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©  Ignition  circuit. 
The  described  invention  relates  to  an  automotive  ignition 

circuit  for  use  in  an  ignition  system  in  which  a  distributor  is 
provided  with  a  magnetic  sensor. 

A  periodic  signal  provided  by  the  magnetic  sensor  is 
compared  with  two  reference  potentials  by  means  of  two 
comparators.  An  output signal  provided  by one  comparator is 

used  to  enable  the  supply  of  current  to  an  ignition  coil  whilst 
an  output  signal  provided  by  the  second  comparator  is  used 
to  disable  current  in  the  ignition  coil.  In  this  way the  switching 
on  and  off  of  the  flow  of  current  through  the  ignition  coil  are 
made  independent  of  one  another  enabling  more  accurate 
ignition  timing  to  be  obtained  at  all  engine  speeds. 



TECHNICAL  FIELD 

Th i s   i n v e n t i o n   r e l a t e s   to  an  i g n i t i o n   c i r c u i t   s u i t a b l e  

f o r   use  in  an  a u t o m o t i v e   i g n i t i o n   sy s t em  h a v i n g   a  d i s t r i b u t o r  

which   is  p r o v i d e d   w i th   a  m a g n e t i c   s e n s o r .  

BACKGROUND  ART 

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

a r e   known.   The  m a g n e t i c   s e n s o r   r e p l a c e s   the   c o n t a c t   b r e a k e r  

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

o u t p u t .  

The  p e r i o d i c   w a v e f o r m   is  c o m p a r e d   w i t h   a  r e f e r e n c e   l e v e l  

and  the   r e s u l t   of  t h i s   c o m p a r i s o n   is  used   to  c o n t r o l   bo th   t h e  

d w e l l   p e r i o d   i . e .   t he   t ime   d u r i n g   which  c u r r e n t   f l o w s   in  t h e  

i g n i t i o n   c o i l   and  the   s p a r k ,   when  the   c o i l   c u r r e n t   i s  

s w i t c h e d   o f f .  

The  dwel l   t ime  and  the   s p a r k   are  d e f i n e d   by  the   s i n g l e  

r e f e r e n c e   l e v e l   and  t h i s   r e s u l t s   in  t h i s   known  c i r c u i t   h a v i n g  

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

coming   too  e a r l y   at  low  e n g i n e   s p e e d .   Also   s i n c e   the   d w e l l  

t ime   c a n n o t   be  r e g u l a t e d   o v e r   the   f u l l   s p e e d   r a n g e   the   known 

c i r c u i t   u se s   more  power   t h a n   is  d e s i r a b l e .  

T h i s   i n v e n t i o n   s e e k s   to  p r o v i d e   an  a u t o m a t i c   i g n i t i o n  

c i r c u i t   s u i t a b l e   fo r   use  w i t h   a  m a g n e t i c   s e n s o r   and  in  w h i c h  

t h e   above  m e n t i o n e d   d i s a d v a n t a g e s   are  m i t i g a t e d .  

BRIEF  SUMMARY  OF  THE  INVENTION 

A c c o r d i n g   to  t he   p r e s e n t   i n v e n t i o n   t h e r e   is  p r o v i d e d   a n  

a u t o m o t i v e   i g n i t i o n   c i r c u i t   fo r   c o n t r o l l i n g   the   s u p p l y   o f  

c u r r e n t   to  an  i g n i t i o n   c o i l   and  s u i t a b l e   f o r   use  in  a n  

i g n i t i o n   s y s t e m   in  which   a  d i s t r i b u t o r   is  p r o v i d e d   w i t h   a 

m a g n e t i c   s e n s o r ,   the   c i r c u i t   c o m p r i s i n g   a  f i r s t   c o m p a r a t o r  

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



fed   from  the   m a g n e t i c   s e n s o r   w i th   a  f i r s t   r e f e r e n c e   p o t e n t i a l  

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

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

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

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

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

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

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

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

r e s p o n s e   to  t he   f i r s t   and  s e c o n d   o u t p u t   s i g n a l s  

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

In  an  e m b o d i m e n t   of  the   i n v e n t i o n   t h e   means   f o r   e n a b l i n g  

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

i n c l u d e s   a  s e t - r e s e t   f l i p - f l o p   a r r a n g e d   to  be  s e t   in  r e s p o n s e  
to  t he   s a i d   f i r s t   o u t p u t   s i g n a l   and  r e s e t   in  r e s p o n s e   to  t h e  

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

D i f f e r e n t i a t i n g   means  may  be  p r o v i d e d   b e t w e e n   t h e  

s e t - r e s e t   f l i p - f l o p   and  the   f i r s t   and  s e c o n d   c o m p a r a t o r s   f o r  

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

Means  may  be  p r o v i d e d   for   p r e v e n t i n g   a  c h a n g e   of  s t a t e  

of  t he   f l i p - f l o p   f o r   a  p r e d e t e r m i n e d   p e r i o d   f o l l o w i n g   t h e  

s e t t i n g   and  r e s e t t i n g   in  r e s p o n s e   to  t h e   f i r s t   and  s e c o n d  

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

The  means   f o r   p r e v e n t i n g   the  c h a n g e   of  s t a t e   of  t h e  

s e t - r e s e t   f l i p - f l i p   may  c o m p r i s e   g a t i n g   means  p o s i t i o n e d  

b e t w e e n   the   d i f f e r e n t i a t i n g   means  and  t he   s e t - r e s e t  

f l i p - f l o p ,   t he   g a t i n g   means  b e i n g   b l o c k e d   f o r   t h e   s a i d  

p r e d e t e r m i n e d   p e r i o d   f o l l o w i n g   t he   s e t t i n g   and  r e s e t t i n g   o f  

t h e   f l i p - f l o p .  

The  g a t i n g   means   may  be  b l o c k e d   by  an  o u t p u t   s i g n a l   f e d  

f rom  a  m o n o s t a b l e ,   t r i g g e r e d   in  r e s p o n s e   to  t h e   s e t t i n g   a n d  

r e s e t t i n g   of  t h e   f l i p - f l o p .  

Means  may  be  p r o v i d e d   fo r   m a i n t a i n i n g   the   f l i p - f l o p   in  a 

r e s e t   c o n d i t i o n   d u r i n g   p e r i o d s   when  no  p e r i o d i c   s i g n a l   i s  

p r o v i d e d   by  t he   m a g n e t i c   s e n s o r .  

Means   may  be  p r o v i d e d   fo r   a d j u s t i n g   t he   e f f e c t i v e   v a l u e  



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

t he   p o i n t   in  t ime   d u r i n g   a  c y c l e   of  the   p e r i o d i c   s i g n a l   a t  

which   the  s u p p l y   of  c u r r e n t   to  t he   i g n i t i o n   c o i l   is  e n a b l e d .  

The  means  fo r   a d j u s t i n g   the  e f f e c t i v e   v a l u e   of  the   f i r s t  

r e f e r e n c e   p o t e n t i a l   may  c o n v e n i e n t l y   c o m p r i s e   means  f o r  

a d d i n g   a  c o n t r o l   p o t e n t i a l   to  the  p e r i o d i c   s i g n a l .  

The  c o n t r o l   p o t e n t i a l   may  be  d e r i v e d   from  c h a r g e   s t o r a g e  

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

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

p o r t i o n .  

The  c h a r g e   s t o r a g e   means  may  be  c h a r g e d   in  r e s p o n s e   t o  

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

l e v e l   in  a  f i r s t   p r e d e t e r m i n e d   d i r e c t i o n   and  may  b e  

d i s c h a r g e d   in  r e s p o n s e   to  the  c u r r e n t   in  t he   i g n i t i o n   c o i l  

a t t a i n i n g   a  p r e d e t e r m i n e d   v a l u e ,   p r e f e r a b l y   a  l i m i t i n g  

v a l u e .  

