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Method  of  producing  thick  film  resistor  element  of  accurate  resistance. 
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in  producing  a  thick  film  resistor  element  (12)  having  a 
predetermined  resistance  by  the  steps  of  applying  a 
conducting  paste  to  a  substrate  (10)  to  form  a  desirably 
patterned  paste  layer  and  then  firing  the  substrate  (10)  to 
sinter  the  metal  powder  contained  in  the  applied  paste,  the 
paste-applying  and  firing  steps  are  performed  such  that  the 
sintered  thick  film  (12)  has  a  provisional  resistance  lower 
than,  e.g.  70-85%  of,  the  predetermined  resistance,  and  an 
alternating  voltage  which  is  higher  than  a  maximum  voltage 
to  be  applied  to  the  thick  film  resistor  element  (12)  in  its 
practical  use  is  applied  to  the  sintered  thick  film  (12)  so  as 
to  increase  its  resistance  up  to  the  predetermined 
resistance.  By  this  method  the  percentage  of  acceptable 
products  in  mass  production  can  be  greatly  increased. 
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BACKGROUND  OF  THE  INVENTION 

This  i n v e n t i o n   r e l a t e s   to  a  method  of  p r o d u c i n g  

a  t h i c k   f i lm  t h a t   s e r v e s   as  a  r e s i s t i v e   e l e m e n t   on 

an  i n s u l a t i n g   s u b s t r a t e   by  a p p l y i n g   a  p a s t e   c o n t a i n i n g  

a  powder  of  a  r e s i s t o r   m a t e r i a l   onto  the  s u r f a c e   o f  

the  s u b s t r a t e   to  form  a  p a s t e   l a y e r   and  then  f i r i n g  

the  s u b s t r a t e  t o   s i n t e r   the  r e s i s t o r   m a t e r i a l   c o n t a i n e d  

in  the  a p p l i e d   p a s t e ,   and  more  p a r t i c u l a r l y   to  a  t e c h n i q u e  

to  enhance   a c c u r a c y   of  the  r e s i s t a n c e   of  the  s i n t e r e d  

t h i c k   f i lm   p r o d u c e d   by  t h i s   m e t h o d .  

Thick  f i lm  r e s i s t o r   e l e m e n t s   of  the  above  m e n t i o n e d  

type  are  formed  l a r g e l y   as  b a s i c   e l e m e n t s   of  h y d r i d  

i n t e g r a t e d   c i r c u i t s ,   but  a l s o   t h e y  a r e   u t i l i z e d   i n  

some  o t h e r   e l e c t r i c   or  e l e c t r o n i c   d e v i c e s   o t h e r   t h a n  

i n t e g r a t e d   c i r c u i t s .   As  a  s p e c i f i c   example ,   an  o x y g e n  

s e n s o r   e l emen t   of  the  s o l i d   e l e c t r o l y t e   c o n c e n t r a t i o n  

c e l l   type  r e c e n t l y   used  in  a u t o m o b i l e s   i n c l u d e s   a  t h i c k .  

f i lm  r e s i s t o r   as  a  h e a t - g e n e r a t i n g   means  for   m a i n t a i n i n g  

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

In  the  p r e s e n t   a p p l i c a t i o n   the  term  " t h i c k   f i l m "  

is  used  in  the  sense   of  a  f i lm  t h i c k e r   than  abou t   1  µ m ,  

as  is  c u s t o m a r y   in  the  c u r r e n t   e l e c t r o n i c   t e c h n o l o g y .  



There  is  no  s t r i c t   upper   l i m i t   to  the  t h i c k n e s s   o f  

the  f i l m .   The  t h i c k n e s s   may  r e a c h   t ens   of  m i c r o n s .  

A  t h i c k   f i lm  to  s e r v e   as  a  r e s i s t i v e   e l e m e n t   i s  

u s u a l l y   formed  by  a  p r i n t i n g - a n d - f i r i n g   method  u s i n g  

a  p a s t e   c o n t a i n i n g   a  powder  of  an  e l e c t r o n i c a l l y   c o n d u c t i n g  

r e s i s t o r   m a t e r i a l   such  as  a  nob le   me ta l   powder .   The 

f i r s t   s t ep   of  t h i s   method  is  to  p r i n t   the  p a s t e   a d j u s t e d  

to  a  s u i t a b l e   v i s c o s i t y   onto  a  major   s u r f a c e   of  a n  

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

is  employed  to  form  a  d e s i r a b l y   p a t t e r n e d   p a s t e   l a y e r .  

A f t e r   d r y i n g   of  the  p r i n t e d   p a s t e   l a y e r   to  e v a p o r a t e  

the  l i q u i d   component   of  the  p a s t e ,   the  s u b s t r a t e   i s  

f i r e d   so  as  to  a c h i e v e   s i n t e r i n g   of  the  r e s i s t o r   m a t e r i a l  

c o n t a i n e d   in  the  p a s t e   l a y e r .   The  s i n t e r e d   p o w d e r  

of  the  r e s i s t o r   m a t e r i a l   c o n s t i t u t e s   a  t h i c k   f i lm  w h i c h  

may  be  m i c r o s c o p i c a l l y   po rous   but  a d h e r e s   f i r m l y   t o  

the  s u r f a c e   of  the  s u b s t r a t e .  

To  o b t a i n   a  t h i c k   f i lm  of  t h i s   c a t e g o r y   wi th   a  

r e s i s t a n c e   va lue   a c c u r a t e l y   as  i n t e n d e d ,   i t   is  i m p o r t a n t  

to  s t r i c t l y   c o n t r o l   the  t h i c k n e s s   of  the  p a s t e   l a y e r  

formed  by  the  s c r e e n - p r i n t i n g   p r o c e s s .   That  i s ,  t h e  

r e s i s t a n c e   of  the  s i n t e r e d   t h i c k   f i lm   depends   g r e a t l y  

on  the  t h i c k n e s s   of  the  p r i n t e d   p a s t e   l a y e r .   T h e r e f o r e ,  

not  only  the  v i s c o s i t y   of  the  p a s t e   but  a l s o   the  p r e s s u r e  

e x e r t e d   on  the  s q u e e g e e   of  the  s c r e e n - p r i n t i n g   a p p a r a t u s  
3 



and  the  speed  of  t h e  m o v e m e n t   of  the  s q u e e g e e   r e l a t i v e  

to  the  s c r e e n   are  m i n u t e l y   a d j u s t e d   so  as  to  form  a 

p a s t e   l a y e r   of  an  a p p r o p r i a t e   t h i c k n e s s .   The  t h i c k n e s s  

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

but  in  the  case  of  mass  p r o d u c t i o n   some  d i s p e r s i o n  

of  the  t h i c k n e s s   v a l u e s   is  i n e v i t a b l e .   F u r t h e r m o r e ,  

the  r e s i s t a n c e   of  the  s i n t e r e d   t h i c k   f i lm  is  a f f e c t e d  

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

f i r i n g   t e m p e r a t u r e   and  the  d u r a t i o n   of  f i r i n g ,   a n d  

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

l a y e r   s u b j e c t   to  f i r i n g .   For  t h e s e   r e a s o n s ,   d i s p e r s i o n  

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

f i lm  r e s i s t o r   e l e m e n t s   is  c o n s i d e r a b l y   l a r g e   and  s o m e t i m e s  

r e a c h e s   abou t   +20%  of  the  i n t e n d e d   va lue   even  t h o u g h  

the  p r i n t i n g   p r o c e s s   is  p e r f o r m e d   with  due  c o n t r o l  

of  the  t h i c k n e s s .   On  the  o t h e r   hand,   the  t o l e r a n c e  

of  the  r e s i s t a n c e   is  r a r e l y   l a r g e r   than  ±5%. 

