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©  Circuitry  including  charge  storage  means  for  boosting  a  limited  current  supplied  to  a  load. 

©  The  invention  is  applicable,  for  example,  to  fire  or  smoke 
detection  circuitry  where  an  integrated  circuit  (7)  is  separated 
by  an  appreciable  cabie  impedance  (2)  from  a  remote  current 
source  (1).  The  source  (1)  provides  a  limited  current  which  is 
normally  sufficient  to  operate  the  integrated  circuit  (7), 
except  when  logic  transitions  occur  requiring  more  than  the 
amount  of  current  available. 

Charge  storage  means  (4),  such  as  a  capacitor,  is 
charged  from  the  source  and  discharges  into  the  integrated 
circuit  (7)  to  provide  the  additional  current  during  logic 
transactions.  Switching  means  (6)  responsive  to  the  charge 
storage  means  (4)  is  connected  to  the  integrated  circuit  (7).  In 
the  event  of  disconnecting  and  reconnecting  the  current 
source  (1),  the  switching  means  (6)  isolates  the  charge 
storage  means  (4)  from  the  integrated  circuit  (7)  until 
sufficient  charge  has  been  stored.  Specific  embodiments 
respectively  employ  a  programmable  unijunction  transistor 
(PUJ  1)  and  a  Schmitt  trigger  circuit  (D5,  D6;  R7-R12; 
TR2-TR4;  and  C3). 
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T h e   invention  is  applicable,  for  example,  to  fire  or  smoke 
detection  circuitry  where  an  integrated  circuit  (7)  is  separated 
by  an  appreciable  cable  impedance  (2)  from  a  remote  current 
source  (1).  The  source  (1)  provides  a  limited  current  which  is 
normally  sufficient  to  operate  the  integrated  circuit  (7), 
except  when  logic  transitions  occur  requiring  more  than  the 
amount  of  current  available. 

Charge  storage  means  (4),  such  as  a  capacitor,  is 
charged  from  the  source  and  discharges  into  the  integrated 
circuit  (7)  to  provide  the  additional  current  during  logic 
transactions.  Switching  means  (6)  responsive  to  the  charge 
storage  means  (4)  is  connected  to  the  integrated  circuit  (7).  In 
the  event  of  disconnecting  and  reconnecting  the  current 
source  (1),  the  switching  means  (6)  isolates  the  charge 
storage  means  (4)  from  the  integrated  circuit  (7)  until 
sufficient  charge  has  been  stored.  Specific  embodiments 
respectively  employ  a  programmable  unijunction  transistor 
(PUJ  1)  and  a  Schmitt  trigger  circuit  (D5,  D6;  R7-R12; 
TR2-TR4;  and  C3). 





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

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

more  p a r t i c u l a r l y ,   t h o u g h   n o t   e x c l u s i v e l y   to  e l e c t r i c a l  

c i r c u i t   a r r a n g e m e n t s   f o r m i n g   p a r t   of  a  f i r e   or  smoke   d e t e c -  

t o r .  

I t   i s   d e s i r a b l e   from  b o t h   e c o n o m i c   and  t e c h n i c a l   c o n s i -  

d e r a t i o n s   t h a t   f i r e   or  smoke  d e t e c t o r s   d e s i g n e d   to  b e  

p o w e r e d   and  m o n i t o r e d   by  a  r e m o t e l y   l o c a t e d   c o n t r o l   u n i t  

s h o u l d   have   a  low  s t a n d b y   c u r r e n t   r e q u i r e m e n t .   T h i s  

r e q u i r e m e n t   s t e m s   from  an  e c o n o m i c   need   to  m i n i m i s e  

power   c o n s u m p t i o n ,   and  from  t h e   commonly   p r a c t i c e d   t e c h -  

n i q u e   of   d i f f e r e n t i a t i n g   b e t w e e n   s t a n d b y   and  a l a r m   s t a t e s  

by  a r r a n g i n g   fo r   t he   c u r r e n t   t a k e n   by  t he   d e t e c t o r   t o  