Means  r e s p o n s i v e   to  d i s t r i b u t o r   s p e e d   a n d / o r   i g n i t i o n  

c i r c u i t   s u p p l y   p o t e n t i a l   may  be  p r o v i d e d   fo r   p e r i o d i c a l l y  

c h a r g i n g   the   c h a r g e   s t o r a g e   means  to  a  r e f e r e n c e   p o t e n t i a l  

d u r i n g   p e r i o d s   when  the  d i s t r i b u t o r   s p e e d   a n d / o r   the   s u p p l y  

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

The  means  fo r   e n a b l i n g   and  d i s a b l i n g   t he   s u p p l y   o f  

c u r r e n t   to  the   i g n i t i o n   c o i l   may  i n c l u d e   one  or  more  o u t p u t  

t r a n s i s t o r s   and  means  may  be  p r o v i d e d   fo r   p r o t e c t i n g   t h e   s a i d  

one  or  more  o u t p u t   t r a n s i s t o r s   a g a i n s t   p o t e n t i a l s   g r e a t e r  

t h a n   a  p r e d e t e r m i n e d   v a l u e .  

An  e x e m p l a r y   e m b o d i m e n t   of  the   i n v e n t i o n   w i l l   now  b e  

d e s c r i b e d   wi th   r e f e r e n c e   to  the  d r a w i n g s   in  w h i c h :  

F i g u r e   1  is  a  s c h e m a t i c   b lock   d i a g r a m   of  an  a u t o m o t i v e  

i g n i t i o n   c i r c u i t   in  a c c o r d a n c e   wi th   t he   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  -   5  a r e   e x p l a n a t o r y   w a v e f o r m   d i a g r a m s  

i l l u s t r a t i n g   the   o p e r a t i o n   of  the   i g n i t i o n   c i r c u i t   of  F i g u r e  
1 .  

R e f e r r i n g   now  to  F i g u r e   1  t he   i g n i t i o n   c i r c u i t   shown  

t h e r e i n   is  p a r t i c u l a r l y   s u i t a b l e   for   p r o d u c t i o n   on  a n  

i n t e g r a t e d   c i r c u i t   ch ip   i l l u s t r a t e d   by  a  d a s h e d   l i n e   box  1 ,  



t h o s e   e l e m e n t s   l y i n g   w i t h i n   the   box  1  b e i n g   l o c a t e d   on  t h e  

c h i p .   The  c i r c u i t   o p e r a t e s   from  a  s u p p l y   p o t e n t i a l   l i n e   2 

w h i c h   is  c o u p l e d   to  an  a u t o m o t i v e   b a t t e r y   via   an  i g n i t i o n  

s w i t c h   ( n o t   s h o w n ) .  

A  m a g n e t i c   s e n s o r   3  which   r e p l a c e s   t he   c o n t a c t   b r e a k e r  

s e t   in  the   a u t o m o t i v e   d i s t r i b u t o r   has  o u t p u t   t e r m i n a l s   4  a n d  

5  w h i c h   a re   r e s p e c t i v e l y   c o n n e c t e d   v ia   r e s i s t o r s   6  and  7  t o  

i n p u t   p i n s   8  and  9  of  t he   c h i p   1.  A  f u r t h e r   r e s i s t o r   10  i s  

c o u p l e d   b e t w e e n   the   p i n s   8  and  9,  the   r e s i s t o r s   6,  7  and  10 

b e i n g   p r o v i d e d   in  o r d e r   to  a d a p t   t he   a m p l i t u d e   of  t he   s i g n a l  

p r o v i d e d   by  the   m a g n e t i c   s e n s o r   3  to  t h e   i n t e g r a t e d   c i r c u i t  

c h i p   1 .  

The  p in   9  i s   c o u p l e d   via   a  r e s i s t o r   11  to  a  p o s i t i v e  

i n p u t   12  of  a  f i r s t   c o m p a r a t o r   13  and  a l s o   to  a  p o s i t i v e  

i n p u t   14  of  a  s e c o n d   c o m p a r a t o r   1 5 .  

A  s e c o n d   and  n e g a t i v e   i n p u t   t e r m i n a l   16  of  t h e  

c o m p a r a t o r   13  r e c e i v e s   a  r e f e r e n c e   p o t e n t i a l   from  v o l t a g e  

s o u r c e s   17  of  v a i u e s  Y 1   and  V4  c o u p l e d   b e t w e e n   t h e  

t e r m i n a l   16  and  g r o u n d .   A  s e c o n d   and  n e g a t i v e   i n p u t   t e r m i n a l  

18  of  t he   c o m p a r a t o r   15  a l s o   r e c e i v e s   a  r e f e r e n c e   p o t e n t i a l  

o f   v a l u e   V2  f rom  one  t e r m i n a l   of  a  v o l t a g e   s o u r c e   19,  a 

s e c o n d   t e r m i n a l   of  which   is  c o u p l e d   t h r o u g h   a  r e s i s t o r   20  t o  

t h e   p in   8 .  

R e f e r r i n g   a l s o   now  to  F i g u r e   2,  when  the   cam  of  t h e  

d i s t r i b u t o r   is  r o t a t i n g   a  c y c l i c   w a v e f o r m   as  shown  in  l i n e   A 

of  F i g u r e   2  w i l l   be  d e v e l o p e d   b e t w e e n   t h e   t e r m i n a l s  4   and  5 

of  t h e   m a g n e t i c   s e n s o r   3.  In  o r d e r   to  c o n t r o l   t he   d w e l l  

t i m e ,   t h a t   is  the   t ime   d u r i n g   which   c u r r e n t   f l o w s   t h r o u g h   t h e  

i g n i t i o n   c o i l ,   a  f e e d b a c k   v o l t a g e   Yc  d e r i v e d   in  a  m a n n e r   t o  

be  d e s c r i b e d   is  a p p l i e d   to  a  t e r m i n a l   21  and  is   added  to  t h e  

c y c l i c   w a v e f o r m   d e r i v e d   from  the   m a g n e t i c   s e n s o r   3  so  t h a t   a 

new  c y c l i c   s i g n a l   V s c i s   a p p l i e d   to  t he   t e r m i n a l   12  of  t h e  

c o m p a r a t o r   13  and  is  c o m p a r e d   w i th   t he   r e f e r e n c e   p o t e n t i a l  

p r o v i d e d   by  the   s o u r c e s   17  a t   the   n e g a t i v e   i n p u t   16  of  t h e  

c o m p a r a t o r   1 3 .  

The  c o m p a r a t o r   13  p r o v i d e s   a  r e c t a n g u l a r   o u t p u t   w a v e f o r m  

h a v i n g   a  t r a n s i t i o n   each   t ime   the   c y c l i c   w a v e f o r m   a p p l i e d   t o  



the  p o s i t i v e   t e r m i n a l   12  of  the   c o m p a r a t o r   c r o s s e s   t h e  

r e f e r e n c e   p o t e n t i a l   a p p l i e d   to  the  n e g a t i v e   t e r m i n a l   1 6 .  

Th i s   o u t p u t   w a v e f o r m   of  the   c o m p a r a t o r   13  is  d i f f e r e n t i a t e d  

by  a  d i f f e r e n t i a t o r   22  which  p r o v i d e s   an  o u t p u t   p u l s e   on  e a c h  

r i s i n g   edge  of  t he   w a v e f o r m   o u t p u t   of  the   c o m p a r a t o r   13 

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

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

d i f f e r e n t i a t e d   o u t p u t   p u l s e   p r o v i d e d   by  the   d i f f e r e n t i a t o r   22  

is  fed  to  one  i n p u t   of  an  AND  g a t e   23  whose  o u p u t   i s  

c o n n e c t e d   to  a  s e t   i n p u t   24  of  a  s e t - r e s e t   f l i p - f l o p   2 5 .  