With  a  view  to  i n c r e s i n g   the  number  of  a c c e p t a b l e  

p r o d u c t s   in  mass  p r o d u c t i o n   of  t h i c k   f i lm  r e s i s t o r  

e l e m e n t s   by  the  p r i n t i n g - a n d - f i r i n g   method ,   i t   h a s  

been  put  i n to   p r a c t i c e   to  d e t e r m i n e   optimum  f i r i n g  

c o n d i t i o n s   for   each  l o t   by  e x t r a c t i n g   a  sma l l   n u m b e r  

of  samples   out  of  the  u n f i r e d   i n t e r m e d i a t e s   g iven   by 

the  p r i n t i n g   p r o c e s s ,   f i r i n g   t h e s e   s amp le s   under   s t a n d a r d  

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



s i n t e r e d   t h i c k   f i lm   of  every   sample .   However,  e v e n  

when  the  f i r i n g   c o n d i t i o n s   are  a d j u s t e d   t h r o u g h   s u c h  

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

t h i c k   f i lm  e x h i b i t   a  d i s p e r s i o n   of  about   +10%  in  m o s t  

c a s e s .  

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

m a s s - p r o d u c e d   s i n t e r e d   t h i c k   f i lm  must  be  p i c k e d   o u t  

as  r e j e c t s ,   and  the  l o s s   of  such  a  l a r g e   number  o f  

p r o d u c t s   n a t u r a l l y   l e a d s   to  an  u n w a n t e d l y   high  s e l l i n g  

p r i c e .   N e v e r t h e l e s s ,   i t   is  r a t h e r   i m p r a c t i c a l   to  e n l a r g e  

the  t o l e r a n c e   of  the  r e s i s t a n c e   b e c a u s e   i t   w i l l   r e s u l t  

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

the  t h i c k   f i lm  r e s i s t o r   e l e m e n t s   are  used  or  w i l l   r a i s e  

the  need  of  m o d i f y i n g   the  c i r c u i t   d e s i g n   of  such  d e v i c e s .  

SUMMARY  OF  THE  INVENTION 

It   is  an  o b j e c t   of  the  p r e s e n t   i n v e n t i o n   to  p r o v i d e  

an  improved  method  of  p r o d u c i n g  a   t h i c k   f i lm  r e s i s t o r  

e l e m e n t ,   which  method  f u n d a m e n t a l l y   b e l o n g s   to  t h e  

above  d e s c r i b e d   p r i n t i n g - a n d - f i r i n g   method  bu t ,   n e v e r t h e l e s s ,  

g ives   a  t h i c k   f i lm  of  which  r e s i s t a n c e   is  very  c l o s e  

to  an  i n t e n d e d   r e s i s t a n c e   and,  when  a p p l i e d   to  m a s s  

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

a c c e p t a b l e   p r o d u c t s .  

. A  method  a c c o r d i n g   to  the  i n v e n t i o n   for   the  p r o d u c t i o n  

of  a  t h i c k   f i lm  r e s i s t o r   e l emen t   hav ing   a  p r e d e t e r m i n e d  



r e s i s t a n c e   on  an  i n s u l a t i n g   s u b s t r a t e   has  the  s t e p s  

of  a p p l y i n g   a  p a s t e   c o n t a i n i n g   a  powder  of  an  e l e c t r o n i c a l l y  

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

v e h i c l e   onto  a  major   s u r f a c e   of  the  s u b s t r a t e   to  f o r m  

a  p a s t e   l a y e r ,   d r y i n g   the  p a s t e   l a y e r   and  then  f i r i n g  

the  s u b s t r a t e   to  a c h i e v e   s i n t e r i n g   of  the  r e s i s t o r  

m a t e r i a l   c o n t a i n e d   in  the  p a s t e   l a y e r ,   and  the  i m p r o v e m e n t  

a c c o r d i n g   to  the  i n v e n t i o n   r e s i d e s   in  t h a t   the  a b o v e  

t h r e e   s t e p s   are  p e r f o r m e d   such  t h a t   a  t h i c k   f i lm  a s  

the  p r o d u c t   of  the  f i r i n g ' s t e p   has  a  p r o v i s i o n a l   r e s i s t a n c e  

lower   than  the  p r e d e t e r m i n e d   r e s i s t a n c e ,   and  t h a t   t h e  

method  f u r t h e r   c o m p r i s e s   the  s t ep   of  a p p l y i n g   an  a l t e r n a t i n g  

v o l t a g e   to  the  s i n t e r e d   t h i c k   f i lm  so  as  to  i n c r e a s e  

the  r e s i s t a n c e   of  the  t h i c k   f i lm   up  to  the  p r e d e t e r m i n e d  

r e s i s t a n c e .   In  t h i s   s t e p ,   the  m a g n i t u d e   of  the  a l t e r n a t i n g  

v o l t a g e   is  r e q u i r e d   to  be  h i g h e r   than  a  maximum  v o l t a g e  

to  be  a p p l i e d   to  the  t h i c k   f i lm  r e s i s t o r   e l emen t   i n  

i t s   p r a c t i c a l   u s e .  

The  m a g n i t u d e   of  the  a l t e r n a t i n g   v o l t a g e   and  t h e  

d u r a t i o n   of  a p l i c a t i o n   of  the  a l t e r n a t i n g   v o l t a g e   w o u l d  

be  s e l e c t i v e l y   d e t e r m i n e d   a c c o r d i n g   to  the  d i f f e r e n c e  

be tween   t h e  p r e d e t e r m i n e d   r e s i s t a n c e   and  the  p r o v i s i o n a l  

r e s i s t a n c e .  

The  a p p l i c a t i o n   of  an  a l t e r n a t i n g   v o l t a g e   to  t h e  

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



voids   among  the  f i ne   c r y s t a l   g r a i n s   of  the  s i n t e r e d  

r e s i s t o r   m a t e r i a l   as  the  e f f e c t   of  a  phenomenon  c a l l e d  

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

the  c o n t a c t s   be tween   the  c r y s t a l   g r a i n s .   T h e r e f o r e ,  

the  e f f e c t   of  t h i s   t r e a t m e n t   can  be  r e g a r d e d   as  a  d e c r e a s e  

in  the  e f f e c t i v e   c r o s s - s e c t i o n a l   a rea   of  the  s i n t e r e d  

t h i c k   f i l m ,   and  a  r e s u l t a n t   i n c r e a s e   in  the  r e s i s t a n c e .  

As  w i l l   be  u n d e r s t o o d ,   the  r e s i s t a n c e   of  the  s i n t e r e d  

t h i c k   f i lm   under   t h i s   t r e a t m e n t   i n c r e a s e s   as  the  d u r a t i o n  

of  the  t r e a t m e n t   is  p r o l o n g e d   and  as  the  m a g n i t u d e  

of  the  a l t e r n a t i n g   v o l t a g e   is  r a i s e d .  