i n c r e a s e   s i g n i f i c a n t l y   when  a  f i r e   i s   s e n s e d .   As  t h e r e  

may  be  many  d e t e c t o r s   c o n n e c t e d   to  t h e   same  c i r c u i t   i t  

i s   u s u a l   and  d e s i r a b l e   fo r   t h i s   c u r r e n t   c h a n g e   to  b e  

in  t he   o r d e r   of  1 : 1 0 3 ,   i . e .   from  m i c r o - a m p s   to  m i l l i -  

amps .   H i g h e r   c u r r e n t s   a r e   n o r m a l l y   no t   p r a c t i c a b l e  

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

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

u n i t   m o n i t o r i n g   c i r c u i t .  

Some  d e t e c t o r   t y p e s   such   as  t h o s e   which   d e t e c t   smoke  b y  

o p t i c a l   or  i o n i s i n g   r a d i a t i o n   means   have   i n c o r p o r a t e d   i n  

them  s i g n i f i c a n t   e l e c t r o n i c   c i r c u i t r y   which   can  w i t h  

a d v a n t a g e   be  i m p l e m e n t e d ,   in  t o t a l   or  in  p a r t ,   by  l o w  

c u r r e n t   t e c h n o l o g y   i n t e g r a t e d   c i r c u i t s   such   as  CMOS.  A  

f e a t u r e   of   some  t y p e s   of   t h e s e   i n t e g r a t e d   c i r c u i t s   i s  

t h a t   in  t he   q u i e s c i e n t   s t a t e   t h e y   d r a i n   ve ry   l i t t l e  

c u r r e n t ,   a  few  m i c r o - a m p s   or  l e s s .   H o w e v e r ,   when  t h e  

c i r c u i t   i s   ' a c t i v e '   i t   may  d r a i n   many  m i l l i - a m p s ,   a l b e i t  

fo r   p e r i o d s   of  on ly   a  few  m i c r o s e c o n d s   and  l e s s .   T h i s  

c u r r e n t   d r a i n   can  o c c u r   fo r   i n s t a n c e   d u r i n g   s w i t c h i n g  

t r a n s i t i o n s   b e t w e e n   l o g i c a l   1  and  l o g i c a l   0  s t a t e s ,  

when  fo r   an  i n s t a n t ,   a t   t h e   p o i n t   of  t r a n s i t i o n   b e t w e e n  



t h e   s t a t e s ,   b o t h   s o u r c e   and  d r a i n   c o n d u c t i n g   p a t h s   a r e  

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

to  t h e   i n t e g r a t e d   c i r c u i t .  

The  c u r r e n t   r e q u i r e d   d u r i n g   a  s w i t c h i n g   t r a n s i t i o n   i s  

n o r m a l l y   s u p p l i e d   e i t h e r   d i r e c t l y   from  t h e   power   s u p p l y ,  

or  by  a  l o c a l   c a p a c i t o r   in  c i r c u m s t a n c e s   w h e r e   a  s i g n i f i - .  

c a n t   i m p e d a n c e   e x i s t s   b e t w e e n   t h e   s u p p l y   and  t h e   i n t e -  

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

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

i s h e d   by  t h e   c o n t r o l   u n i t   d u r i n g   t he   p e r i o d   b e t w e e n  

t r a n s i t i o n s .   The  c a p a c i t o r   e s s e n t i a l l y   a c t s   as  a  l o c a l  

p o w e r   s u p p l y   a b l e   to  s u p p l y   p u l s e s   of  c u r r e n t   and  a t  

t h e   same  t i m e   m a i n t a i n   a  w o r k i n g   v o l t a g e   l e v e l   a c r o s s  

t h e   i n t e g r a t e d   c i r c u i t .  