The  f l i p - f l o p   25  has  an  o u t p u t   26  c o n n e c t e d   to  a  b a s e   2 7  

of  one  t r a n s i s t o r   28  of  a  p a i r   of  D a r l i n g t o n   c o n n e c t e d   o u t p u t  

t r a n s i s t o r s   28  and  29,  t he   t r a n s i s t o r   29  h a v i n g   an  e m i t t e r   3 0  

which   is  c o n n e c t e d   to  an  o u t p u t   pin  31  of  the   i g n i t i o n  

c i r c u i t .   The  t r a n s i s t o r s   28  and  29  have  c o l l e c t o r s   32  and  3 3  

r e s p e c t i v e l y ,  t h e   c o l l e c t o r   32  of  the   t r a n s i s t o r   28  b e i n g  

c o n n e c t e d   to  a  p in   34  of  the   i n t e g r a t e d   c i r c u i t   w h i l s t   t h e  

c o l l e c t o r   33  of  the   t r a n s i s t o r   29  is  c o n n e c t e d   to  a  p in   3 5 .  

The  p i n s   34  and  35  a re   in  o p e r a t i o n   c o u p l e d   to  t he   s u p p l y  

p o t e n t i a l   2  v i a   l o a d   r e s i s t o r s   36  and  37  r e s p e c t i v e l y .   T h e  

o u t p u t   p in   31  is  c o u p l e d   to  a  s w i t c h   38  fo r   s w i t c h i n g   c u r r e n t  

f low  t h r o u g h   the  i g n i t i o n   c o i l   39.  The  c u r r e n t   s w i t c h   3 8  

a l s o   c o n s i s t s   of  two  D a r l i n g t o n   c o n n e c t e d   t r a n s i s t o r s   40  a n d  

41,   the   t r a n s i s t o r   41  h a v i n g   i t s   c o l l e c t o r   e l e c t r o d e   42  

c o n n e c t e d   to  one  t e r m i n a l   of  the   i g n i t i o n   c o i l   39  a  s e c o n d  

t e r m i n a l   which   is  c o u p l e d   to  the   s u p p l y   p o t e n t i a l   2,  w h i l e  

e m i t t e r   e l e c t r o d e   43  of  t he   t r a n s i s t o r   41  is  c o n n e c t e d   to  o n e  

t e r m i n a l   of  a  r e s i s t o r   44  whose  o t h e r   t e r m i n a l   is  c o n n e c t e d  

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

C u r r e n t   t h r o u g h   the   i g n i t i o n   c o i l   39  i s   t u r n e d   o f f   by 

means  of  the   c o m p a r a t o r   15  which  c o m p a r e s   t he   c y c l i c   s i g n a l  

p r o v i d e d   by  the   m a g n e t i c   s e n s o r   3  and  a p p e a r i n g   b e t w e e n   t h e  

p i n s   8  and  9  d i f f e r e n t i a l l y   wi th   the   r e f e r e n c e   p o t e n t i a l  

p r o v i d e d   by  the   s o u r c e   19.  The  c o m p a r a t o r   15  a l s o   p r o v i d e s   a 

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

t ime  the   c y c l i c   w a v e f o r m   c r o s s e s   the  v a l u e   of  the   r e f e r e n c e  

p o t e n t i a l .  



The  o u t p u t   w a v e f o r m   of  t he   c o m p a r a t o r   15  is  d i f f e r e n t i a t e d   i n  

a  d i f f e r e n t i a t o r   45  which   p r o v i d e s   an  o u t p u t   p u l s e   f o r   e a c h  

n e g a t i v e   g o i n g   edge   of  t he   r e c t a n g u l a r   w a v e f o r m   i n d i c a t i v e   o f  

t h e   c y c l i c   w a v e f o r m   f a l l i n g   be low  the   v a l u e   of  t he   r e f e r e n c e  

p o t e n t i a l .   Each  o u t p u t   p u l s e   p r o v i d e d   by  t he   d i f f e r e n t i a t o r  

45  i s   c o n n e c t e d   to  one  i n p u t   of  an  AND  g a t e   46  whose   o u t p u t  
is  fed  via   an  OR  g a t e   47  to  t h e   r e s e t   i n p u t   48  of  t h e  

f l i p - f l o p   25 .   Each  p u l s e   at   t he   r e s e t   i n p u t   48  of  t h e  

f l i p - f l o p   25  i s   o p e r a t i v e   to  r e s e t   t h e   f l i p - f l o p   and  to  t u r n  

o f f   t he   t r a n s i s t o r s   28  and  29  and  h e n c e   t he   t r a n s i s t o r s   4 0  

and  41  and  to  c u t   o f f   t he   c u r r e n t   t h r o u g h   t h e   i g n i t i o n   c o i l  

39  t h e r e b y   p r o d u c i n g   an  i g n i t i o n   s p a r k .  

In  o r d e r   to  p r o t e c t   the   i g n i t i o n   c i r c u i t   a g a i n s t   n o i s e  

t h e   s e t   and  r e s e t   i n p u t s   24  and  48  r e s p e c t i v e l y   of  t h e  

f l i p - f l o p   25  a r e   c o n n e c t e d   to  r e s p e c t i v e   i n p u t s   of  an  OR  g a t e  

49  whose   o u t p u t   t r i g g e r s   a  m o n o s t a b l e   m u l t i v i b r a t o r   50  w h i c h  

in  t u r n   has  an  o u t p u t   51  c o n n e c t e d   to  a  s e c o n d   i n p u t   52  o f  

t h e   AND  g a t e   23  and  to  a  s e c o n d   i n p u t   53  of  the   AND  g a t e   4 6 .  

Each  t i m e   t h e   f l i p - f l o p   25  c h a n g e s   s t a t e   t he   m o n o s t a b l e   50  i s  

t r i g g e r e d   and  p r o v i d e s   an  o u t p u t   p u l s e   which   b l o c k s   each  o f  

t he   AND  g a t e s   23  and  46  d u r i n g   t h e   p e r i o d   of  t he   o u t p u t   p u l s e  

of  the   m o n o s t a b l e   50  wh ich   is  t y p i c a l l y   250  m i c r o s e c o n d s .  

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

25  d u r i n g   t h i s   250  m i c r o s e c o n d   p e r i o d   and  p r o v i d e s   t h e  

f l i p - f l o p   25  w i t h   some  n o i s e   i m m u n i t y .  

The  i g n i t i o n   c i r c u i t   of  t he   i n v e n t i o n   as  shown  in  F i g u r e  

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

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

t i m e   in  a c c o r d a n c e   w i t h   t he   e n g i n e   s p e e d .   The  dwel l   t i m e   i s  

s o u g h t   to  be  c o n t r o l l e d   in  such  a  m a n n e r   t h a t   the   t ime   p e r i o d  

Tr  d u r i n g   w h i c h   c u r r e n t   t h r o u g h   the   i g n i t i o n   c o i l   39  h a s  

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

t y p i c a l l y   8%  of  t he   p e r i o d   T  of  t he   c y c l i c   w a v e f o r m   p r o v i d e d  

by  the   m a g n e t i c   s e n s o r   3 .  