The  improvement   a c c o r d i n g   t o  t h e   i n v e n t i o n   c a n  

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

need  of  m o d i f y i n g   the  a p p a r a t u s   and  f u n d a m e n t a l   p r o c e d u r e s  

of  the  c o n v e n t i o n a l   p r i n t i n g - a n d - f i r i n g   method  a n d  

has  the  e f f e c t   of  e n h a n c i n g   the  a c c u r a c y   of  the  r e s i s t a n c e  

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

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

T h e r e f o r e ,   t h i s   i n v e n t i o n   w i l l   b r i n g   about   a  c o n s i d e r a b l e  

r e d u c t i o n   of  the  t o t a l   p r o d u c t i o n   cos t   and  w i l l   e n a b l e  

to  lower  the  s e l l i n g   p r i c e .   F u r t h e r m o r e ,   t h i s   i n v e n t i o n  

is  e x p e c t e d   to  a l low  a u t o m a t i o n   o f  t h e   p r o d u c t i o n   o f  

t h i c k   f i lm  r e s i s t o r   e l e m e n t s   by  a  p r i n t i n g - a n d - f i r i n g  

m e t h o d .  



BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

Fig.   1  shows  d i a g r a m m a t i c a l l y   the  manner  of  a p p l i c a t i o n  

of  an  a l t e r n a t i n g   v o l t a g e   to  a  t h i c k   f i lm  r e s i s t o r  

e l e m e n t ,   which  is  shown  in  a  s e c t i o n a l   view,  in  a n  

example  of  the  method  a c c o r d i n g   to  the  i n v e n t i o n ;  

Fig .   2  is  a  c h a r t   showing  an  e x e m p l a r y   w a v e f o r m  

of  an  a l t e r n a t i n g   v o l t a g e   used  in  a  method  of  the  i n v e n t i o n ;  

Fig .   3  is  a  g raph   showing  the  d e g r e e   of  i n c r e a s e  

in  the  r e s i s t a n c e   of  a  t h i c k   f i lm  r e s i s t o r   e l e m e n t  

to  which  an  a l t e r n a t i n g   v o l t a g e   of  the  c h a r a c t e r i s t i c  

as  shown  in  Fig.   2  was  a p p l i e d   for   a  v a r i a b l e   d u r a t i o n  

in  an  example   of  the  method  of  the  i n v e n t i o n ;   a n d  

Fig.   4  is  a  g raph   s i m i l a r   to  Fig .   3  but  s h o w s  

an  e x p e r i m e n t a l   r e s u l t   in  a n o t h e r   example   of  the  i n v e n t i o n .  

DESCRIPTION  OF  THE  PREFERRED  EMBODIMENTS 

In  a  method  a c c o r d i n g   to  the  i n v e n t i o n ,   the  a p p l i c a t i o n  

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

of  the  p r i n t e d   and  d r i e d   p a s t e   l a y e r   are  a c c o m p l i s h e d  

by  u s ing   known  t e c h n i q u e s .   That  i s ,   the  a p p l i c a t i o n  

of  the  p a s t e   is  u s u a l l y   a c c o m p l i s h e d   by  a  s c r e e n - p r i n t i n g  

method,   and  the  s i n t e r i n g   is  e f f e c t e d   in  e i t h e r   a i r  

or  a  n o n - o x i d i z i n g   gas  a t m o s p h e r e   at  a  t e m p e r a t u r e  

in  the  range   from  abou t   800°C  to  about   1500°C  d e p e n d i n g  

on  the  kind  of  the  r e s i s t o r   m a t e r i a l .  

To  o b t a i n   a  s i n t e r e d   t h i c k   f i lm   hav ing   a  p r o v i s i o n a l  

r e s i s t a n c e   R   lower   than  a  t r u l y   d e s i r e d   r e s i s t a n c e  



Rs  of  the  f i n i s h e d   t h i c k   f i l m ,   i t   is  n e c e s s a r y   to  s u i t a b l y  

a d j u s t   the  c o m p o s i t i o n   of  the  p a s t e ,   v i s c o s i t y   of  t h e  

p a s t e ,   t h i c k n e s s   of  the  p a s t e   l a y e r   g iven   by  the  p r i n t i n g  

p r o c e s s   a n d / o r   the  f i r i n g   c o n d i t i o n s .   In  p r a c t i c e ,  

i t   w i l l   be  most  s u i t a b l e   t o  r e a l i z e   the  p r o v i s i o n a l  

r e s i s t a n c e   R   p r i m a r i l y   by  a d j u s t i n g   the  t h i c k n e s s  

of  the  p a s t e   l a y e r   b e c a u s e   o f t e n   i t   is  d i f f i c u l t   t o  

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

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

p r o p e r t i e s   of  the  s i n t e r e d   t h i c k   f i lm  o t h e r   than  t h e  

r e s i s t a n c e .  

The  p r o p o r t i o n   o f  t h e   p r o v i s i o n a l   r e s i s t a n c e   R a 

to  the  t r u l y   d e s i r e d   r e s i s t a n c e   Rs  can  be  s e l e c t e d  

in  a  p r e t t y   wide  r a n g e .   However,   in  most  c a s e s   i t  

is  u n d e s i r a b l e   to  make  the  p r o v i s i o n a l   r e s i s t a n c e   Ra 

below  50%  of  the  d e s i r e d   r e s i s t a n c e   Rs  b e c a u s e   t h e  

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

and  long  in  d u r a t i o n   enough  to  i n c r e a s e   such  a  low  r e s i s t a n c e  

Ra  up  to  the  l e v e l   of  Rs  t ends   to  cause   weaken ing   o f  

the  m e c h a n i c a l   s t r e n g t h   of  the  s i n t e r e d   t h i c k   f i l m  

or  the  a d h e s i o n   s t r e n g t h   be tween   the  t h i c k   f i lm  a n d  

the  s u b s t r a t e .   In  t h e o r y ,   t h e r e   a r i s e s   l i t t l e   p r o b l e m  

even  i f   the  p r o v i s i o n a l   r e s i s t a n c e   Ra  is  very  c l o s e  

to  the  d e s i r e d   r e s i s t a n c e   Rs,  but  from  a  p r a c t i c a l  

p o i n t   of  view  an  e x t r e m e l y   sma l l   d i f f e r e n c e   b e t w e e n  



t h e s e   two  r e s i s t a n c e   v a l u e s   Rs  and  Ra,  for   e x a m p l e  

R a  b e i n g   99%  of  Rs,  w i l l   be  m e a n i n g l e s s .   A c c o r d i n g l y  

the  upper   l i m i t   of  Ra  in  the  p r a c t i c a l   s e n s e   w i l l   b e  

about   90%  of  Rs .  

In  the  case  of  i n d u s t r i a l   p r o d u c t i o n   of  t h i c k  

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

the  p r o p o r t i o n   of  the  p r o v i s i o n a l   r e s i s t a n c e   Ra  t o  

the  d e s i r e d   r e s i s t a n c e   Rs  is  the  width   of  d i s p e r s i o n  

of  the  p r o v i s i o n a l   r e s i s t a n c e   v a l u e s   Ra  of  the  a c t u a l l y  

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

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

For  example ,   assume  t h a t   the  t o l e r a n c e   of  t h e  

d e s i r e d   r e s i s t a n c e   Rs  is  ±2%  ( t h a t   is ,   r e s i s t a n c e   v a l u e s  

in  the  range   from  0 .98Rs  to  1.02Rs  are  a c c e p t a b l e )  

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

R a  e x h i b i t   a  d i s p e r s i o n   o f  ±20%.   In  t h i s   c a s e ,   i f  

the  p r o v i s i o n a l   r e s i s t a n c e   R a  ( a s   an  aimed  va lue   o r  

a v e r a g e   v a l u e )   is  se t   at  90%  of  R ,  the  a c t u a l   v a l u e s  

of  R a  w i l l   d i s p e r s e   in  the  range   from  0 .72Rs  to  1 .08RS 

so  t h a t   a  p o r t i o n   of  the  s i n t e r e d   t h i c k   f i lm   become  

above  1.02Rs  (uppe r   c o n t r o l   l i m i t )   in  r e s i s t a n c e .  

