e v e n   a p p l y i n g  

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

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

10  a r r a y s   when  c o n n e c t e d   by  d i f f e r e n t   w a y s .  

The  s t r u c t u r e   shown  in  F i g .   3  can   be  u s e d   c o n v e n i e n t l y  

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

( c a l l e d   as  e l e c t r i c a l - t h e r m a l   a p p a r a t u s   h e r e i n a f t e r ) .   As  t h e  

p r i n t e d   r e s i s t o r   has   a  r e l a t i v e l y   l a r g e   a r e a   of  h e a t  

15  r a d i a t i o n ,   an  e v e n   r a d i a t i o n   of   h e a t   in   a  r e l a t i v e l y   l a r g e  

a r e a   can  be  r e a l i z e d   by  a r r a n g i n g   a d e q u a t e l y   t h e   r e s i s t a n c e  

p a t t e r n   on  t h e   i n s u l a t i n g   s u b s t r a t e   w h i l e   t h e   h e a t  

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

a v o i d e d .   M o r e o v e r ,   i f   a  t h i n   s u b s t r a t e   i s   u s e d   to   f o r m  

20  r e s i s t a n c e   p a t t e r n s   in   s t a g g e r e d   p o s i t i o n s   on  b o t h   s i d e s   o f  

i t ,   t h e r e   can   be  o b t a i n e d   on  t h e   w h o l e   s u b s t r a t e   a  h i g h l y  

even   e l e c t r i c a l - t h e r m a l   e n e r g y   t r a n s f o r m i n g .   The  l o c a l  

t e m p e r a t u r e   of   t h e   s u b s t r a t e   w i l l   n o t   be  h i g h   ( b e l o w   5 0 ° C )  

due  to   l i t t l e   h e a t   a c c u m u l a t i o n   on  t h e   s u b s t r a t e   e v e n   i f   t h e  

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

l a r g e ,   t h e r e f o r e   to   b u i l d   s u c h   an  a p p a r a t u s   d o e s   no t   d e m a n d  

much  f o r   t h e   p a r t   of  t h e   m a t e r i a l s   to   be  u s e d .   When  i n  

p r a c t i c a l   u s e s   t h a t   demand   a  h i g h e r   t e m p e r a t u r e ,   a  h e a t -  

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

t a b l e t   or  g l a s s f i b e r   b o a r d   can   be  e m p l o y e d   and  s e v e r a l   l a y e r s  

(  of  t h e   p r i n t e d   r e s i s t o r s   can   be  l a m i n a t e d   t o g e t h e r   to   r e a c h  

a  r e l a t i v e l y   h i g h e r   t e m p e r a t u r e   ( b e t w e e n   5 0 ° - 2 0 0 ° C ) .  

5  F u r t h e r m o r e ,   t h e   p o w e r   r a t e   of  s u c h   an  a p p a r a t u s   can  b e  

c o n v e n i e n t l y   v a r i e d   f r o m   t i m e   to   t i m e   by  v a r y i n g   t h e  

c o n n e c t i o n s   b e t w e e n   d i f f e r e n t   c o n n e c t o r s .   The  e l e c t r i c a l -  

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

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

10  be  u s e d   to   m a i n t a i n   a  c o n s t a n t   w o r k i n g   t e m p e r a t u r e   f o r   a  

p r e c i s i o n   i n s t r u m e n t   w o r k i n g   in   a  v e r y   c o l d   e n v i r o n m e n t ,   t o  

r e p l a c e   e l e c t r i c   s t o v e s   f o r   h o u s e - w a r m i n g ,   to   be  made  i n t o  

a  b a k e   o v e n ,   b a k i n g   b o x ,   d r y i n g   room  or   to   be  u s e d   in  a  

l a b o r a t o r y   or  room  t h a t   has   s t r i c t   '  r e q u i r e m e n t s   o f  

15  e n v i r o n m e n t a l   t e m p e r a t u r e s .   T h i s   e m b o d i m e n t   of  t h e   p r e s e n t  

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

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

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

r o o m ,   so  as  to   f u r t h e r   r e d u c e   t h e   m a n u f a c t u r e   and  i n s t a l l l a -  

20  t i o n   c o s t .  