The  p o t e n t i a l   Vc  a p p l i e d   to  t he   t e r m i n a l   21  and  a d d e d  

to  the   s i g n a l   p r o v i d e d   by  t he   s e n s o r   3  is  d e p e n d e n t  



upon  e n g i n e   s p e e d   and  the   e f f e c t   of  t h i s   added   e n g i n e   s p e e d  

d e p e n d e n t   p o t e n t i a l   is  e f f e c t i v e l y   to  vary  t he   r e f e r e n c e  

p o t e n t i a l   l e v e l   for   the  c o m p a r a t o r   13  in  d e p e n d e n c e   u p o n  

e n g i n e   s p e e d .   In  w a v e f o r m   A  as  shown  in  F i g u r e   2  t he   l i n e  

V2  r e p r e s e n t s   the  f i x e d   v a l u e   of  the  r e f e r e n c e   p o t e n t i a l  

fo r   the   c o m p a r a t o r   15  p r o v i d e d   by  the  s o u r c e   19,  t he   l i n e  

Vsc1  r e p r e s e n t s   the  e f f e c t i v e   v a l u e   of  the   r e f e r e n c e  

p o t e n t i a l   of  t he   c o m p a r a t o r   13  fo r   h igh   e n g i n e   s p e e d ,   w h i l s t  

t h e   l i n e   Vsc2  r e p r e s e n t s   the   e f f e c t i v e   v a l u e   of  t h e  

r e f e r e n c e   p o t e n t i a l   for   the   c o m p a r a t o r   13  at   low  e n g i n e  

s p e e d .  

As  can  be  seen  the   e f f e c t i v e   v a l u e   of  t he   r e f e r e n c e  

p o t e n t i a l   fo r   the   c o m p a r a t o r   13  moves  up  and  down  t h e  

w a v e f o r m   p r o v i d e d   by  the   m a g n e t i c   s e n s o r   3  as  t he   e n g i n e  

speed   d e c r e a s e s   and  i n c r e a s e s .   The  r a n g e   of  o n - t i m i n g ,   t h a t  

is  the   r a n g e   of  v a r i a t i o n   in  t ime  at   which  c u r r e n t   t h r o u g h  

the   i g n i t i o n   c o i l   39  is  s w i t c h e d   on  by  the   o u t p u t   from  t h e  

c o m p a r a t o r   13,  is  d e f i n e d   by  the   l i n e s   of  R1  and  R 2 .  

At  low  e n g i n e   s p e e d   the   s e n s o r   w a v e f o r m   c r o s s e s   t he   l o w  

s p e e d   r e f e r e n c e   l e v e l   Vsc2  a t   one  r ange   e x t r e m i t y   R2 
w h i l s t   at  h igh   s p e e d   the  w a v e f o r m   c r o s s e s   t he   h i g h   s p e e d  

r e f e r e n c e   l e v e l   Vsc1  a t   the   r ange   e x t r e m i t y   R1.  C o i l  

c u r r e n t   is  t u r n e d   o f f   at   each   downward  c r o s s i n g   D  by  t h e  

s e n s o r   w a v e f o r m   of  the  r e f e r e n c e   p o t e n t i a l   V2 .  

L ine   B  of  F i g u r e   2  i l l u s t r a t e s   c u r r e n t   t h r o u g h   t h e  

i g n i t i o n   c o i l   at  low  s p e e d   w h i l s t   the   w a v e f o r m   at   l i n e   C 

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

t1  c u r r e n t   b e g i n s   to  f low  t h r o u g h   the   i g n i t i o n   c o i l ,   a t  

t i m e   t2  c u r r e n t   r e a c h e s   i t s   l i m i t i n g   v a l u e   and  at   t ime  t 3  

c u r r e n t   c e a s e s   to  f l o w .   The  t i m e s c a l e s   of  t he   w a v e f o r m s   B ,  

and  C  are   of  c o u r s e   d i f f e r e n t   but   the   f i g u r e s   c l e a r l y  

i l l u s t r a t e   t h a t   the  c u r r e n t   l i m i t i n g   t ime  Tr  r e m a i n s   a 

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

s e n s o r   w a v e f o r m .  

R e f e r r i n g   once  a g a i n   to  F i g u r e   1  a  p o t e n t i a l   d i v i d e r  

fo rmed   by  s e r i e s   c o n n e c t e d   r e s i s t o r s   54  and  55  i s  



c o n n e c t e d   b e t w e e n   t he   e m i t t e r   e l e c t r o d e   43  of  t h e   t r a n s i s t o r  

41  and  g r o u n d .   The  j u n c t i o n   b e t w e e n   t he   r e s i s t o r s   54  and  55 

is  c o u p l e d   t h r o u g h   a  r e s i s t o r   56  to  a  n e g a t i v e   i n p u t   57  of  a n  

o p e r a t i o n a l   a m p l i f i e r   58  a  p o s i t i v e   i n p u t   59  of  w h i c h  

r e c e i v e s   a  r e f e r e n c e   p o t e n t i a l   of  v a l u e   Y3  from  a  band   g a p  
r e f e r e n c e   c i r c u i t   60 .   The  o p e r a t i o n a l   a m p l i f i e r   58  has   a 

f i r s t   o u t p u t   61  w h i c h   is  o p e r a t i v e   to  t u r n   on  a  c u r r e n t  

g e n e r a t o r   62 .   The  c u r r e n t   s o u r c e   62  is   c o n n e c t e d   to  a  

p in   63  of  t h e   i n t e g r a t e d   c i r c u i t   1  and  is  o p e r a t i v e   t o  

d i s c h a r g e   a  c a p a c i t o r   64  which   is   c o n n e c t e d   e x t e r n a l l y   of  t h e  

i n t e g r a t e d   c i r c u i t   1  b e t w e e n   the   p in   63  and  g r o u n d .   A  s e c o n d  

c u r r e n t   s o u r c e   65  is   c o n n e c t e d   in  p a r a l l e l   w i th   t h e   c u r r e n t  

s o u r c e   62  b e t w e e n   t he   p in   63  and  g r o u n d   and  is  o p e r a t i v e   t o  

c h a r g e   t h e   c a p a c i t o r   64 .   The  c u r r e n t   s o u r c e   65  is   t u r n e d   o n  

by  a  l e a d i n g   edge   of  t he   r e c t a n g u l a r   w a v e f o r m   fed  v i a   a 

c o n n e c t i o n   66  f rom  t h e   o u t p u t   of  t he   c o m p a r a t o r   1 5 .  

The  i n s t a n t a n e o u s   p o t e n t i a l   a p p e a r i n g   on  t h e   c a p a c i t o r  

64  is  a p p l i e d   v ia   a  v o l t a g e   f o l l o w e r   67  to  t h e   t e r m i n a l   2 1  

w h e r e   i t   is  a d d e d   to  t he   w a v e f o r m   p r o v i d e d   by  the   m a g n e t i c  

s e n s o r   3  and  i s   o p e r a t i v e   to  c h a n g e   e f f e c t i v e l y   t h e   r e f e r e n c e  

l e v e l   of  t h e   c o m p a r a t o r   13  and  h e n c e   to  c o n t r o l   t he   d w e l l  

t i m e .   T y p i c a l l y   t h e   c u r r e n t   s o u r c e   62  which   d i s c h a r g e s   t h e  

c a p a c i t o r   64  g e n e r a t e s   a  c u r r e n t   wh ich   is   a p p r o x i m a t e l y   s i x  

t i m e s   t h a t   g e n e r a t e d   by  t he   c u r r e n t   s o u r c e   65  which   c h a r g e s  

t h e   c a p a c i t o r   6 4 .  