The  c a p a c i t o r   t e c h n i q u e   d e s c r i b e d   a b o v e   u s u a l l y   p r o v e s  

s a t i s f a c t o r y   o n c e   t h e   c a p a c i t o r   has   been  c h a r g e d   to  t h e  

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

c i r c u m s t a n c e s   p r o b l e m s   can  a r i s e   when  t h e   c i r c u i t   i s  

f i r s t ' p o w e r e d u p ' .   Some  i n t e g r a t e d   c i r c u i t s ,   p a r t i c u l a r l y  

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

c i r c u i t ,   can  s t a r t   to  e x e c u t e   a  s w i t c h i n g   t r a n s i t i o n  

b e f o r e   a  w o r k i n g   v o l t a g e   l e v e l   has   been  e s t a b l i s h e d .   I f  

t h e   i m p e d a n c e   b e t w e e n   t h e   i n t e g r a t e d   c i r c u i t   and  t h e  

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

v i n g   s u f f i c i e n t   c u r r e n t   to  mee t   t h e   s w i t c h i n g   c u r r e n t  

d e m a n d , t h e   t r a n s i t i o n   may  n o t   be  c o m p l e t e d   d e s p i t e   t h e  

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

i n t o   a  ' h u n g - u p '   s t a t e ,   c o n d u c t i n g   bu t   i n o p e r a t i v e .  

The  b a s i c   c a p a c i t o r   t e c h n i q u e   a l s o   has   t he   d i s a d v a n t a g e  

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

can  a l s o   be  f a l s e l y   s e n s e d   by  t h e   c o n t r o l   u n i t   as  a  f i r e  

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

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

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

w i t h   s w i t c h i n g   t r a n s i t i o n s   in   t h e   i n t e g r a t e d   c i r c u i t .  

The  p r e s e n t   i n v e n t i o n   s e e k s   to  p r o v i d e   a  s o l u t i o n   t o  

t h i s   t y p e   of   p r o b l e m .  



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

a  l o a d   wh ich   i s   c o n n e c t a b l e  t o   a  c u r r e n t   s o u r c e   w i t h  a  

l i m i t e d   o u t p u t   w h e r e b y   t h e   l o a d   can  n o r m a l l y   be  s u p p l i e d  

w i t h   a  l i m i t e d   c u r r e n t ,   s a i d   c i r c u i t r y   i n c l u d i n g   c h a r g e  

s t o r a g e  m e a n s   c h a r g e a b l e   from  s a i d   s o u r c e   and  d i s c h a r g e -  

a b l e   i n t o   s a i d   l o a d   when  s a i d   l o a d   r e q u i r e s ,   f o r   a  l i m i t e d  

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

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

s a i d   c h a r g e   s t o r a g e   m e a n s ,   s a i d   s w i t c h i n g   means   b e i n g  

o p e r a t i v e   such   t h a t   s a i d   c h a r g e   s t o r a g e   means   i s  d i s c o n -  

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

d i s c o n n e c t e d ,   to  e n a b l e   s a i d   c h a r g e   s t o r a g e   means   t o  

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

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

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

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

o p e r a t i o n ,   i . e .   to  a v o i d   m a l f u n c t i o n   when  t h e   c u r r e n t  

s o u r c e   i s   r e c o n n e c t e d   to  t h e   l o a d   and  t h e   l o a d   r e q u i r e s  

more  t h a n   t h e   l i m i t e d   c u r r e n t   to  r e a c h   an  o p e r a t i v e   s t a t e .  

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

means   c o n n e c t e d   to  t h e   c h a r g e   s t o r a g e   means  w h e r e b y  

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

when  t h e   v o l t a g e   a c r o s s  t h e   c h a r g e   s t o r a g e   means   e x c e e d s  

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

The  s w i t c h i n g   means  may  c o m p r i s e   a  g a t e   c o n t r o l   r e c t i -  

f y i n g   d e v i c e ,   such   as  a  p r o g r a m m a b l e   u n i j u n c t i o n   r e s i s t o r ,  

or  i t   may  c o m p r i s e   a  S c h m i t t   t r i g g e r .  

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

means   when  t h e   v o l t a g e   t h e r e a c r o s s   f a l l s   b e l o w   a  p r e d e t e r -  

.  m i n e d   v a l u e .  

