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©  Process  for  the  production  of  PTC  thermistors. 

  A  process  for  the  production  of  glass  sealed  types  PTC 
thermistors  is  disclosed  wherein  a  positive  temperature  coef- 
ficient  semiconductor  ceramic  material  (1)  is  sealed  in  a  glass 
(4)  having  a  softening  point  of  no  higher  than  560°C  in  the 
presence  of  air,  oxygen  or  an  air/oxygen  mixture. 



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 o c e s s   f o r   t h e  

p r o d u c t i o n   of  PTC  t h e r m i s t o r s .  

As  is  w e l l - k n o w n   in  t he   a r t ,   a  t h e r m i s t o r   a imed  a t  

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

s e a l e d   in  g l a s s   or  r e s i n   so  as  to  k e e p   i t   from  b e i n g  

a f f e c t e d   by  o t h e r   f a c t o r s   such  as  h u m i d i t y   or  g a s .  

R e f e r r i n g   e s p e c i a l l y   to  NTC  t h e r m i s t o r s ,   t h e r e   a r e  

a v a i l a b l e   g l a s s - s e a l e d   t y p e   t h e r m i s t o r s   wh ich   a r e  

i n e x p e n s i v e ,   e a s y   to   m a s s - p r o d u c e   and  have   s t a b i l i z e d  

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

t h e r m i s t o r s .  

T u r n i n g   to  PTC  t h e r m i s t o r s ,   h o w e v e r ,   g l a s s - s e a l e d  

t y p e   PTC  t h e r m i s t o r s   a r e   s t i l l   no t   p r o d u c e d ,   and  i n s t e a d  

use   is   made  of  r e s i n - s e a l e d   d i s c - f o r m   PTC  t h e r m i s t o r s   o r  

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

o n t o   e l e c t r o d e s .  

T h i s   may  be  a t t r i b u t a b l e   to  t he   p r o p e r t i e s   of  PTC 

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

t e m p e r a t u r e   and  a t m o s p h e r e   a t   and  in  w h i c h   t h e   t h e r m i s t o r  

e l e m e n t s   a r e   s e a l e d   in  g l a s s .  

C o n v e n t i o n a l   NTC  t h e r m i s t o r s   a r e   p r e p a r e d   by  g l a s s  

s e a l i n g   in  vacuum  or  a  r e d u c i n g   a t m o s p h e r e   such   as  N2  o r  

Ar  gas  so  as  to  p r e v e n t   Dumet  w i r e s   or  h e a t e r s   f rom  b e i n g  

o x i d i z e d .   In  c o n s e q u e n c e   of  t h e   s t u d i e s   made  by  t h e  

p r e s e n t   i n v e n t o r s ,   i t   has   b e e n   r e v e a l e d   t h a t   t h e  

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

a t m o s p h e r e   to  PCT  t h e r m i s t o r s   c a u s e s   t h e   p r o p e r t i e s  

t h e r e o f   to  d e t e r i o r a t e   to  a  c o n s i d e r a b l e   e x t e n t .   I t   h a s  

a l s o   been   found   t h a t ,   u n d e r   such  c o n d i t i o n s ,   t h e   g l a s s  

s e a l i n g   t e m p e r a t u r e   r e a c h e s   as  h i g h   as  650°C ,   a t   w h i c h  

t e m p e r a t u r e   the   p r o p e r t i e s   of  PTC  t h e r m i s t o r s   d e t e r i o r a t e  

s i g n i f i c a n t l y .  

In  v iew  of  t he   f o r e g o i n g ,   a  main  o b j e c t   of  t h e  

p r e s e n t   i n v e n t i o n   is   to  p r o v i d e   i n e x p e n s i v e   g l a s s - s e a l e d  

t y p e   PTC  t h e r m i s t o r s   w h i c h   show  a  g r e a t   c h a n g e   i n  

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

r e s i s t a n c e   at  s w i t c h i n g   t e m p e r a t u r e s ,   and  which   h a v e  



s t a b i l i z e d   p r o p e r t i e s  .  

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

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

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

(PTC)  s e m i c o n d u c t o r   c e r a m i c   m a t e r i a l   in  g l a s s   in  t h e  

p r e s e n c e   of  a i r ,   o x y g e n   or  an  a i r / o x y g e n   m i x t u r e   ( w h e r e i n  

0%  < t h e   v o l u m e   of  a i r >   1 0 0 % ) .  

A c c o r d i n g   to   a n o t h e r   a s p e c t   of  t h e   p r e s e n t  

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

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

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

g l a s s   h a v i n g   a  s o f t e n i n g   p o i n t   of  no  h i g h e r   t h a n   5 6 0 ° C .  