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

t e m p e r a t u r e ,   q u i c k   h e a t   r a d i a t i o n   and  l i t t l e   h e a t   a c u m u l a -  

t i o n , ,   no t   o n l y   i n s u l a t i n g   and  s e a l i n g   of  t h e   s u r f a c e   can  b e  

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

25  d i f f e r e n t   ways  and  m a t e r i a l s   w i t h   v a r i o n u s   c o l o u r s   a n d  

p a t t e r n s   can   be  r e a l i z e d   s a t i s f y i n g l y .   In  t h i s   way,   t h e  

a p p a r a t u s   s e r v e s   as  a  means   f o r   h o u s e - w a r m i n g   as  w e l l   a s  

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

The  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   of   t h e   p r e s e n t   i n v e n t i o n  

a r e   o n l y   u s e d   as  e x e m p l a r y   i l l u s t r a t i o n s .   I t   i s   n o t  
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d i f f i c u l t   f o r   t h o s e   s k i l l e d   in  t h e   a r t   to   make  v a r i o u s  

m o d i f i c a t i o n s   and  a m e n d m e n t s   to   t h e s e   e m b o d i m e n t s ,   t h e   s c o p e  

of  t h e   p r e s e n t   i n v e n t i o n   i s   d e t e r m i n e d   by  t h e   a t t a c h e d  

c l a i m s   . 
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C l a i m s  

1.  A  m e t h o d   f o r   m a n u f a c t u r i n g   r e s i s t o r s ,   c h a r a c t e r i z e d   b y  

c o m p r i s i n g   t h e   s t e p s   o f :  

(1)   p r e p a r i n g   a  c o n d u c t i v e   p a i n t   by  m i x i n g   c o n d u c t i v e  

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

5  (2)   m a k i n g   an  i n s u l a t i n g   s u b s t r a t e ;  

(3)   a p p l y i n g   s a i d   p a i n t   o n t o   s a i d   s u b s t r a t e   a c c o r d i n g  

to   a  p r e d e t e r m i n e d   p a t t e r n ;   a n d  

(4)   f o r m i n g   a  p l u r a l i t y   of   m e t a l   c o n n e c t o r s   a t  

p r e d e t e r m i n e d   p o s i t i o n s   on  s a i d   p a t t e r n .  

10  2.  A  m e t h o d   a c c o r d i n g   to   c l a i m   1,  f u r t h e r   c o m p r i s i n g   t h e  

s t e p   o f :  

(  5  )  c o v e r i n g   s a i d   p a t t e r n   w i t h   a  p a c k a g i n g   l a y e r   o f  

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

3.  A  m e t h o d   a c c o r d i n g   to   c l a i m   1,  f u r t h e r   c o m p r i s i n g   t h e  

15  s t e p   o f :  

(6)   m a k i n g   s a i d   s u b s t r a t e   i n t o   a  p r e d e t e r m i n e d   s h a p e ,  

w h i c h   can  be  p e r f o r m e d   b e f o r e   or   s i m u t a n e o u s l y   w i t h   S t e p   3 ) ,  

or  a f t e r   S t e p   3)  b u t   b e f o r e   s a i d   p a i n t   d r i e s .  

4.  A  m e t h o d   a c c o r d i n g   to   c l a i m   1,  w h e r e i n   s a i d   p a i n t -  

20  a p p l y i n g   in  S t e p   3)  can   be  done   by  p r i n t i n g ,   s p r a y i n g   o r  

s o a k i n g .  

5.  A.  m e t h o d   a c c o r d i n g   to   c l a i m   2,  f u r t h e r   c o m p r i s i n g   t h e  

s t e p   o f :  

(7)   d e c o r a t i n g   t h e   s u r f a c   of  s a i d   p a c k a g i n g   l a y e r   b y  

25  p r i n t i n g   or   s p r a y i n g .  

6.  A  m e t h o d   a c c o r d i n g   to   c l a i m   1,  w h e r e i n   s a i d   S t e p s   3)  a n d  

4)  a r e   p e r f o r m e d   on  b o t h   s i d e s   of  s a i d   s u b s t r a t e .  

7.  A  r e s i s t o r   c o m p r i s i n g  
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mx^Luxe   ox  c o n d u c t i v e   p a r t i c l e s   and  a d h e s i v e ,  

c h a r a c t e r i z e d   in  t h a t   s a i d   m i x t u r e   (2)  i s   a t t a c h e d   to   a n  

i n s u l a t i n g   s u b s t r a t e   (1)  accord ing   to  a  p r ede t e rmined   p a t t e r n   t o  

fo rm  a  c o n d u c t i v e   l a y e r ,   and  a  p l u r a l i t y   of  m e t a l   connec to r s   (3)  
5  a r e   f o r m e d   a t   p r e d e t e r m i n e d   p o s i t i o n s   on  s a i d   c o n d u c t i v e  

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

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

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

8.  A  r e s i s t o r   a c c o r d i n g   to  c l a i m   7,  w h e r e i n   s a i d   c o n d u c t i v e  

10  p a r t i c l e s   a r e   c a r b o n   p a r t i c l e s ,   m e t a l   p a r t i c l e s   or   t h e i r  

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

w a t e r g l a s s .  