The  c i r c u i t r y   i s   p a r t i c u l a r l y   a p p l i c a b l e   to  a  f i r e   o r  

smoke  d e t e c t o r   w h e r e i n   t h e   l i m i t e d   c u r r e n t   i s   due   a t  

l e a s t   to  c a b l e   i m p e d a n c e   b e t w e e n   a  f i r e   or  smoke  d e t e c t i n g  

head   and  a  r e m o t e   s t a t i o n .  



E m b o d i m e n t s   of   t h e   i n v e n t i o n   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  t h e   a c c o m p a n y i n g   s c h e m a t i c   d r a w i n g s   in  w h i c h :  

F i g . l   i s   a  s c h e m a t i c   b l o c k   d i a g r a m   of   a  d e v i c e   i n c o r -  

p o r a t i n g   c i r c u i t r y   a c c o r d i n g   to  an  e m b o d i m e n t   of   t h e  

i n v e n t i o n ;  

F i g . 2   i s   a  c i r c u i t   d i a g r a m ,   in  g r e a t e r  d e t a i l ,   o f   a  

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

t i o n   t r a n s i s t o r ,   a n d  

F i g . 3   i s   a  c i r c u i t   d i a g r a m   of   a n o t h e r   s p e c i f i c   e m b o d i -  

ment   of   t h e   i n v e n t i o n   w h i c h   e m p l o y s   a  S c h m i t t   t r i g g e r .  

F i g u r e   1  shows   a  s c h e m a t i c   e x a m p l e   of   t h e   i n v e n t i o n .   A 

c o n t r o l   u n i t   1  i s   c o n n e c t e d   to  one  or  more  d e t e c t o r s   b y  

c a b l e   i m p e d a n c e   2  .   T h i s   i m p e d a n c e   i s   n o t   c r i t i c a l  

and  may  v a r y   from  z e r o   to  a  v a l u e   l i m i t e d   by  f a c t o r s  

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

a b o v e .   Such  a  f a c t o r   may  be  t h e   maximum  i m p e d a n c e   f o r  

r e l i a b l e   s i g n a l l i n g   of   an  a l a r m   c o n d i t i o n .   Each  d e t e c t o r  

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

3  s u c h  a s   a  r e s i s t o r   or  c o n s t a n t   c u r r e n t   s e m i c o n d u c t o r  

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

c h a r g e   s t o r a g e   c i r c u i t  4   to  a  v a l u e   b e l o w   t h e   a l a r m  

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

n e e d   to  o p e r a t e   t h e   d e t e c t o r ' s  i n t e g r a t e d   c i r c u i t   7 .   T h e  

v o l t a g e   and  h e n c e   c h a r g e   a v a i l a b l e   f rom  t h e   c h a r g e  

s t o r a g e   d e v i c e   i s   m o n i t o r e d   by  a  v o l t a g e   s e n s o r   5  .  

When  a  p r e s e t   v o l t a g e   a b o v e   t h e   minimum  w o r k i n g   v o l t a g e  

of   t h e   i n t e g r a t e d   c i r c u i t  7   i s   a t t a i n e d   t h e   v o l t a g e  

s e n s o r   t r i g g e r s   a  f a s t ,   low  i m p e d a n c e   s w i t c h   c i r u i t   6  .  

The  i m p e d a n c e   of   t he   s w i t c h   c i r c u i t   mus t   be  low  e n o u g h  

to  s u p p l y   from  t h e   c h a r g e   s t o r a g e   d e v i c e   any  c u r r e n t  

d e m a n d e d   by  t h e   i n t e g r a t e d   c i r c u i t   d u r i n g   a  ' s w i t c h i n g  
t r a n s i t i o n ' .  