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

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

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

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

g l a s s   h a v i n g   a  s o f t e n i n g   p o i n t   of  no  h i g h e r   t h a n   560°C  i n  

t h e   p r e s e n c e   of  a i r ,   oxygen   or  an  a i r / o x y g e n   m i x t u r e  

( w h e r e i n   0 %  <  t h e   v o l u m e   of  a i r >   1 0 0 % ) .  

The  i n v e n t i o n   w i l   be  more  p a r t i c u l a r l y   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 : -  

F i g u r e   1  i s   a  s c h e m a t i c   v i ew   s h o w i n g   one  e m b o d i m e n t  

of  t h e   s t e p s   of  a  p r o c e s s   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 ;   a n d  

F i g u r e s   2  to   4  i n c l u s i v e   a r e   v i e w s   s h o w i n g   t h e  

t e m p e r a t u r e - s p e c i f i c   r e s i s t a n c e   c h a r a c t e r i s t i c s   of  t h e  

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

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

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

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

to  b a r i u m   t i t a n a t e   b a s e   c o m p o s i t i o n s   any  one  of  t r i v a l e n t  

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

p e n t a v a l e n t   n i o b i u m   or  a  r a r e   e a r t h   m e t a l .   The  g l a s s  

u sed   has   a  s o f t e n i n g   p o i n t   of  4 5 0 ° C - 5 6 0 ° C   i n c l u s i v e ,   a n d  

i n c l u d e s   t h o s e   g l a s s e s   b a s e d   on  B 2 O 3 - P b O - Z n O ,  

B 2 O 3 - P b O - S i O 2 ,   B 2 O 3 - P b O - T i 2 O ,   B 2 O 3 - P b O - S i O 2 - A l 2 O 3 - Z n O ,  

B 2 O 3 - P b O - V 2 O 5 ,   S i O 2 - P b O - K 2 O ,   S i O 2 - P b O - N a 2 O   a n d  

S i O 2 - P b O - K 2 O - N a 2 O .   P r e f e r e n c e   i s   g i v e n   to  a  S i O 2 - P b O - K 2 O  



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

e x p a n s i o n   and  w e t t a b i l i t y   w i t h   r e s p e c t   to  l e a d   w i r e s  

(Dumet   w i r e s ,   v i z . ,   F e - N i   a l l o y   w i r e s   p l a t e d   w i t h   C u ) .  

When  a  g l a s s   h a v i n g   a  s o f t e n i n g   p o i n t   of  b e l o w  
4500C  i s   u s e d ,   c e r t a i n   l i m i t a t i o n s   a r e   i m p o s e d   upon  t h e  

t e m p e r a t u r e   a t   wh ich   t h e   r e s u l t i n g   g l a s s - s e a l e d   t y p e   PTC 

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

R e f e r r i n g   now  to  F i g u r e   1,  a  s e m i c o n d u c t o r   b a r i u m  

t i t a n a t e   c e r a m i c   m a t e r i a l   1  is   f i r s t   s l i c e d   to  a n y  
s u i t a b l e   t h i c k n e s s   h a v i n g   r e g a r d   to  t he   l e n g t h   of  a  g l a s s  

t u b e   4  in  w h i c h   t he   f i n i s h e d   t h e r m i s t o r   e l e m e n t   i s   to  b e  

s e a l e d .   S i l v e r   e l e c t r o d e s   2  and  2  a r e   a p p l i e d   to  b o t h  

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

f o r   20  m i n u t e s   a t   6 0 0 ° C .   F i g u r e   l ( a )   shows  a  s e c t i o n   o f  

t h e   e l e c t r o d e - p r o v i d e d   e l e m e n t .  

As  shown  in  F i g u r e   l ( b ) ,   t h e   e l e m e n t   i s   t h e n   cu t   t o  

any  l e n g t h   c o r r e s p o n d i n g   to   t he   d i a m e t e r   of  t h e   g l a s s  

t u b e   4 .  

The  e l e m e n t   i s   p l a c e d   in  t h e   t u b e   4  of  a  g l a s s  

h a v i n g   a  s o f t e n i n g   p o i n t   of  no  h i g h e r   t h a n   5 6 0 ° C ,   i n t o  

b o t h   e n d s   of  wh ich   Dumet  w i r e s   3  and  3  a r e   i n s e r t e d .  

F i n a l l y ,   t h e   g l a s s   t u b e   4  i s   s e a l e d   by  means   of  a  c a r b o n  

h e a t e r   j i g .   The  s e a l i n g   t e m p e r a t u r e   i s   d e t e r m i n e d  

d e p e n d i n g   upon  t he   s o f t e n i n g   p o i n t   of  t h e   g l a s s   u s e d ,   a n d  

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

u s e d   by  50°C  or  m o r e .  