This  p o r t i o n   of  the  i n t e r m e d i a t e   p r o d u c t s   c anno t   b e  

r e m e d i e d   and  must  be  p i c k e d   out  as  r e j e c t s ,   so  t h a t  

the  o b j e c t   of  i n c r e a s i n g   the  p e r c e n t a g e   of  a c c e p t a b l e  

p r o d u c t s   canno t   f u l l y   be  a c c o m p l i s h e d   even  though  t h e  



i n t e r m e d i a t e s   lower  in  r e s i s t a n c e   Ra  than  0.98R s  c a n  

be  r e n d e r e d   a c c e p t a b l e   by  the  v o l t a g e   a p p l i c a t i o n   a c c o r d i n g  

to  the  i n v e n t i o n .   When  the  aim  of  the  p r o v i s i o n a l  

r e s i s t a n c e   Ra  is  se t   at  85%  of  Rs,  a c t u a l   v a l u e s   o f  

Ra  w i l l   f a l l   w i t h i n   the  range   from  0 .68Rs  to  1 . 0 2 R  .  

Then  the  p e r c e n t a g e   of  the  f i n a l l y   r e j e c t e d   p r o d u c t s  

becomes  a lmos t   0%  s i n c e   the  s i n t e r e d   t h i c k   f i l m s   b e l o w  

0.98Rs  in  r e s i s t a n c e   can  be  r e n d e r e d   a c c e p t a b l e   by 

the  t r e a t m e n t   a c c o r d i n g   to  the  i n v e n t i o n   whi le   t h e  

r e m a i n i n g   p o r t i o n   hav ing   r e s i s t a n c e s   of  0 .98Rs  to  1 . 0 2 R s  

can  be  a c c e p t e d   w i t h o u t   any  t r e a t m e n t .   If   the  d i s p e r s i o n  

of  a c t u a l   v a l u e s   of  the  p r o v i s i o n a l   r e s i s t a n c e   Ra  c a n  

be  assumed  to  be  ±10%,  a  s i m i l a r l y   good  r e s u l t   c a n  

be  o b t a i n e d   even  by  s e t t i n g   the  aim  of  Ra  at  90%  o f  

Rs  b e c a u s e   a c t u a l   v a l u e s   of  Ra  w i l l   not  exceed   0 . 9 9 R s .  

Care  shou ld   be  t aken   a l s o   when  i t   is  i n t e n d e d  

to  p r o v i d e   a  r e l a t i v e l y   l a r g e   d i f f e r e n c e   be tween   t h e  

d e s i r e d   r e s i s t a n c e   Rs  and  the  p r o v i s i o n a l   r e s i s t a n c e  

Ra  b e c a u s e   in  t h a t   case  t h e r e   a r i s e s   a  p o s s i b i l i t y  

t h a t   a c t u a l   v a l u e s   of  Ra  w i l l   become  below  abou t   50% 

of  Rs.  If  the  t o l e r a n c e   of  Rs  is  ±2%  and  the  d i s p e r s i o n  

of  Ra  is  c o n s i d e r e d   to  be  20%,  i t   is  u n s u i t a b l e   t o  

make  the  aim  of  Ra  as  low  as  60%  of  R  b e c a u s e   t h e n  

a c t u a l   v a l u e s   of  Ra  w i l l   r ange   from  0 .72Rs  to  0 . 4 8 R s ,  

whereas   i t   is  d i f f i c u l t   to  a c h i e v e   about   100%  i n c r e a s e  



in  the  r e s i s t a n c e   ( e . g .   from  0 .48Rs  to  at  l e a s t   0 . 9 8 R s )  

by  the  t r e a t m e n t   a c c o r d i n g   to  the  i n v e n t i o n   w i t h o u t  

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

t h i c k   f i lm .   When  the  aim  of  the  p r o v i s i o n a l   r e s i s t a n c e  

Ra  is  r a i s e d   to  70%  of  Rs,  a c t u a l   v a l u e s   of  Ra  w i l l  

f a l l   w i t h i n   the  range   from  0 .84Rs  to  0 .57Rs  and,  t h e r e f o r e ,  

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

a lmos t   a l l   the  i n t e r m e d i a t e s   of  the  t h i c k   f i lm  r e s i s t o r  

e l e m e n t s   to  a c c e p t a b l e   v a l u e s   w i t h i n   the  range   f r o m  

0.98Rs  to  1.02Rs  w i t h o u t   s i g n i f i c a n t l y   s u f f e r i n g   f r o m  

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

For  the  above  e x p l a i n e d   r e a s o n s ,   in  most  c a s e s  

i t   is  s u i t a b l e   to  se t   the  aim  of  the  p r o v i s i o n a l   r e s i s t a n c e  

Ra  at  a  v a l u e   in  the  range   from  70  to  85%  of  the  t r u l y  

d e s i r e d   r e s i s t a n c e   R  .  

The  m a g n i t u d e   of  an  a l t e r n a t i n g   v o l t a g e   used  i n  

the  method  of  the  i n v e n t i o n   is  u s u a l l y   made  to  be  more  

than  two  t imes   as  h igh  as  a  maximum  v o l t a g e   to  be  a p p l i e d  

to  the  t h i c k   f i lm  r e s i s t o r   e l e m e n t   in  i t s   p r a c t i c a l  

use  and  in  most  c a se s   does  not  need  to  be  more  t h a n  

about   f i v e   t imes   as  high  as  the  a f o r e m e n t i o n e d   maximum 

v o l t a g e .   U s u a l l y   i t   is  s u i t a b l e   to  use  an  a l t e r n a t i n g  

v o l t a g e   of  a  very  low  f r e q u e n c y   such  as  abou t   1/300  Hz 

to  about   1  Hz,  and  the  d u r a t i o n   of  a p p l i c a t i o n   of  t h e  

a l t e r n a t i n g   v o l t a g e   is  u s u a l l y   from  s e v e r a l   s e c o n d s  



to  tens   of  m i n u t e s .  

The  p r e s e n t   i n v e n t i o n   p l a c e s   no  p a r t i c u l a r   r e s t r i c t i o n  

on  the  m a t e r i a l s   or  c o m p o s i t i o n   of  the  c o n d u c t i n g   p a s t e  

for   fo rming   the  t h i c k   f i l m .   That  i s ,   c o n d u c t i n g   p a s t e s  

c o n v e n t i o n a l l y   used  to  p roduce   t h i c k   f i lm  r e s i s t o r  

e l e m e n t s   are  a l l   u s e f u l   in  the  p r e s e n t   i n v e n t i o n .  