A  p r o b l e m   can  o c c u r   w i t h   t he   a r r a n g e m e n t   so  f a r   d i s c u s s e d  

and  d i s c l o s e d   i f   t he   c o n t r o l   u n i t   i s   s w i t c h e d   o f f   a n d  

t h e n   s w i t c h e d   on  a g a i n .   When  t h e   c o n t r o l   u n i t   i s   s w i t c h e d  

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

be  p o w e r e d   by  t h e   c h a r g e   in  t h e   c h a r g e   s t o r a g e   d e v i c e  

bu t   b o t h   c h a r g e   and  v o l t a g e   w i l l   g r a d u a l l y   d e c a y .   I f  

t h e   v o l t a g e   i s   a l l o w e d   to  f a l l   b e l o w   t h e   minimum  s a f e  

w o r k i n g   v o l t a g e . , t h e   i n t e g r a t e d   c i r c u i t   may  no t   be  a b l e  

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

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

d e m a n d e d   by  t h e   i n t e g r a t e d   c i r c u i t   f a l l s   to  a  low  l e v e l .  

A f t e r   t h i s   has   o c u r r e d   t he   r a t e   of   v o l t a g e   d e c a y   w i l l  

be  r e d u c e d   to  a  low  l e v e l .   I f   t h e   c o n t r o l   u n i t   i s   now 

r e c o n n e c t e d   t h e   d e t e c t o r   w i l l   n o t   p o w e r   up  as  p r e v i o u s l y  

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

in  t h e   wrong  s t a t e   and  s t i l l   c o n d u c t i v e .   I t   i s   t h e r e f o r e  

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

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

Th i s   can  be  a c h i e v e d   by  u s i n g   a  s w i t c h   w i t h   v o l t a g e  

h y s t e r e s i s   such   as  a  S c h m i t t   t r i g g e r ,   or  by  r e s e t t i n g  

t h e   s w i t c h   when  t h e   s u p p l y   to  t h e   d e t e c t o r   i s   d i s c o n -  

n e c t e d .   The  l a t t e r   m e t h o d   i s   shown  s c h e m a t i c a l l y   i n  

f i g u r e   1.  A  s u p p l y   m o n i t o r   c i r c u i t  9   r e s e t s   t h e   f a s t ,  

low  i m p e d a n c e   s w i t c h   c i r c u i t   6  i f   t h e   s u p p l y   v o l t a g e   i s  

d i s c o n n e c t e d   or  f a l l s   be low  a  s a f e   l e v e l .  

Ala rm  s i g n a l s   o r i g i n a t i n g   from  t h e   i n t e g r a t e d   c i r c u i t   7 

may  be  t r a n s m i t t e d   to  t h e   c o n t r o l   u n i t   v i a   an  a l a r m   c i r -  

c u i t   8  u s i n g   c o n v e n t i o n a l   t e c h n i q u e s .   I t   may  be  n e c -  

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

a l a r m   c i r c u i t   in  o r d e r   to  m i n i m i s e   c u r r e n t   demand  f r o m  

t h e   c h a r g e   s t o r a g e   d e v i c e .  

An  e m b o d i m e n t   of   t h e   i n v e n t i o n   i s   shown  d i a g r a m a t i c a l l y  

in  f i g u r e   2  .   Power  from  t h e   c o n t r o l   u n i t   i s   s u p p l i e d  

to  t he   d e t e c t o r   v i a   t e r m i n a l s   1  and  6.  R e s i s t o r   R2  a n d  

z e n e r   d i o d e   ZDI  p r o t e c t   t h e   r e m a i n d e r   of   t h e   c i r c u i t r y  

from  l i n e   bo rn   h i g h   v o l t a g e   e l e c t r i c a l   t r a n s i e n t s .   T h e  



i n t e g r a t e d   c i r c u i t   -IDl  and  r e s i s t o r   R7  form  a  b i p o l a r  

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

of  c a p a c i t o r s   C3  and  C4.  The  c o n s t a n t   c u r r e n t   can   b e  

s e t   by  a d j u s t m e n t   of  R7.  Z e n e r  d i o d e   ZD2  and  r e s i s t o r  

R8  form  a  v o l t a g e   l e v e l   s e n s o r   and  v o l t a g e   r e u l a t o r .  