In  t he   p r i o r   a r t   NTC  g l a s s   s e a l e d   t h e r m i s t o r s ,   a  

g l a s s   h a v i n g   a  s o f t e n i n g   p o i n t   e x c e e d i n g   5600C  i s   u s e d  

and  s e a l i n g   i s   c a r r i e d   ou t   at   a  t e m p e r a t u r e   e x c e e d i n g  
6 1 0 ° C .   I f   s e a l i n g   of  a  PTC  t h e r m i s t o r   i s   c a r r i e d   o u t  

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

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

t h e   p r e s e n t   i n v e n t i o n ,   h o w e v e r ,   i t   is   p o s s i b l e   to  o b t a i n  

s t a b l e   PTC  t h e r m i s t o r s   whose   p r o p e r t i e s   d r o p   o n l y  

s l i g h t l y   by  s e a l i n g   t h e   t h e r m i s t o r   e l e m e n t s   in  a  

l o w - m e l t i n g   g l a s s   h a v i n g   a  s o f t e n i n g   p o i n t   of  no  h i g h e r  

t h a n   5 6 0 ° C .  

F i g u r e   2  shows  t h e   r e s u l t s   of  an  e x p e r i m e n t   r u n  



w h e r e i n   PTC  t h e r m i s t o r   e l e m e n t s   h a v i n g   a  C u r i e   p o i n t   o f  

120°C  w e r e   s e a l e d   in  g l a s s e s   in  t h e   a r t .  

A l t h o u g h   t h e   r e s u l t i n g   p r o p e r t i e s   h a v i n g   s l i g h t l y  

d r o p p e d   f rom  t h e   i n i t i a l   o n e s   ( p r i o r   to  s e a l i n g ) ,   y e t   t h e  

PTC  t h e r m i s t o r   e l e m e n t   s e a l e d   in  a  g l a s s   h a v i n g   a  

s o f t e n i n g   p o i n t   of  5360C  or  560°C  h a s   been   f o u n d   to   s h o w  

e x c e l l e n t   p r o p e r t i e s .   I t   has   a l s o   b e e n   f o u n d   t h a t  

s i m i l a r   r e s u l t s   a r e   o b t a i n e d   w i t h   PTC  t h e r m i s t o r   e l e m e n t s  

h a v i n g   d i f f e r e n t   C u r i e   p o i n t s .   The  r e s u l t s   of  F i g u r e   2 

a r e   a l s o   n u m e r i c a l l y   g i v e n   in   T a b l e   1 .  

F i g u r e   3  i s   a  c h a r a c t e r i s t i c   d i a g r a m   of  a  PTC 

t h e r m i s t o r   s e a l e d   in  g l a s s   in   v a r i o u s   a t m o s p h e r e s .   T h e  

PTC  t h e r m i s t o r   u s e d   had  a  C u r i e   p o i n t   of  120°C,   a n d  

s e a l i n g   was  c a r r i e d   o u t   a t   6 1 0 ° C .  

I t   i s   c l e a r   f rom  t h e   d i a g r a m   t h a t   s e a l i n g   in  a i r   o r  

o x y g e n   gas  y i e l d s   a  b e t t e r   PTC  t h e r m i s t o r   as  c o m p a r e d  

w i t h   one  t r e a t e d   in  v a c u o   or   in  an  i n e r t   or  r e d u c i n g   g a s  

a t m o s p h e r e .   The  r e s u l t s   of  F i g u r e   3  a r e   n u m e r i c a l l y  

g i v e n   in  T a b l e   2 .  

I t   i s   to  be  u n d e r s t o o d   t h a t   s i m i l a r   r e s u l t s   a r e  

o b t a i n e d   in  an  a i r / o x y g e n   m i x t u r e   a n d / o r   w i t h   a  PTC 

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

F i g u r e   4  is   a  g r a p h i c a l   v i e w   s h o w i n g   t h e   r e l a t i o n  

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

PTC  t h e r m i s t o r s   o b t a i n e d   by  s e a l i n g   a  PTC  t h e r m i s t o r  

e l e m e n t   h a v i n g   a  C u r i e   p o i n t   of  1200C  in  g l a s s   in  a i r  

a n d / o r   o x y g e n   g a s .   The  r e s u l t s   of  F i g u r e   4  a r e  

n u m e r i c a l l y   g i v e n   in  T a b l e   3 .  

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

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   PTC  t h e r m i s t o r s   a r e  

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

i s   c o m p a r a b l e   to  t he   p r o p e r t i e s   p r i o r   to  s e a l i n g .  

I t   i s   to   be  u n d e r s t o o d   t h a t   s i m i l a r   r e s u l t s   a r e  

o b t a i n e d   in  an  a i r / o x y g e n   m i x t u r e   a n d / o r   w i t h   PTC 

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

I t   i s   to  be  u n d e r s t o o d   t h a t ,   in  p l a c e   of  a  c a r b o n  

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

h e a t i n g   j i g ,   may  be  u sed   f o r   s e a l i n g   t h e   g l a s s   t u b e   4 .  