In  o p e r a t i o n   t h e   c u r r e n t   s o u r c e   65  i s   f i r s t l y   t u r n e d   on 

by  means  of  t h e   o u t p u t   w a v e f o r m   fed  f rom  t h e   c o m p a r a t o r   15  

and  t h i s   c u r r e n t   s o u r c e   65  c h a r g e s   t he   c a p a c i t o r   64.  A 

c u r r e n t   f l o w i n g   t h r o u g h   t h e   i g n i t i o n   c o i l   39  b u i l d s   up  a n d  

c o n s e q u e n t l y   t h e   p o t e n t i a l   a p p l i e d   to  t he   i n p u t   t e r m i n a l   57 

of  t he   o p e r a t i o n a l   a m p l i f i e r   58,  wh ich   i s   r e p r e s e n t a t i v e   o f  

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

i g n i t i o n   c o i l   a l s o   i n c r e a s e s .   The  r e f e r e n c e   p o t e n t i a l  

a p p l i e d   to  t h e   i n p u t   t e r m i n a l   59  of  t he   o p e r a t i o n a l   a m p l i f i e r  

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

maximum,   i . e .   l i m i t i n g ,   v a l u e   and  when  t h i s   l i m i t i n g   v a l u e  



is  r e a c h e d   the   o p e r a t i o n a l   a m p l i f e r   61  w i l l   p r o v i d e   an  o u t p u t  

s i g n a l   at  i t s   o u t p u t   61  which   s w i t c h e s   on  the   c u r r e n t   s o u r c e  

62  which  commences   to  d i s c h a r g e   the  c a p a c i t o r   6 4 .  

The  o p e r a t i o n a l   a m p l i f i e r   58  is  a l s o   u t i l i z e d   t o  

r e g u l a t e   the  c o i l   c u r r e n t   by  p r o v i d i n g   a  s e c o n d   o u t p u t   6 8  

c o n n e c t e d   to  the   base   e l e c t r o d e   27  of  the   t r a n s i s t o r   28.  I n  

t h i s   way  c u r r e n t   t h r o u g h   t he   o u t p u t   t r a n s i s t o r s   28  and  2 9 ,  
and  hence   the   c o i l   c u r r e n t   f l o w i n g   t h r o u g h   t he   i g n i t i o n   c o i l  

39,  a re   r e g u l a t e d .  

A  p r o b l e m   can  a r i s e   a t   low  s p e e d   and  low  s u p p l y   v o l t a g e .  

Under   t h e s e   c o n d i t i o n s   i t   is   p o s s i b l e   t h a t   t h e   c u r r e n t  

f l o w i n g   t h r o u g h   the   i g n i t i o n   c o i l   39  may  n e v e r   r e a c h   i t s  

l i m i t i n g   v a l u e .   C o n s e q u e n t l y   in  each  c y c l e   of  t h e   w a v e f o r m  

p r o v i d e d   by  the   m a g n e t i c   s e n s o r   3,  the   o u t p u t   fed   from  t h e  

c o m p a r a t o r   15  w i l l   t u r n   on  the   c u r r e n t   s o u r c e   65  to  c h a r g e  

t he   c a p a c i t o r   64  bu t   b e c a u s e   the   c o i l   c u r r e n t   n e v e r   l i m i t s ,  

the   c u r r e n t   s o u r c e   62  w i l l   n e v e r   be  t u r n e d   on.  The  e f f e c t   o f  

t h i s   is  i l l u s t r a t e d   in  F i g u r e   3  to  which  r e f e r e n c e   w i l l   now 

be  m a d e .  

In  F i g u r e   3  and  c o n s i d e r i n g   f i r s t l y   F i g u r e   3A  t he   l e v e l  

of  the   p o t e n t i a l   V4  is  i n d i c a t e d ,   t o g e t h e r   w i t h   the   l e v e l  

V4 +  V1  r e p r e s e n t i n g   the   a c t u a l   p o t e n t i a l   a p p l i e d   to  t h e  

i n p u t   16  of  the   c o m p a r a t o r   13  and  d e r i v e d   from  t h e   v o l t a g e  

s o u r c e s   17.  The  w a v e f o r m   Ym  i s   the   s e n s o r   w a v e f o r m   a p p l i e d  

b e t w e e n   the   i n p u t   t e r m i n a l s   14  and  18  of  t he   c o m p a r a t o r   15  

w h i l s t   the   w a v e f o r m   Vsc  i s   the   w a v e f o r m   a p p l i e d   to  t h e  

p o s i t i v e   i n p u t   t e r m i n a l   12  of  t he   c o m p a r a t o r   13.  F i g u r e   38 

shows  the   w a v e f o r m   o u t p u t   p r o v i d e d   by  the   c o m p a r a t o r   15 

w h i l s t   the   w a v e f o r m   shown  in  F i g u r e   3C  i l l u s t r a t e s   t h e  

i n c r e a s i n g   p o t e n t i a l   on  t he   c a p a c i t o r   64.  I g n i t i o n   c o i l  

c u r r e n t   is  i l l u s t r a t e d   in  F i g u r e   3D  and  the  l i n e   IL 

i n d i c a t e s   the   l i m i t i n g   v a l u e   of  t he   c o i l   c u r r e n t .   As  can  b e  

s e e n   in  F i g u r e   3A  the   e f f e c t   of  the   s t e a d i l y   i n c r e a s i n g  

c h a r g e   on  the  c a p a c i t o r   64  is  to  c a u s e   the   o v e r a l l   l e v e l   o f  

the   w a v e f o r m   Vsc  to  r i s e   u n t i l   i t   no  l o n g e r   c r o s s e s   t h e  

l e v e l   Von  a p p l i e d   to  t h e  



n e g a t i v e   i n p u t   t e r m i n a l   16  of  t he   c o m p a r a t o r   13.  The  p o i n t s  

P1,   P2  and  P3  a t   which   the   w a v e f o r m   Vsc  c r o s s e s   the   l e v e l  

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

by  an  o u t p u t   of  t he   c o m p a r a t o r   13  and  as  can  be  s e e n   t h e  

p o i n t   P3  w i l l   be  t he   l a s t   t u r n   on  of  t h i s   c o i l   c u r r e n t .  

T h e r e a f t e r   t he   c o i l   c u r r e n t   w i l l   no t   be  t u r n e d   on  and  t h e  

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

T h i s   p r o b l e m   is   o v e r c o m e   by  c o n n e c t i n g   t he   p in   63  to  t h e  

p o t e n t i a l   s o u r c e   17  t h r o u g h   a  s w i t c h   69  which   is  n o r m a l l y  

o p e n .   The  s w i t c h   is   c l o s e d   in  r e s p o n s e   to  an  o u t p u t   p u l s e  

p r o v i d e d   by  a  s p e e d   d e t e c t o r   70  which   p r o v i d e s   o u t p u t   p u l s e s  

in  r e s p o n s e   to  b e i n g   t r i g g e r e d   a t   a  t r i g g e r i n g   i n p u t   71  by 

means   of  t he   o u t p u t   w a v e f o r m   fed  from  t he   c o m p a r a t o r   15.   T h e  

s p e e d   d e t e c t o r   70  p r o v i d e s   o u t p u t   p u l s e s   f o l l o w i n g   t r i g g e r i n g  

a f t e r   e i t h e r   a  d e l a y   t ime   T1  or  T2.  The  d e l a y   t ime  T1 

or   T2  i s   c h o s e n   in  d e p e n d e n c e   upon  s u p p l y   v o l t a g e   a s  

f o l l o w s .   An  i n p u t   p in   72  of  t he   c i r c u i t   1  is  c o u p l e d   to   t h e  

s u p p l y   p o t e n t i a l   2  t h r o u g h   a  r e s i s t o r   73.  A  Z e n e r   d i o d e   74  

is  c o n n e c t e d   b e t w e e n   the   pin  72  and  g r o u n d   p o t e n t i a l .   A 

v o l t a g e   d e t e c t o r   75  i s   a l s o   c o n n e c t e d   to  the   pin  72  a n d  

d e t e c t s   w h e t h e r   or  no t   the   Z e n e r   d i o d e   74  is  l i m i t i n g ,   w h i c h  

l i m i t i n g   t a k e s   p l a c e   a t   normal   s u p p l y   v o l t a g e .  