When  t h e   v o l t a g e   on  t h e   c a p a c i t o r s   C3  and  C4  e x c e e d s  

t h e   z e n e r   v o l t a g e   of  ZD2  a  b i a s   v o l t a g e   a p p e a r s   a c r o s s  

R8  and  t r i g g e r s   p r o g r a m m a b l e   u n i j u n c t i o n   t r a n s i s t o r  

PUJ  1.  T h i s   d e v i c e   has   a  f a s t   s w i t c h i n g   c h a r a c t e r i s t i c  

b e c a u s e   o f   i n t e r n a l   r e g e n e r a t i v e   a c t i o n ,   and  a  l o w   o n  

s t a t e   i m p e d a n c e .   When  t he   PUJ  1  i s   t r i g g e r e d ,   c h a r g e  

i s   s h a r e d   b e t w e e n   c a p a c i t o r s   C3  and  C4  and  c a p a c i t o r s  

C5  and  C6.  The  v o l t a g e   a p p e a r i n g   a c r o s s   C5  and  C6,  a l s o  

a p p e a r s   a c r o s s   CMOS  i n t e g r a t e d   c i r c u i t   IC2.   T h e  

i n t e g r a t e d   c i r c u i t   IC2  i s   shown  c o n n e c t e d   to  a  c i r c u i t  

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

an  i n f r a - r e d   l i g h t   e m i t t i n g   d i o d e   IR  LED  1  and  a  p h o t o -  

v o l t a i c   c e l l   PVCI.   IC2  p e r i o d i c a l l y   p u l s e s   t h e  

v i s i b l e   LED  1  v i a   c a p a c i t o r   C9.  I f   IC1  i s   no t   o p e r a t i n g  

c o r r e c t l y   t h e   p e r i o d i c   p u l s e s   a r e   i n h i b i t e d   v i a   d i o d e   D 3 .  

I f   smoke  i s   d e t e c t e d   SCR1  i s   t r i g g e r e d   i n t o   c o n d u c t i o n  

v ia   r e s i s t o r   R12.  When  SCR  1  c o n d u c t s   c u r r e n t   f l o w s  

t h r o u g h   R2  and  R3  and  s u b s t a n t i a l l y   i n c r e a s e s   t h e   c u r r e n t  
d r a i n e d   by  t h e   d e t e c t o r .   T h i s   i n c r e a s e   in  c u r r e n t   c a n  
be  d e t e c t e d  b y   a  s u i t a b l e   c o n t r o l   u n i t .   T r a n s i s t o r  

TR1  i s   t u r n e d   on  when  SCR  1  c o n d u c t s   and  c a u s e s   LED  1 

to  i l l u m i n a t e   c o n t i n u o u s l y   v i a   R6  and  R2.  An  o u t p u t  
a l a r m   s i g n a l   may  a l s o   be  t a k e n   from  t e r m i n a l  4   v i a  

d i o d e   Dl  and  r e s i s t o r   R l .  

I f   t he   s u p p l y   to  t h e   d e t e c t o r   i s   r e d u c e d   or  i n t e r r u p t e d ,  
t he   g a t e   of   P - c h a n n e l   f i e l d   e f f e c t   t r a n s i s t o r   FET  1 

w i l l   become   n e g a t i v e l y   b i a s e d .   Th i s   w i l l   s w i t c h   t h e  

FET  to  a  c o n d u c t i n g   s t a t e   and  d i s c h a r g e   c a p a c i t o r s   C3 

and  C4.  P U J  1   w i l l   become   r e v e r s e d   b i a s e d   and  w i l l  

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

a p p l i e d   to  t h e   d e t e c t o r   t h e  c i r c u i t   w i l l   s w i t c h   on  c o r r e c t l y .  