As  m e n t i o n e d   h e r e i n b e f o r e ,   the  p a s t e   is  a  u n i f o r m   d i s p e r s i o n  

of  a  powdered  r e s i s t o r   m a t e r i a l   in  a  l i q u i d   v e h i c l e ,  

which  is  u s u a l l y   a  s o l u t i o n   of  an  o r g a n i c   po lymer   i n  

an  o r g a n i c   s o l v e n t .   For  example ,   the  r e s i s t o r   m a t e r i a l  

may  be  a  nob le   me ta l   powder  such  as  s i l v e r   p o w d e r ,  

p l a t i n u m   powder  or  r u t h e n i u m   powder  or  a  powder  o f  

an  a l l o y   of  noble   m e t a l s   such  as  P t -Rh ,   Ag-Pd,  A u - P t  

or  Au-Pd.  To  a d j u s t   the  v i s c o s i t y   of  the  p a s t e   o r  

the  r e s i s t a n c e   of  the  formed  t h i c k   f i lm  a n d / o r   e n h a n c i n g  

the  a d h e s i o n   s t r e n g t h   of  the  formed  t h i c k   f i l m ,   s u c h  

a  me ta l   or  a l l o y   powder  may  o p t i o n a l l y   be  admixed  w i t h  

a  g l a s s   f r i t   powder  a n d / o r   a  m e t a l   oxide   powder  s u c h  

as  Ru02  powder ,   Al203  powder  or  ZrO2  powder .   An  e x a m p l e  

of  o r g a n i c   po lymers   s u i t a b l e   as  the  b i n d e r   c o m p o n e n t  

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

as  methy l   c e l l u l o s e   or  e t h y l   c e l l u l o s e ,   and  an  e x a m p l e  

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

is  t e r p i n e o l .   The  m a t e r i a l   of  the  s u b s t r a t e   can  f r e e l y  

be  s e l e c t e d   among  v a r i o u s   c e r a m i c   m a t e r i a l s .   Some 



examples   are  a l u m i n a ,   m u l l i t e ,   s p i n e l ,   s i l i c a   and  f o r s t e r i t e .  

If  d e s i r e d ,   i t   is  p o s s i b l e   to  use  a  me ta l   s u b s t r a t e  

hav ing   a  c e r a m i c   c o a t i n g .  

The  f o l l o w i n g   examples   are  p r e s e n t e d   to  i l l u s t r a t e  

the  method  a c c o r d i n g   to  the  i n v e n t i o n .   N e e d l e s s   t o  

m e n t i o n ,   t h e s e   examples   are  by  no  means  l i m i t a t i v e  

of  the  i n v e n t i o n .  

EXAMPLE  1 

A  p l a t i n u m   p a s t e   was  p r e p a r e d   by  f i r s t   d i s s o l v i n g  

15  p a r t s   by  we igh t   of  an  e t h y l   c e l l u l o s e   r e s i n   in  85 

p a r t s   by  we igh t   of  d - t e r p i n e o l   to  o b t a i n   an  o r g a n i c  

v e h i c l e   and  then  u n i f o r m l y   d i s p e r s i n g   65  p a r t s   by  w e i g h t  

of  a  f i n e   powder  of  p l a t i n u m   in  35  p a r t s   by  w e i g h t  

of  the  o r g a n i c   v e h i c l e .  

R e f e r r i n g   to  Fig .   1,  t h i s   p l a t i n u m   p a s t e   was  a p p l i e d  

onto  a  major   s u r f a c e   of  an  a l u m i n a   s u b s t r a t e   10  by 

a  s c r e e n - p r i n t i n g   method  by  u s ing   a  s c r e e n   p a t t e r n e d  

c o r r e s p o n d i n g l y   to  the  i n t e n d e d   p a t t e r n   of  a  t h i c k  

f i l m   to  be  formed.   The  p r i n t e d   p a s t e   l a y e r   was  d r i e d  

at  a  t e m p e r a t u r e   of  100°C  for   a  p e r i o d   of  abou t   1  h r ,  

and  t h e r e a f t e r   the  s u b s t r a t e   10  with  the  d r i e d   p a s t e  

l a y e r   t h e r e o n   was  f i r e d   in  a i r   at  about   1400°C  f o r  

2  hr  to  t h e r e b y   a c h i e v e   s i n t e r i n g   of  the  p l a t i n u m   p o w d e r  

c o n t a i n e d   in  the  p r i n t e d   p a s t e   l a y e r .   The  s i n t e r e d  

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



12  which  a d h e r e d   f i r m l y   to  the  s u r f a c e   of  the  s u b s t r a t e  

10.  I n d i c a t e d   at  14  are  a  p a i r   of  c o n d u c t i n g   l e a d s ,  

which  were  a r r a n g e d   p r i o r   to  the  f i r i n g   p r o c e s s   s u c h  

t h a t   the  two  t e r m i n a l s   of  the  s i n t e r e d   t h i c k   f i lm   r e s i s t o r  

e l emen t   12  made  i n t i m a t e   c o n t a c t   with  the  two  l e a d s  

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

At  the  s c r e e n - p r i n t i n g   s t a g e ,   the  t h i c k n e s s   o f  

the  p r i n t e d   p a s t e   l a y e r   was  c o n t r o l l e d   such  t h a t ,   when  

a  l a r g e   number  of  s amples   of  the  t h i c k   f i lm   12  w e r e  

formed  by  the  same  p r o c e d u r e   and  under   the  same  c o n d i t i o n s ,  

the  a v e r a g e   r e s i s t a n c e   Ra  of  the  s i n t e r e d   t h i c k   f i l m  

became  4.8  ohms.  In  t h i s   example ,   a  t r u l y   d e s i r e d  

r e s i s t a n c e   Rs  of  the  t h i c k   f i lm   r e s i s t o r   e l e m e n t   12 

was  6.0  ohms,  but  i t   was  i n t e n d e d   to  make  the  a c t u a l  

r e s i s t a n c e   Ra  of  the  s i n t e r e d   t h i c k   f i l m s   abou t   80% 

of  the  t r u l y   d e s i r e d   r e s i s t a n c e   va lue   Rs  (6 .0   o h m s ) .  

By  m e a s u r i n g   the  r e s i s t a n c e   Ra  of  each  t h i c k   f i l m  

12  formed  in  t h i s   example ,   the  f o l l o w i n g   s ix   g r o u p s  

of  s a m p l e s  w e r e   s e l e c t e d   out  of  the  many  p r o d u c t s .  

Group  A:  Ra  =  3.1  ohms  ( a b o u t   52%  of  the  t r u l y   d e s i r e d  

va lue   R  )  

Group  B:  Ra  =  3.4  ohms  ( a b o u t   57%  of  Rs)  

Group  C:  Ra  =  4.0  ohms  ( a b o u t   67%  of  Rs)  

Group  D:  Ra  =  5.0  ohms  ( a b o u t   83%  of  Rs)  

Group  E:  Ra  =  5 . 4  o h m s   ( a b o u t   90%  of  R  )  



Group  F:  Ra  =  5.8  ohms  ( a b o u t   97%  of  Rs)  

To  each  of  t h e s e   s a m p l e s ,   an  a l t e r n a t i n g   v o l t a g e  

was  a p p l i e d   by  c o n n e c t i n g   the  l e a d s   14  to  an  a l t e r n a t i n g  

v o l t a g e   s u p p l y i n g   c i r c u i t   16,  which  was  f u n d a m e n t a l l y  

a  c o m b i n a t i o n   of  a  DC  power  s u p p l y   18  and  a  s w i t c h i n g  

d e v i c e   20  fo r   p e r i o d i c a l   c h a n g e o v e r   of  the  p o l a r i t y  

of  the  o u t p u t   v o l t a g e .   The  c i r c u i t   16  was  a d j u s t e d  

such  t h a t   a  s q u a r e   wave  a l t e r n a t i n g   v o l t a g e   of  t h e  

c h a r a c t e r i s t i c   shown  in  F ig .   2  was  a p p l i e d   to  e a c h  

sample  t h i c k   f i lm  12.  That  i s ,   +10  v o l t s   and  -10  v o l t s  

were  a l t e r n a t e d   e v e r y  o n e   m i n u t e .   The  d u r a t i o n   o f  

the  a p p l i c a t i o n   of  the  a l t e r n a t i n g   v o l t a g e   was  v a r i e d  

from  Group  to  Group  of  the  s amples   and  made  l o n g e r  

for   the  s amples   of  s m a l l e r   r e s i s t a n c e   v a l u e s ,   and  m o r e  

m i n u t e l y   v a r i e d   for   the  i n d i v i d u a l   s amples   of  the  same 