As  e x p l a i n e d   a b o v e ,   t h e   p r e s e n t   i n v e n t i o n   makes   i t  

p o s s i b l e   to  i n e x p e n s i v e l y   p r e p a r e   PTC  t h e r m i s t o r s   h a v i n g  

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

h i g h   v a l u e .  



1.  A  p r o c e s s   f o r   t he   p r o d u c t i o n   of  PTC  t h e r m i s t o r s  

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

c o e f f i c i e n t   s e m i c o n d u c t o r   c e r a m i c   m a t e r i a l   (1)  in  g l a s s  

(4)  in  t h e   p r e s e n c e   of  a i r ,   o x y g e n   or  an  a i r / o x y g e n  

m i x t u r e   ( w h e r e i n   0%  t h e   v o l u m e   of  a i r   1 0 0 % ) .  

2.  A  p r o c e s s   f o r   t h e   p r o d u c t i o n   of  PTC  t h e r m i s t o r s  

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

c o e f f i c i e n t   s e m i c o n d u c t o r   c e r a m i c   m a t e r i a l   (1)  in  a  

l o w - m e l t i n g   g l a s s   h a v i n g   a  s o f t e n i n g   p o i n t   of  no  h i g h e r  

t h a n   5 6 0 ° C .  

3.  A  p r o c e s s   f o r   t he   p r o d u c t i o n   of  PTC  t h e r m i s t o r s  

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

c o e f f i c i e n t   s e m i c o n d u c t o r   c e r a m i c   m a t e r i a l   (1)  in  a  l o w -  

m e l t i n g   g l a s s   (4)  h a v i n g   a  s o f t e n i n g   p o i n t   of  no  h i g h e r  

t h a n   560°C  in  t h e   p r e s e n c e   of  a i r ,   o x y g e n   or  a n  

a i r / o x y g e n   m i x t u r e   ( w h e r e i n   0%  t h e   v o l u m e   of  a i r  

1 0 0 % ) .  

4.  A  p r o c e s s   a c c o r d i n g   to  c l a i m   1,  2  or  3 ,  

c h a r a c t e r i s e d   in   t h a t   t h e   g l a s s   (4)  has  a  s o f t e n i n g   p o i n t  
of  f rom  450°C   to   560°C  i n c l u s i v e .  

5.  A  p r o c e s s   a c c o r d i n g   to  any  one  of  t h e   p r e c e d i n g  

c l a i m s ,   c h a r a c t e r i s e d   in  t h a t   t h e   g l a s s   (4)  i s   in  t h e  

form  of  a  t u b e   s e a l e d   a t   b o t h   e n d s .  

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

in  t h a t   l e a d   w i r e s   (3)  a r e   i n s e r t e d   i n t o   o p p o s i t e   e n d s   o f  

the   g l a s s   t u b e   (4)  p r i o r   to  t h e   s e a l i n g   t h e r e o f .  

7.  A  p r o c e s s   a c c o r d i n g   to  c l a i m   5  or  6 ,  

c h a r a c t e r i s e d   in  t h a t   e l e c t r o d e s   (2)  a r e   a p p l i e d   t o  

o p p o s i t e   s i d e s   of  t h e   s e m i c o n d u c t o r   m a t e r i a l   (1)  p r i o r   t o  

i t s   i n s e r t i o n   in  t h e   g l a s s   t u b e   ( 4 ) .  

8.  A  p r o c e s s   a c c o r d i n g   to  any  one  of  t h e   p r e c e d i n g  

c l a i m s ,   c h a r a c t e r i s e d   in  t h a t   t he   g l a s s   u sed   i s   b a s e d   o n  

B2O3-PbO-ZnO,   B 2 O 3 - P b O - S i O 2 ,   B 2 O 3 - P b O - T i 2 O ,  

B 2 O 3 - P b O - S i O 2 - A l 2 O 3 - Z n O ,   B 2 0 3 - P b O - V 2 0 5 1   S i o 2 - P b O - K 2 0 ,  

S i O 2 - P b O - N a 2 O   or   S i O 2 - P b O - K 2 O - N a 2 O .  
9.  A  p r o c e s s   a c c o r d i n g   to  any  one  of  t h e   p r e c e d i n g  

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



(1)  i s   a  b a r i u m   t i t a n a t e   c e r a m i c   m a t e r i a l .  

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

in  t h a t   t h e   b a r i u m   t i t a n a t e   c e r a m i c   m a t e r i a l   has   a d d e d  

t h e r e t o   any  one  of  t r i v a l e n t   a n t i m o n y ,   t r i v a l e n t   b i s m u t h ,  

p e n t a v a l e n t   t a n t a l u m ,   p e n t a v a l e n t   n i o b i u m   or  a  r a r e   e a r t h  

m e t a l .  
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