C a p a c i t o r s   C5  and  C6  may  a l s o   d i s c h a r g e   v i a   D2  a n d  

F  E  T  1  T h i s   i s   no t   s t r i c t l y   n e c e s s a r y   b u t   to  do  s o  

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

of   t h e   l e n g t h   of   t i m e   fo r   wh ich   t h e   d e t e c t o r   has   p r e v i o u s l y  

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

F i g u r e   3  shows   a  d i a g r a m m a t i c   r e p r e s e n t a t i o n   of  an  a l t e r -  

n a t i v e   form  of   c i r c u i t   in  wh ich   PUJ  1  and  F  E  T  1  i n  

F i g .   2  h a v e   been   r e p l a c e d   by  a  S c h m i t t   t r i g g e r   c i r c u i t  

fo rmed   by  c o m p o n e n t s   D5,  R7,  R8,  TR2,  R9,  TR3,  RIO,  R l l ,  

TR4,  C3,  D6,  and  R 1 2 .  

As  t he   o p e r a t i o n   of  t he   S c h m i t t   t r i g g e r   c i r c u i t   w i l l  

be  f a m i l i a r   to  t h o s e   s k i l l e d   in  t h e   a r t ,   o n l y   a  b r i e f  

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

When  t h e   v o l t a g e   a c r o s s   c a p a c i t o r   C2  e x c e e d   t h e   b r e a k -  

down  v o l t a g e   of   Z e n e r   d i o d e   D5,  t r a n s i s t o r   TR2  i s   m a d e  

c o n d u c t i v e ,   w h e r e b y   t r a n s i s t o r   TR3  s w i t c h e s   on  v i a   r e s i s -  

t o r   R8.  T r a n s i s t o r   TR4  t h e n   b e c o m e s   c o n d u c t i v e .   When 

t r a n s i s t o r   TR4  i s   c o n d u c t i v e ,   t h e r e   i s   a  low  i m p e d a n c e  

p a t h   b e t w e e n   c a p a c i t o r   C2  and  i n t e g r a t e d   c i r c u i t   I C 1 .  

The  n e t w o r k   C3,  R12,  D6  and  R10  p r o v i d e s   p o s i t i v e   f e e d -  

back  to  t r a n s i s t o r   TR2  to  g i v e   a  f a s t   s w i t c h i n g   a c t i o n  

to  TR2  and  in  a s s o c i a t i o n   w i th   r e s i s t o r   R l l ,   to  g i v e   a 

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

t h e   S c h m i t t   t r i g g e r   c i r c u i t .  

O p t i o n a l l y ,   a  c a p a c i t o r   C6  may  be  c o n n e c t e d   as  s h o w n  

by  t he   b r o k e n   l i n e   in  F i g . 3   fo r   f u r t h e r   c h a r g e   s t o r a g e  

i f   r e q u i r e d .  

O t h e r   c o m p o n e n t s   shown  in  F i g s   2  and  3  w h i c h   have   n o t   b e e n  

d e s c r i b e d   in  d e t a i l   form  p a r t   of  t h e   smoke  or  f i r e   d e t e c -  

t i n g   c i r c u i t   as  w i l l   be  a p p a r e n t   to  t h o s e   s k i l l e d   in  t h e  

a r t .  

W h i l s t   t h e   c i r c u i t r y   of   F i g s   2  and  3  has   b e e n   d e s c r i b e d  

in  c o n n e c t i o n   w i t h   a  f i r e   or  smoke  d e t e c t o r ,   t he   i n v e n t i o n  



may  be  a p p l i e d   to  o t h e r   t y p e s   o f   c i r c u i t   in  o r d e r   t o  

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

i . e .   w i t h   r e g a r d   to  t h e   c u r r e n t   d r a i n   and  t h e   c a p a c i t y  

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



1.  C i r c u i t r y   h a v i n g   a  l o a d   which   i s   c o n n e c t a b l e   to  a 

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

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

i n c l u d i n g   c h a r g e   s t o r a g e   means  (4)  c h a r g e a b l e   f rom  s a i d  

s o u r c e   and  d i s c h a r g e a b l e   i n t o   s a i d   l o a d   (7)  when  s a i d  

l o a d   (7)  r e q u r e s ,   fo r   a  l i m i t e d   p e r i o d , - m o r e   t h a n   s a i d  

l i m i t e d   c u r r e n t ,   c h a r a c t e r i s e d   by  s w i t c h i n g   means   ( 6 )  