The  v o l t a g e   d e t e c t o r   75  c o n t r o l s   c u r r e n t   s u p p l i e d   by  a 

c u r r e n t   s o u r c e   76  c o n n e c t e d   to  a  c o n t r o l   i n p u t   79  of  t h e  

s p e e d   d e t e c t o r   70 .   The  c o n t r o l   i n p u t   79  is   a l s o   c o n n e c t e d   t o  

a  p in   78  of  t h e   i n t e g r a t e d   c i r c u i t   c h i p   1.  An  e x t e r n a l  

c a p a c i t o r   77  is   c o u p l e d   b e t w e e n   t h e   p in   78  and  g r o u n d .  

The  c u r r e n t   s o u r c e   76  and  t he   c a p a c i t o r   77  a r e   t he   t i m e  

d e t e r m i n i n g   e l e m e n t s   of  t he   s p e e d   d e t e c t o r   70.   At  low  s u p p l y  

v o l t a g e s   t he   v o l t a g e   d e t e c t o r   75  c o n t r o l s   t he   c u r r e n t  

s u p p l i e d   by  t he   s o u r c e   76  to  a  f i r s t   r e l a t i v e l y   h igh   v a l u e   s o  

t h a t   t he   s p e e d   d e t e c t o r   o p e r a t e s   on  d e l a y   t i m e  T 1   wh ich   i s  

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

d e t e c t o r   70  d i s a p p e a r   at  a  f r e q u e n c y   a t   which   the   o u t p u t  

w a v e f o r m   p r o v i d e d   by  the   m a g n e t i c   s e n s o r   3  is  s u f f i c i e n t l y  

l a r g e   t h a t   t he   c r i t i c a l   s i t u a t i o n   i l l u s t r a t e d   in  F i g u r e   3 



does   not  o c c u r .   At  s p e e d s   h i g h e r   t h a n   t h i s   c r i t i c a l  

f r e q u e n c y   the   s p e e d   d e t e c t o r   70  w i l l   be  r e t r i g g e r e d   b e f o r e   a n  

o u p u t   p u l s e   is  p r o v i d e d   so  t h a t   no  o u t p u t   p u l s e s   wi l l   o c c u r .  

Where  s p e e d   f a l l s   below  t h i s   c r i t i c a l   v a l u e   so  t h a t  

p e r i o d i c a l l y   an  o u t p u t   p u l s e   is  p r o v i d e d   by  the   s p e e d  

d e t e c t o r   70  t h i s   p u l s e   o p e r a t e s   to  c l o s e   the   s w i t c h   69  

t h e r e b y   c o n n e c t i n g   the   c a p a c i t o r   64  to  the   p o t e n t i a l   s o u r c e  
17.   Th i s   r e s u l t s   in  the   c a p a c i t o r   64  b e i n g   c h a r g e d   to  t h e  

r e f e r e n c e   l e v e l   of  the   p o t e n t i a l   s o u r c e   17  e a c h   t i m e   t h a t   a n  

o u p u t   p u l s e   is  p r o v i d e d   by  the   s p e e d   d e t e c t o r   70.  The  e f f e c t  

of  p e r i o d i c a l l y   c h a r g i n g   the   c a p a c i t o r   64  to  t he   r e f e r e n c e  

p o t e n t i a l   of  the   s o u r c e   17  w i l l   now  be  d e s c r i b e d   w i t h  

r e f e r e n c e   to  F i g u r e   4 .  

In  F i g u r e   4,  F i g u r e   4A  i l l u s t r a t e s   t he   m a g n e t i c   s e n s o r  

w a v e f o r m   Vm,  F i g u r e   4C  i l l u s t r a t e s   t he   o u t p u t   of  t h e  

c o m p a r a t o r   15  F i g u r e   4D  shows  the   o u t p u t   p u l s e s   p r o v i d e d   by  

t h e   speed   d e t e c t o r   70,  the   p e r i o d   Tc  r e p r e s e n t i n g   t h e  

p e r i o d   of  the   o u t p u t   p u l s e s   of  t he   s p e e d   d e t e c t o r   d u r i n g  

w h i c h   the  s w i t c h   69  is   c l o s e d .   F i g u r e   4E  shows  the  p o t e n t i a l  

on  the  c a p a c i t o r   64  w h i l s t   F i g u r e   4F  i l l u s t r a t e s   the   c u r r e n t  

t h r o u g h   the  i g n i t i o n   c o i l   39.  T h i s   c u r r e n t   t h r o u g h   the  c o i l  

as  shown  in  F i g u r e   4F  once  a g a i n   can  be  seen   not   to  r i s e   t o  

t h e   l i m i t i n g   v a l u e   IL.  D u r i n g   the   p e r i o d   Tc,  d u r i n g  

which   the  s w i t c h   69  is  c l o s e d   due  to  t he   s p e e d   d e t e c t o r   7 0  

no t   h a v i n g   been  r e s e t   f o r   a  p e r i o d   T l ,   t h e   p o t e n t i a l   on  t h e  

c a p a c i t o r   64  is   h e l d   at  t he   p o t e n t i a l   Von  of  the   s o u r c e  

17.  The  e f f e c t   of  t h i s   on  the   w a v e f o r m   a p p l i e d   to  t h e  

p o s i t i v e   i n p u t   t e r m i n a l   12  of  t he   c o m p a r a t o r   13  i s  

i l l u s t r a t e d   in  F i g u r e   4B.  The  w a v e f o r m   Vsc  can  be  s e e n  

to  be  s t e p p e d   down  in  l e v e l   at   p o i n t s   Pc  which   c o r r e s p o n d  

to  the  c l o s i n g   of  t he   s w i t c h   69  so  t h a t   t he   w a v e f o r m   does   n o t  

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

V4  +  V4  and  V1  b u t   c o n t i n u e s   to  c y c l e   a b o u t   t h o s e  

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

normal   o p e r a t i o n   at  low  s u p p l y   v o l t a g e   and  s p e e d .  



At  n o r m a l   s u p p l y   v o l t a g e   t he   s p e e d   d e t e c t o r   70  i s  

s w i t c h e d   to  a  much  l o n g e r   t ime   c o n s t a n t   T2  and  as  w i l l   now 
be  s e e n   t h i s   l o n g e r   t ime   c o n s t a n t   e n a b l e s   t h e   s p e e d   d e t e c t o r  

to   d e t e c t   ve ry   low  s p e e d s   e . g .   c r a n k i n g   s p e e d s   to  e n s u r e   t h a t  

the   i g n i t i o n   c i r c u i t   can  f o l l o w   a c c e l e r a t i o n   and  d e c e l e r a t i o n  

a t   such   low  s p e e d .   When  t he   v o l t a g e   d e t e c t o r   75  d e t e c t s  

l i m i t i n g   of  t h e   Z e n e r   d i o d e   74  t he   c u r r e n t   s u p p l i e d   by  t h e  

c u r r e n t   s o u r c e   76  i s   s w i t c h e d   to  a  much  l o w e r   v a l u e   so  t h a t  

t h e   d e l a y   t i m e   of  t he   s p e e d   d e t e c t o r   70  a d o p t s   t h e   much  

l o n g e r   t i m e   c o n s t a n t   T2.  T y p i c a l l y   t he   s p e e d   d e t e c t o r   7 0  

w i l l   p r o v i d e   o u t p u t s   at  d e l a y   T1  a t   d i s t r i b u t o r   s p e e d s   o f  

430  r e v o l u t i o n s   per   m i n u t e   w h i l s t   t he   d e l a y   t ime   T2  b e c o m e s  

o p e r a t i v e   a t   d i s t r i b u t o r   s p e e d s   of  60  r . p . m .  