Group.  The  d e t a i l s   of  the  v a r i a t i o n s   are  shown  i n  

the  f o l l o w i n g   Table   1.  A f t e r   the  a p p l i c a t i o n   of  t h e  

a l t e r n a t i n g   v o l t a g e   the  r e s i s t a n c e   of  each  sample   was 

m e a s u r e d .   The  r e s i s t a n c e   v a l u e s   measured   at  t h i s   s t a g e  

are  al'so  c o n t a i n e d   in  Table   1.  Assuming  t h a t   the  t o l e r a n c e  

of  the  d e s i r e d   r e s i s t a n c e   R   is  6.0  ohms  ±2%  ( i . e .  

in  the  range  from  5.88  to  6.12  ohms),   the  s amples   i n  

Table   1  were  e v a l u a t e d   as  OK  when  the  r e s i s t a n c e   a f t e r  

the  a p p l i c a t i o n   of  the  a l t e r n a t i n g   v o l t a g e   was  w i t h i n  

t h i s   range  but  o t h e r w i s e   as  NG.  It  was  c o n f i r m e d   t h a t  



the  a p p l i c a t i o n   of  the  a l t e r n a t i n g   v o l t a g e   caused   a n  

i n c r e a s e   in  the  r e s i s t a n c e   of  each  t h i c k   f i lm  and  t h a t  

the  manner  of  i n c r e a s e   in  the  r e s i s t a n c e   was  as  shown 

in  Fig.   3  for   the  s amples   of  Groups  D,  E  and  F .  

We  have  r e c o g n i z e d   t h a t   the  a p p l i c a t i o n   of  a n  

a l t e r n a t i n g   v o l t a g e   to  the  s i n t e r e d   t h i c k   f i lm  12  h a s  

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

the  t h i c k   f i lm  12  t o  t h e   s u b s t r a t e   10,  p r e s u m a b l y   a s  

the  r e s u l t   of  a  change  in  the  p h y s i c a l   s t r u c t u r e   o f  

the  s i n t e r e d   f i lm  12  a t t r i b u t e d   to  the  a f o r e m e n t i o n e d  

e l e c t r o m i g r a t i o n   phenomenon.   In  t h i s   example ,   t h e  

degree   of  t h i s   s i d e - e f f e c t   of  the  v o l t a g e   a p p l i c a t i o n  

was  examined  by  the  f o l l o w i n g   t e s t   m e t h o d .  

The  above  d e s c r i b e d   p l a t i n u m   p a s t e   was  a p p l i e d  

onto  the  a l umina   s u b s t r a t e   10  by  s c r e e n - p r i n t i n g   i n  

a  r e c t a n g u l a r   p a t t e r n   (20  mm  x  5  mm),  and  a  c y l i n d r i c a l  

rod  (not   i l l u s t r a t e d )   of  a l umina   hav ing   a  d i a m e t e r  

of  2  mm  was  v e r t i c a l l y   p l a c e d   on  the  p r i n t e d   p a s t e  

l a y e r .   The  s u b s t r a t e   was  f i r e d   in  t h i s   s t a t e   at  1400°C 

for   2  hr  to  c o m p l e t e   the  f o r m a t i o n   of  the  t h i c k   f i l m  

12  which  a d h e r e d   to  both  the  s u b s t r a t e   10  and  the  a l u m i n a  

rod.  This  t h i c k   f i lm  was  so  formed  as  to  have  t h e  

same  t h i c k n e s s   as  the  t h i c k   f i l m s   12  in  the  s a m p l e s  

s u b j e c t e d   to  the  above  d e s c r i b e d   r e s i s t a n c e - i n c r e a s i n g  

t r e a t m e n t .   A  number  of  samples   were  p r o d u c e d   by  t h i s  



p r o c e d u r e ,   and  a  p o r t i o n   of  t h e s e   samples   were  s u b j e c t e d  

to  an  a d h e s i o n   s t r e n g t h   t e s t   in  which  the  a l u m i n a   r o d  

was  p u l l e d   u n t i l   s e p a r a t i o n   of  the  t h i c k   f i lm  f r o m  

the  s u b s t r a t e ,   or  s e p a r a t i o n   of  the  rod  from  the  t h i c k  

f i l m ,   to  measure   the  p u l l   f o r c e   at  the  moment  of  b e g i n n i n g  

of  the  s e p a r a t i o n   as  the  pee l   s t r e n g t h   of  the  t h i c k  

f i l m .   On  the  a v e r a g e ,   the  pee l   s t r e n g t h   of  the  t e s t e d  

t h i c k   f i lms   was  4.4  kg/mm2. 

The  r e m a i n i n g   samples   were  c l a s s i f i e d   i n to   s i x  

groups   a c c o r d i n g   to  the  r e s i s t a n c e   v a l u e s   of  the  t h i c k  

f i l m s   s i m i l a r l y   to  the  Groups  A  to  F  in  the  f o r e g o i n g  

t e s t ,   and  the  a l t e r n a t i n g   v o l t a g e   of  the  c h a r a c t e r i s t i c  

of  Fig .   2  was  a p p l i e d   to  each  sample  for   a  p e r i o d   o f  

time  d i f f e r e n t   from  sample  to  sample  d e p e n d i n g   on  t h e  

i n i t i a l   r e s i s t a n c e   v a l u e ,   as  shown  in  Table   1.  A f t e r  

the  a p p l i c a t i o n   of  the  a l t e r n a t i n g   v o l t a g e ,   every   s a m p l e  

was  s u b j e c t e d   to  the  above  d e s c r i b e d   s t r e n g t h   t e s t .  

The  pee l   s t r e n g t h   v a l u e s   measu red   in  t h i s   t e s t   a r e  

a l s o   p r e s e n t e d   in  Table   1.  From  a  p r a c t i c a l   v i e w p o i n t ,  

i t   is  r e q u i r e d   t h a t   the  pee l   s t r e n g t h   of  the  t h i c k  

f i lm  a f t e r   the  r e s i s t a n c e - i n c r e a s i n g   t r e a t m e n t   be  a t  

l e a s t   60%  of  the  i n i t i a l   pee l   s t r e n g t h   v a l u e ,   4.4  kg/mm2.  

In  Table   1,  t h e r e f o r e ,   the  s amples   below  2.64  kg/mm 2 

in  the  pee l   s t r e n g t h   are  e v a l u a t e d   as  NG  and  the  o t h e r s  

as  OK. 