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

means   ( 4 ) ,   s a i d   s w i t c h i n g   means  (6)  b e i n g   o p e r a t i v e   s u c h  

t h a t   s a i d   c h a r g e   s t o r a g e   means  (4)  i s   n o r m a l l y   c o n n e c t e d  

to  s a i d   l o a d   ( 7 ) ,   and  such   t h a t   s a i d   c h a r g e   s t o r a g e   m e a n s  

(4)  i s   d i s c o n n e c t e d   from  s a i d   l o a d   ( 7 ) ,   in  t h e   e v e n t  

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

s t o r a g e   means   (4)  to  r e c o v e r   at  l e a s t   a  p r e d e t e r m i n e d  

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

c h a r g e   s t o r a g e   means   (4)  i s   r e c o n n e c t e d   to  s a i d   l o a d   ( 7 ) .  

2.  C i r c u i t r y   a c c o r d i n g   to  c l a i m   1,  c h a r a c t e r i s e d   i n  

t h a t   s w i t c h i n g   means   (6)  i n c l u d e s   v o l t a g e   s e n s i n g   m e a n s  

(5)  c o n n e c t e d   to  s a i d   c h a r g e   s t o r a g e   means  (4)  w h e r e b y  

s a i d   s w i t c h i n g   means   (6)  i s   c o n d i t i o n e d   to  e n a b l e   t h e  

p a s s a g e   of   c u r r e n t   f r o m  s a i d   c h a r g e   s t o r a g e   means   ( 4 )  

to  s a i d   l o a d   (7)  when  t h e   v o l t a g e   a c r o s s   s a i d   c h a r g e  

s t o r a g e   means   (4)  e x c e e d s   a  p r e d e t e r m i n e d   v a l u e  .  

3.  C i r c u i t r y   a c c o r d i n g   to  c l a i m   1  or  2,  c h a r a c t e r i s e d  

in  t h a t   s a i d   s w i t c h i n g   means  (6)  c o m p r i s e s   a  g a t e   c o n -  
t r o l l e d   r e c t i f y i n g   d e v i c e .  

4.  C i r c u i t r y   a c c o r d i n g   to  c l a i m   3,  c h a r a c t e r i s e d   in  t h a t  

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

u n i j u n c t i o n   t r a n s i s t o r   (PUJ  1 ) .  

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

t h a t   s a i d   s w i t c h i n g   means   (6)  i s   a  S c h m i t t   t r i g g e r   ( D 5 ,  

D6;  R 7 - R 1 2 ;   TR2-TR4;   and  C 3 ) .  



6.  C i r c u i t r y   a c c o r d i n g   to  a n y  o n e   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  m e a n s   (9)  a r e   p r o v i d e d  

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

s a i d   c h a r g e   s t o r a g e   means   (4)  when  t h e   c h a r g e   on  s a i d  

c h a r g e   s t o r a g e   means   (4)  f a l l s   b e l o w   a  p r e d e t e r m i n e d  

v a l u e .  

7.  C i r c u i t r y   a c c o r d i n g   to  a n y  o n e   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   l o a d   (7)   i n c l u d e s  

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

e x e c u t e   t r a n s i t i o n s   w h e r e b y   more  t h a n   s a i d   m i n i m u m  

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

8.  C i r c u i t r y   a c c o r d i n g   to  a n y  o n e   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   i t   i s   p a r t   o f   a  f i r e   o r  

smoke  d e t e c t o r   w h e r e i n   t h e   l i m i t e d   c u r r e n t   i s   due  a t  

l e a s t   to  c a b l e   i m p e d a n c e   (2)  b e t w e e n   a  d e t e c t i n g   h e a d  

( 3 - 9 )   and  a  r e m o t e   s t a t i o n  ( 1 ) .  










	bibliography
	description
	claims
	drawings
	search report