O p e r a t i o n   of  the   i g n i t i o n   c i r c u i t   w i t h   the   s p e e d  

d e t e c t o r   70  a t   ve ry   low  s p e e d   i s   i l l u s t r a t e d   in  F i g u r e   5  t o  

w h i c h   r e f e r e n c e   w i l l   now  be  m a d e .  

In  F i g u r e   5,  F i g u r e   5A  i l l u s t r a t e s   t he   s e n s o r   w a v e f o r m  

Vm  t o g e t h e r   w i t h   the   w a v e f o r m   Vsc  a p p l i e d   to  t h e  

p o s i t i v e   i n p u t   12  of  the   c o m p a r a t o r   13.  The  l e v e l s   L 1 ,  

L2  and   L3  r e p r e s e n t   t he   s p a r k   l e v e l   s e t   by  the   p o t e n t i a l  

V2,  t h e   ON  l e v e l   fo r   the   c u r r e n t   s o u r c e   65  and  the   on  l e v e l  

f o r   t h e   c u r r e n t   s o u r c e   62  r e s p e c t i v e l y .   Waveform  5B  s h o w s  

t h e   o u t p u t   of  t he   c o m p a r a t o r   15,   F i g u r e   5D  shows  t h e  

p o t e n t i a l   on  the   c a p a c i t o r   64,   w h i l s t   t he   w a v e f o r m   5E 

i l l u s t r a t e s   t he   c u r r e n t   t h r o u g h   t he   i g n i t i o n   c o i l   3 9 .  

A  p r o b l e m   at   ve ry   low  s p e e d   such   as  c r a n k i n g   s p e e d   i s  

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

s m a l l   t h a t   t h e   c o m p a r a t o r   15  s w i t c h e s   t h e   c u r r e n t   s o u r c e   6 5  

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

c a p a c i t o r   64  r e m a i n s   s u b s t a n t i a l l y   t o t a l l y   d i s c h a r g e d .   As 

can  be  s e e n   in  F i g u r e   5A  i t   is  p o s s i b l e   t h a t   t he   s e n s o r  

w a v e f o r m   may  no t   c r o s s   t he   r e f e r e n c e   l e v e l   V4  +  Y1.  I n  

F i g u r e   5C  t h e   s p e e d   d e t e c t o r   70  can  be  s een   to  p r o v i d e   a n  

o u t p u t   p u l s e   wh ich   c o m m e n c e s   a t   a  d e l a y   t ime  T2  a f t e r  

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

f rom  t h e   c o m p a r a t o r   15.  In  F i g u r e   5D  the   c a p a c i t o r   64  can  b e  



seen  to  be  c h a r g i n g   fo r   a  s h o r t   p e r i o d   f o l l o w i n g   t h e   end  o f  

the   p e r i o d   Tc.  In  t h i s   way  the   v o l t a g e   l e v e l   VSC  c a n  
r i s e   u n t i l   i t   becomes   equa l   to  V4  +  V1  so  t h a t   c o m p a r a t o r  
13  can  s w i t c h   the  c o i l   c u r r e n t   on.  As  soon  as  t he   c u r r e n t   i s  

at   i t s   l i m i t i n g   v a l u e ,   c a p a c i t o r   64  is  d i s c h a r g e d   a g a i n   by 

c u r r e n t   s o u r c e   62.  The  c a p a c i t o r   64  can  be  s een   to  b e  

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

each   p e r i o d   Tc  d u r i n g   which  o u t p u t   p u l s e s   p r o v d e d   by  t h e  

s p e e d   d e t e c t o r   70  the   s w i t c h   69  c l o s e s   and  the   c a p a c i t o r   6 4  

is  r e s t o r e d   to  the   r e f e r e n c e   l e v e l   V4.  The  i g n i t i o n  

c i r c u i t   can  in  t h i s   way  f o l l o w   any  a c c e l e r a t i o n   o r  
d e c e l e r a t i o n   at  very   low  s p e e d .  

The  i g n i t i o n   c i r c u i t   has  s e v e r a l   p r o t e c t i o n   d e v i c e s .   A 

c i r c u i t   80  is  a l s o   t r i g g e r e d   by  t he   o u t p u t   s i g n a l   fed   f r o m  

the   c o m p a r a t o r   15.  In  the   a b s e n c e   of  an  o u t p u t   w a v e f o r m   f r o m  

the  c o m p a r a t o r   15,  i . e .   when  the   d i s t r i b u t o r   is  no t   r o t a t i n g ,  

an  o u t p u t   81  is  fed  from  the   c i r c u i t   80  t h r o u g h   a  s e c o n d  

i n p u t   of  the   OR  g a t e   47  to  the   r e s e t   i n p u t   of  t h e   f l i p - f l o p  

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

t h e r e b y   p r e v e n t   c u r r e n t   f l o w i n g   t h r o u g h   the   i g n i t i o n   c o i l   3 9 .  

The  i g n i t i o n   c o i l   is  t h e r e f o r e   p r e v e n t e d   from  b e i n g   b u r n t   o u t  

w h i l s t   the   d i s t r i b u t o r   is  not   r o t a t i n g .   A  p o w e r - o n   r e s e t  

c i r c u i t   82  is  a l s o   p r o v i d e d   and  t h i s   c i r c u i t   has  an  o u t p u t   83  

a l s o   c o u p l e d   to  a  t h i r d   i n p u t   of  t he   OR  g a t e   47.  T h e  

p o w e r - o n   r e s e t   c i r c u i t   82  s e n s e s   the   i n i t i a l   a p p l i c a t i o n   o f  

the  s u p p l y   p o t e n t i a l   2  and  p r o v i d e s   an  o u t p u t   p u l s e   to  r e - s e t  

t he   f l i p - f l o p   25  u n t i l   such  t ime  as  a  s e n s o r   w a v e f o r m   i s  

p r o v i d e d   by  the   m a g n e t i c   s e n s o r   3  d u r i n g   the   s t a r t i n g   of  t h e  

e n g i n e .  

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

D a r l i n g t o n   c o n n e c t e d   t r a n s i s t o r s   28  and  29.  A  p a i r   o f  

r e s i s t o r s   84  and  85  a re   c o n n e c t e d   in  s e r i e s   b e t w e e n   t h e  

s u p p l y   p o t e n t i a l   2  and  g r o u n d .   The  j u n c t i o n   of  t h e s e  

r e s i s t o r s   is  c o u p l e d   to  pin  86  of  the   c h i p   1.  A  Z e n e r   d i o d e  

87  is  c o u p l e d   b e t w e e n   the  pin  86  and  a  ba se   e l e c t r o d e   88  of  a 

p a i r   of  D a r l i n g t o n   c o n n e c t e d   t r a n s i s t o r s   89  and  90.  T h e  



t r a n s i s t o r   90  of  t he   D a r l i n g t o n   c o n n e c t e d   p a i r   is  c o u p l e d   t o  

a  f u r t h e r   p in   91  of  the   c h i p ,   w h i c h   p in   is   c o n n e c t e d   t h r o u g h  

a  r e s i s t o r   92  to  t he   p in   35  to  w h i c h   the   c o l l e c t o r   e l e c t r o d e  

33  of  t h e   t r a n s i s t o r   29  is   c o n n e c t e d .   When  the   p o t e n t i a l   a t  

t h e   p in   86  e x c e e d s   t he   b r e a k d o w n   v o l t a g e   of  t he   Z e n e r   d i o d e  

87  t h e   p in   91  wh ich   is  c o u p l e d   to  t h e   c o l l e c t o r   e l e c t r o d e   o f  

t h e   t r a n s i s t o r   90  is   p u l l e d   down  t h e   c l a m p s   t he   p o t e n t i a l   a t  

t h e   p in   35  to  a  s a f e   v o l t a g e   a t   w h i c h   t he   o u t p u t   t r a n s i s t o r  

28  and  29  can  s t i l l   o p e r a t e .   The  v o l t a g e   a t   which   t h i s  

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

r e s i s t o r s   84  and  85.   The  t r a n s i s t o r s   40  and  41  of  t h e   s w i t c h  

38  a r e   p r o t e c t e d   by  means  of  a  f u r t h e r   Z e n e r   d i o d e   93  m o u n t e d  

on  the   i n t e g r a t e d   c i r c u i t   c h i p   and  c o n n e c t e d   b e t w e e n   a  p in   9 4  

and  t he   o u t p u t   p in   31  of  t he   c h i p .   Two  s e r i e s   c o n n e c t e d  

r e s i s t o r s   95  and  96  a r e   c o n n e c t e d   b e t w e e n   t he   c o l l e c t o r  

e l e c t r o d e   42  of  t h e   t r a n s i s t o r   41  and  g r o u n d   p o t e n t i a l   a n d  

t h e   p in   94  of  t h e   c h i p   is  c o u p l e d   to  t he   j u n c t i o n   of  t h e  

r e s i s t o r s   95  and  9 6 .  