9.  A  r e s i s t o r   a c c o r d i n g   to   c l a i m   7,  f u r t h e r   c o m p r i s i n g :  

a  p a c k a g i n g   l a y e r   (4)  o v e r   s a i d   s u b s t r a t e   and  s a i d  

L5  c o n d u c t i v e   l a y e r .  

10.  An  e l e c t r i c a l - t h e r m a l   e n e r g y   t r a n s f o r m i n g   a p p a r a t u s ,  

c h a r a c t e r i z e d   by  c o m p r i s i n g :  

( 1 )   an  i n s u l a t i n g   s u b s t r a t e   (  1  )  ; 

( 2 )   a  r e s i s t i v e   l a y e r   (2)  formed  on  s a i d   s u b s t r a t e   b y  

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

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

( 3 )   a  p l u r a l i t y   of  m e t a l   c o n n e c t o r s   (3)  formed  at  c e r t a i n  

p o s i t i o n s   on  s a i d   r e s i s t i v e   l a y e r ;  

w h e r e b y   s a i d   r e s i s t i v e   l a y e r   r a d i a t e s   h e a t   e v e n l y   w h e n  

5  s a i d   m e t a l   c o n n c e t o r s   a r e   c o n n e c t e d   to   an  e l e c t r i c   s o u r c e .  

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

a c c o r d i n g   to  c l a i m   10,  w h e r e i n   s a i d   conduc t ive   layer   i s   f o r m e d  

on  b o t h   s i d e s   of  s a i d   s u b s t r a t e   a c c o r d i n g   to   p a t t e r n s  

a r r a n g e d   in  a  s t a g g e r e d   m a n n e r .  
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12.  An  e l e c t r i c a l - t h e r m a l   e n e r g y   t r a n s f o r m i n g   a p p a r a t u s  

a c c o r d i n g   to   c l a i m   10,  w h e r e i n   s a i d   r e s i s t i v e   l a y e r   (2)  i s  

f o r m e d   on  one  s i d e   of  s a i d   s u b s t r a t e   ( 1 ) .  

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

>  a c c o r d i n g   to   c l a i m   10,  w h e r e i n   s a i d   s u b s t r a t e   w i t h   s a i d  

r e s i s t i v e   l a y e r   t h e r e o n   i s   made  i n t o   a  d e s i r e d   s h a p e .  

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

a c c o r d i n g   to   c l a i m   10,  w h e r e i n   s a i d   m e t a l   c o n n e c t o r s   a r e   a t  

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

L0  c o n n c e t o r s   w i l l   c h a n g e   t h e   w o r k i n g   p o w e r   r a t e   of  s a i d  

a p p a r a t u s   . 

15.  A  f l u o r e s c e n t   lamp  b a l l a s t ,   c h a r a c t e r i z e d   by  c o m p r i s i n g :  

( 1 )   an  i n s u l a t i n g   s u b s t r a t e ;  

( 2 )   a  r e s i s t i v e   l a y e r   f o r m e d   on  s a i d   s u b s t r a t e   b y  

15  a p p l y i n g   a c c o r d i n g   to   a  c e r t a i n   p a t t e r n   of  c o n d u c t i v e  

p a r t i c l e s   and  a d h e s i v e   t h e r e o n ;   a n d  

( 3 )   a  p l a u r a l i t y   of  m e t a l   c o n n e c t o r s   f o r m e d   a t   c e r t a i n  

p o s i t i o n s   on  s a i d   r e s i s t i v e   l a y e r .  

16.  A  f l u o r e s c e n t   l amp  b a l l a s t   a c c o r d i n g   to   c l a i m   1 5 ,  

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

a d h e s i v e   i s   w a t e r g l a s s .  

17.  A  f l u o r e s c e n t   l amp  b a l l a s t   a c c o r d i n g   to   c l a i m   1 5 ,  

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

18.  A  f l u o r e s c e n t   lamp  b a l l a s t   a c c o r d i n g   to   c l a i m   1 7 ,  

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

c o l o r s   . 
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