As  can  be  seen  in  Table   1,  in  t h i s   e x p e r i m e n t  

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

f i lm   r e s i s t o r   e l e m e n t s   from  the  s amples   of  Group  A, 

b e c a u s e   the  a p p l i c a t i o n   of  the  a l t e r n a t i n g   v o l t a g e  

for   a  very  long  p e r i o d   of  t ime  to  i n c r e a s e   the  r e s i s t a n c e  

by  n e a r l y   100%  ( the   i n i t i a l   r e s i s t a n c e   Ra  was  a b o u t  

52%  of  the  d e s i r e d   r e s i s t a n c e   Rs,  6.0  ohms)  c a u s e d  

a  g r e a t   d e c r e a s e   in  the  pee l   s t r e n g t h   of  the  t h i c k  

f i l m .   For  the  s amples   of  Groups  B-F  ( i . e .   when  t h e  

i n i t i a l   r e s i s t a n c e   Ra  was  above  56%  of  the  d e s i r e d  



r e s i s t a n c e   Rs),  i t   was  p o s s i b l e   to  r e a l i z e   the  d e s i r e d  

r e s i s t a n c e   Rs  ( c o n s i d e r i n g   the  t o l e r a n c e   of  ±2%)  w i t h  

the  m a i n t e n a n c e   of  an  a c c e p t a b l e   pee l   s t r e n g t h   by  a d e q u a t e l y  

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

a l t e r n a t i n g   v o l t a g e .   The  t h i c k   f i lm  r e s i s t o r   e l e m e n t s  

p roduced   in  t h i s   example  were  i n t e n d e d   to  be  used  w i t h  

the  a p p l i c a t i o n   of  a  v o l t a g e   not  h i g h e r   than  3  v o l t s .  

This  means  t h a t   the  m a g n i t u d e   of  the  v o l t a g e   used  i n  

the  r e s i s t a n c e - i n c r e a s i n g   t r e a t m e n t   was  more  than  t h r e e  

t imes  as  high  as  a  maximum  v o l t a g e   d u r i n g   use  of  t h e  

t h i c k   f i l m   r e s i s t o r   e l e m e n t s .   T h e r e f o r e ,   t h e r e   i s  

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

f i lm  r e s i s t o r   e l e m e n t s   a f t e r   the  t r e a t m e n t   w i l l   f u r t h e r  

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

By  f u r t h e r   e x p e r i m e n t s ,   i t   was  c o n f i r m e d   t h a t  

the  f r a c t i o n   d e f e c t i v e   a f t e r   the  r e s i s t a n c e - i n c r e a s i n g  

t r e a t m e n t   can  be  made  l e s s   than  5%  even  when  the  t o l e r a n c e  

of  the  r e s i s t a n c e   is  as  s t r i c t   as  ±2%.  This  is  a  s u r p r i s i n g  

improvement   b e c a u s e   in  the  case  of  a iming  at  the  a c c e p t a b l e  

r e s i s t a n c e   range  of  R s  ± 2 %   w i t h o u t   u s i n g   the  m e t h o d  

of  the  i n v e n t i o n   about   50%  of  the  p r o d u c t s   shou ld   be  

r e j e c t e d .  

The  s q u a r e   wave  a l t e r n a t i n g   v o l t a g e   used  in  t h i s  

example  is  mere ly   e x e m p l a r y .   I t   is  a l s o   p o s s i b l e   t o  

use  an  a l t e r n a t i n g   v o l t a g e   of  a  d i f f e r e n t   w a v e f o r m  



such  as  s ine   wave  or  s a w t o o t h   w a v e .  

EXAMPLE  2 

A  c o m m e r c i a l l y   a v a i l a b l e   c o n d u c t i n g   p a s t e   D u P o n t ' s  

No.  9051  p a s t e )   c o n t a i n i n g   a  s i l v e r - p a l l a d i u m   p o w d e r  

was  a p p l i e d   onto  the  a lumina   s u b s t r a t e   10  by  the  same 

s c r e e n - p r i n g i n g   method  as  in  Example  1.  The  t h i c k n e s s  

of  the  p r i n t e d   p a s t e   l a y e r   was  c o n t r o l l e d   so  as  t o  

o b t a i n   a  t h i c k   f i l m   hav ing   a  r e s i s t a n c e   R   of  4.8  ohms .  

This  r e s i s t a n c e   va lue   Ra  was  80%  of  a  t r u l y   d e s i r e d  

r e s i s t a n c e   Rs,  6.0  ohms.  The  p r i n t e d   p a s t e   l a y e r   was 

d r i e d   at  a  t e m p e r a t u r e   of  100°C  for   a  p e r i o d   of  1  h r ,  

and  t h e r e a f t e r   the  s u b s t r a t e   with  the  d r i e d   p a s t e   l a y e r  

t h e r e o n   was  f i r e d   at  about   900°C  for   1  hr  to  t h e r e b y  

a c h i e v e   s i n t e r i n g   of  the  Ag-Pd  p o w d e r  c o n t a i n e d   i n  

the  p r i n t e d   p a s t e   l a y e r .   The  s i n t e r e d   Ag-Pd  p o w d e r  

c o n s t i t u t e d   a  t h i c k   f i lm  r e s i s t o r   e l emen t   12  w h i c h  

a d h e r e d   f i r m l y   to  the  s u r f a c e   of  the  a l u m i n a   s u b s t r a t e  

10.  The  l e a d s   14  in  Fig .   1  were  p r o v i d e d   in  the  same 

manner  as  in  Example  1. 

By  m e a s u r i n g   the  r e s i s t a n c e   Ra  of  each  t h i c k   f i l m  

formed  by  the  above  p r o c e d u r e ,   the  f o l l o w i n g   f i v e   g r o u p s  

of  s amples   were  s e l e c t e d   out  of  the  many  s amples   p r o d u c e d  

by  the  same  method  and  under   the  same  c o n d i t i o n s .  

Group  G:  Ra  =  3.2  ohms  ( a b o u t   53%  of  the  t r u l y  

d e s i r e d   va lue   Rs)  



Group  H:  Ra  =  3.4  ohms  ( a b o u t   57%  of  Rs )  

Group  I:  Ra  =  4.5  ohms  ( a b o u t   75%  of  Rs)  

Group  J:  Ra  =  5.0  ohms  ( a b o u t   83%  of  Rs)  

Group  K:  Ra  =  5.8  ohms  ( a b o u t   97%  of  Rs)  

To  each  of  t h e s e   s a m p l e s ,   an  a l t e r n a t i n g   v o l t a g e  

was  a p p l i e d   by  u s ing   the  a p p a r a t u s   16  d e s c r i b e d   i n  

Example  1.  The  c h a r a c t e r i s t i c   of  the  a l t e r n a t i n g   v o l t a g e  

was  as  shown  in  Fig .   2,  but  in  t h i s   example  the  a m p l i t u d e s  

of  the  v o l t a g e   were  +7  v o l t s .   That  i s ,   +7  v o l t s   a n d  

-7  v o l t s   were  a l t e r n a t e d   e v e r y  o n e   m i n u t e .   The  d u r a t i o n  

of  the  a p p l i c a t i o n   of  the  a l t e r n a t i n g   v o l t a g e   was  v a r i e d  

from  Group  to  Group  of  the  s a m p l e s ,   and  a l s o   from  s a m p l e  

to  sample  in  the  same  Group.  The  d e t a i l s   of  the  v a r i a t i o n s  

are  shown  in  Table   2,  t o g e t h e r   with  the  r e s i s t a n c e  

of  each  sample  measu red   a f t e r   the  a p p l i c a t i o n   of  t h e  

a l t e r n a t i n g   v o l t a g e .   The  c r i t e r i o n   for   e v a l u a t i o n  

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

a l t e r n a t i n g   v o l t a g e   was  the  same  as  in  Example  1. 