The  i n v e n t i o n   has  been  d e s c r i b e d   by  way  of  e x a m p l e   o n l y  
and  m o d i f i c a t i o n s   may  be  made  w i t h o u t   d e p a r t i n g   f rom  t h e  

s c o p e   of  t he   i n v e n t i o n .  



1.  An  a u t o m o t i v e   i g n i t i o n   c i r c u i t   for   c o n t r o l l i n g   t h e  

s u p p l y   of  c u r r e n t   to  an  i g n i t i o n   c o i l   and  s u i t a b l e   f o r   use  i n  

an  i g n i t i o n   s y s t e m   in  which  a  d i s t r i b u t o r   is  p r o v i d e d   wi th   a 

m a g n e t i c   s e n s o r ,   the   c i r c u i t   c o m p r i s i n g   a  f i r s t   c o m p a r a t o r  
fo r   c o m p a r i n g   the   a m p l i t u d e   of  a  p e r i o d i c   s i g n a l   fed   from  t h e  

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

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

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

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

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

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

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

the   s e c o n d   r e f e r e n c e   p o t e n t i a l   l e v e l   and  means  f o r   e n a b l i n g  

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

r e s p o n s e   to  t he   f i r s t   and  s e c o n d   o u t p u t   s i g n a l s  

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

2.  An  i g n i t i o n   c i r c u i t   as  c l a i m e d   in  c l a i m   1  w h e r e i n   t h e  

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

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

s e t   in  r e s p o n s e   to  the   s a i d   f i r s t   o u t p u t   s i g n a l   and  r e s e t   i n  

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

3.  An  i g n i t i o n   c i r c u i t   as  c l a i m e d   in  c l a i m   1  or  2  w h e r e i n  

d i f f e r e n t i a t i n g   means  is  p r o v i d e d   b e t w e e n   the   s e t   r e - s e t  

f l i p - f l o p   and  t he   f i r s t   and  s e c o n d   c o m p a r a t o r s   f o r  

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

4.  An  i g n i t i o n   c i r c u i t   as  c l a i m e d   in  any  p r e c e d i n g   c l a i m  

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

the   f l i p - f l o p   f o r   a  p r e d e t e r m i n e d   p e r i o d   f o l l o w i n g   t h e  

s e t t i n g   and  r e s e t t i n g   in  r e s p o n s e   to  the   f i r s t   and  s e c o n d  

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



5.  An  i g n i t i o n   c i r c u i t   as  c l a i m e d   in  c l a i m   4  w h e r e i n   t h e  

means   f o r   p r e v e n t i n g   the   c h a n g e   of  s t a t e   of  the   s e t   r e - s e t  

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

d i f f e r e n t i a t i n g   means   and  the   s e t   r e - s e t   f l i p - f l o p   t h e   g a t i n g  

means  b e i n g   b l o c k e d   fo r   the   s a i d   p r e d e t e r m i n e d   p e r i o d  

f o l l o w i n g   t h e   s e t t i n g   and  r e s e t t i n g   of  t he   f l i p - f l o p .  

6.  An  i g n i t i o n   c i r c u i t   as  c l a i m e d   in  c l a i m   5  w h e r e i n   t h e  

g a t i n g   means   is  b l o c k e d   by  an  o u t p u t   s i g n a l   fed   f rom  a  

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

r e - s e t t i n g   of  t he   f l i p - f l o p .  

7.  An  i g n i t i o n   c i r c u i t   as  c l a i m e d   in  any  p r e c e d i n g   c l a i m  

w h e r e i n   means   is   p r o v i d e d   f o r   m a i n t a i n i n g   t h e   f l i p - f l o p   in  a 

r e s e t   c o n d i t i o n   d u r i n g   p e r i o d s   when  no  p e r i o d i c   s i g n a l   i s  

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

8.  An  i g n i t i o n   c i r c u i t   as  c l a i m e d   in  any  p r e c e d i n g   c l a i m  

w h e r e i n   means   is   p r o v i d e d   f o r   a d j u s t i n g   t he   e f f e c t i v e   v a l u e  

of   t he   f i r s t   r e f e r e n c e   l e v e l   in  o r d e r   to  c o n t r o l   t h e   p o i n t   i n  

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

s u p p l y   of  c u r r e n t   to  t he   i g n i t i o n   c o i l   is  e n a b l e d .  

9.  An  i g n i t i o n   c i r c u i t   as  c l a i m e d   in  c l a i m   8  w h e r e i n   t h e  

means   f o r   a d j u s t i n g   the   e f f e c t i v e   v a l u e   of  t he   f i r s t  

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

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

10.   An  i g n i t i o n   c i r c u i t   as  c l a i m e d   in  c l a i m   9  w h e r e i n   t h e  

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

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

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

p o r t i o n .  



11.  An  i g n i t i o n   c i r c u i t   as  c l a i m e d   in  c l a i m   10  w h e r e i n   t h e  

c h a r g e   s t o r a g e   means  is  a  c a p a c i t o r .  

12.  An  a u t o m o t i v e   i g n i t i o n   c i r c u i t   as  c l a i m e d   in  c l a i m   10  o r  

11  w h e r e i n   the   c h a r g e   s t o r a g e   means  is  c h a r g e d   in  r e s p o n s e   t o  

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

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

r e s p o n s e   to  the   c u r r e n t   in  t he   i g n i t i o n   c o i l  a t t a i n i n g   a 

p r e d e t e r m i n e d   v a l u e .  

13 .   An  i g n i t i o n   c i r c u i t   as  c l a i m e d   in  c l a i m   12  w h e r e i n   t h e  

c a p a c i t o r   is  d i s c h a r g e d   in  r e s p o n s e   to  t he   c u r r e n t   in  t h e  

i g n i t i o n   c o i l   a t t a i n i n g   a  l i m i t i n g   v a l u e .  

14.  An  i g n i t i o n   c i r c u i t   as  c l a i m e d   in  any  one  of  c l a i m s  

1 0 - 1 3   w h e r e i n   means  r e s p o n s i v e   to  d i s t r i b u t o r   s p e e d   a n d / o r  

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

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

p o t e n t i a l   d u r i n g   p e r i o d s   when  the   d i s t r i b u t o r   s p e e d   a n d / o r  

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

15.  An  i g n i t i o n   c i r c u i t   as  c l a i m e d   in  any  p r e c e d i n g   c l a i m  

w h e r e i n   the   means  f o r   e n a b l i n g   and  d i s a b l i n g   the   s u p p l y   o f  

c u r r e n t   to  t he   i g n i t i o n   c o i l   i n c l u d e s   one  or  more  o u t p u t  

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

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

v a l u e .  
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