F i g .  4   shows  the  r e l a t i o n s h i p   be tween   the  d u r a t i o n  

of  the  v o l t a g e   a p p l i c a t i o n   in   t h i s   example  and  t h e  

e x t e n t   of  i n c r e a s e   in  the  r e s i s t a n c e   of  the  t h i c k   f i l m s  

of  the  Groups  I,  J  and  K  s a m p l e s .   The  i n f l u e n c e   o f  

the  r e s i s t a n c e - i n c r e a s i n g   t r e a t m e n t   on  the  a d h e s i o n  

s t r e n g t h   of  the  t h i c k   f i lm  was  examined  by  the  p e e l  

s t r e n g t h   t e s t   d e s c r i b e d   in  Example  1,  and  Table   2  c o n t a i n s  



e v a l u a t i o n   of  the  peel   s t r e n g t h   a f t e r   the  r e s i s t a n c e -  

i n c r e a s i n g   t r e a t m e n t   on  the  same  c r i t e r i o n   as  in  Example  1. 

The  t h i c k   f i lm  r e s i s t o r   e l e m e n t s   p roduced   in  t h i s   e x a m p l e  

were  i n t e n d e d   to  be  used  with  the  a p p l i c a t i o n   of  a  

v o l t a g e   not  h i g h e r   than  3  v o l t s .  





As  can  be  seen  in  Table   2,  in  t h i s   e x p e r i m e n t  

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

f i lm  r e s i s t o r   e l e m e n t s   from  the  samples   of  Group  G 

in  which  the  i n i t i a l   r e s i s t a n c e   Ra  was  only  about   53% 

of  the  d e s i r e d   r e s i s t a n c e   Rs,  6.0  ohms.  For  the  s a m p l e s  

of  Groups  H-K  ( i . e .   when  the  i n i t i a l   r e s i s t a n c e   Ra 

was  in  the  range  from  about   56%  to  about   97%  of  R s ) ,  

i t   was  p o s s i b l e   to  r e a l i z e   the  d e s i r e d   r e s i s t a n c e   Rs 

( c o n s i d e r i n g   the  t o l e r a n c e   of  ±2%)  with  the  m a i n t e n a n c e  

of  an  a c c e p t a b l e   pee l   s t r e n g t h   by  a p p r o p r i a t e l y   d e t e r m i n i n g  

the  d u r a t i o n   of  a p p l i c a t i o n   of  the  a l t e r n a t i n g   v o l t a g e .  

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

i m p o r t a n t   to  d e t e r m i n e   the  nomina l   va lue   of  the  i n i t i a l  

or  p r o v i s i o n a l   r e s i s t a n c e   Ra  with  due  c o n s i d e r a t i o n  

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

e x p l a i n e d   h e r e i n b e f o r e .  



1.  In  a  method  of  p r o d u c i n g   a  t h i c k   f i lm   r e s i s t o r  

e l emen t   hav ing   a  p r e d e t e r m i n e d   r e s i s t a n c e   on  an  i n s u l a t i n g  

s u b s t r a t e ,   the  method  hav ing   the  s t e p s   of  a p p l y i n g  

a  p a s t e   c o n t a i n i n g   a  powder  of  an  e l e c t r o n i c a l l y   c o n d u c t i n g  

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

a  major   s u r f a c e   of  the  s u b s t r a t e   to  form  a  p a s t e   l a y e r ,  

d r y i n g   the  p a s t e   l a y e r   and  then  f i r i n g   the  s u b s t r a t e  

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

in  the  p a s t e   l a y e r ,  

the  improvement   c o m p r i s i n g   p e r f o r m i n g   s a i d   s t e p s  

such  t h a t   a  t h i c k   f i lm   as  the  p r o d u c t  . o f   the  f i r i n g  

s t e p   has  a  p r o v i s i o n a l   r e s i s t a n c e   lower   than  s a i d  p r e d e -  

t e r m i n e d   r e s i s t a n c e ,   and  the  s t ep   of  a p p l y i n g   an  a l t e r n a t i n g  

v o l t a g e   to  s a id   t h i c k   f i lm  so  as  to  i n c r e a s e   the  r e s i s t a n c e  

of  s a i d   t h i c k   f i lm  from  s a i d   p r o v i s i o n a l   r e s i s t a n c e  

up  to  s a id   p r e d e t e r m i n e d   r e s i s t a n c e ,   the  m a g n i t u d e  

of  s a id   a l t e r n a t i n g   v o l t a g e   be ing   h i g h e r   than  a  maximum 

v o l t a g e   to  be  a p p l i e d   to  the  t h i c k   f i lm  r e s i s t o r   e l e m e n t  

in  p r a c t i c a l   use  t h e r e o f .  

2.  A  method  a c c o r d i n g   to  Claim  1,  w h e r e i n   s a id   p r o v i s i o n a l  

r e s i s t a n c e   is  in  the  range   from  abou t   50%  to  a b o u t  

90%  of  s a id   p r e d e t e r m i n e d   r e s i s t a n c e .  



3.  A  method  a c c o r d i n g   to  Claim  2,  w h e r e i n   s a id   p r o v i s i o n a l  

r e s i s t a n c e   is  in  the  range   from  about   70%  to  a b o u t  

85%  of  s a id   p r e d e t e r m i n e d   r e s i s t a n c e .  

4.  A  method  a c c o r d i n g   to  Claim  2,  w h e r e i n   the  m a g n i t u d e  

of  s a id   a l t e r n a t i n g   v o l t a g e   and  the  d u r a t i o n   of  a p p l i c a t i o n  

of  s a i d   a l t e r n a t i n g   v o l t a g e   be ing   s e l e c t i v e l y   d e t e r m i n e d  

a c c o r d i n g   to  the  d i f f e r e n c e   be tween   s a i d   p r e d e t e r m i n e d  

r e s i s t a n c e   and  s a id   p r o v i s i o n a l   r e s i s t a n c e .  

5.  A  method  a c c o r d i n g   to  Claim  2,  w h e r e i n   the  m a g n i t u d e  

of  s a i d   a l t e r n a t i n g   v o l t a g e   is  more  than  two  t i m e s  

as  h igh  as  s a id   maximum  v o l t a g e .  

6.  A  method  a c c o r d i n g   to  Claim  1  or  2,  w h e r e i n   t h e  

t h i c k n e s s   of  s a id   p a s t e   l a y e r   is  c o n t r o l l e d   such  t h a t  

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

7.  A  method  a c c o r d i n g   to  Claim  1  or  2,  w h e r e i n   s a i d  

p a s t e   is  a p p l i e d   to  s a i d   s u b s t r a t e   by  a  s c r e e n - p r i n t i n g  

t e c h n i q u e .  

8.  A  method  a c c o r d i n g   to  Claim  1,  w h e r e i n   s a i d . r e s i s t o r  

m a t e r i a l   is  a  nob le   m e t a l .  



9.  A  method  a c c o r d i n g   to  Claim  1,  w h e r e i n   s a i d   r e s i s t o r  

m a t e r i a l   is  an  a l l o y   of  nob le   m e t a l s .  

10.  A  method  a c c o r d i n g   to  Claim  8  or  9,  w h e r e i n   s a i d  

p a s t e   a d d i t i o n a l l y   c o n t a i n s   at  l e a s t   one  me ta l   o x i d e  

p o w d e r .  

11.  A  method  a c c o r d i n g   to  Claim  8  or  9,  w h e r e i n   s a i d  

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

12.  A  method  a c c o r d i n g   to  Claim  1,  w h e r e i n   s a i d   s u b s t r a t e  

is  formed  of  a  c e r amic   m a t e r i a l .  
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