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154)  Power  control  apparatus  with  optical  isolation  feedback  means. 
@  The  invention  comprises  transformerless  power  supply 
apparatus  particularly  adapted  for  supplying  regulated  power 
to  critically  sensitive  loads  such  as  tungsten  lamp  filament 
loads  of  designed  power  rating.  Power  control  is  achieved  by 
a  triggered  triac  in  series  with  the  load,  and  regulation  is 
provided  by  a  feedback  circuit,  voltage  or  current,  which  gen- 
erates  the  triac  trigger  signal  periodically  as  a  function  of  the 
load  voltage  or  current.  The  feedback  circuit  is  provided  with  a 
photo  isolatorfor  eliminating  premature  triggering  ofthe  triac 
due  to  transients.  A  timing  circuit  is  also  provided  for  timing 
the  power  on  condition,  the  output  of  which  is  photo  isolator 
coupled  to  the  triac  feedback  circuit. 
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to  critically  sensitive  loads  such  as  tungsten  lamp  filament 
loads  of  designed  power  rating.  Power  control  is  achieved  by 
a  triggered  triac  in  series  with  the  load,  and  regulation  is 
provided  by  a  feedback  circuit,  voltage  or  current,  which  gen- 
erates  the  triac  trigger  signal  periodically  as  a  function  of  the 
load  voltage  or  current.  The  feedback  circuit  is  provided  with  a 
photo  isolatorfor  eliminating  premature  triggering  of the  triac 
due  to  transients.  A  timing  circuit  is  also  provided  for  timing 
the  power  on  condition,  the  output  of  which  is  photo  isolator 
coupled  to  the  triac  feedback  circuit. 



B a c k g r o u n d   of  t h e   I n v e n t i o n  

F i e l d   of  t h e   I n v e n t i o n  

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

s u p p l y   a p p a r a t u s   and ,   in   p a r t i c u l a r ,   t r i a c   s w i t c h i n g   power   s u p p l y  

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

c u r r e n t   s e n s i t i v e .  

B a c k g r o u n d   of  t h e   I n v e n t i o n  

T h e r e   a r e   many  e l e c t r i c a l   l o a d s   f o r   w h i c h   v e r y   w e l l  

c o n t r o l l e d   r e g u l a t e d   p o w e r   s u p p l i e s   mus t   be  p r o v i d e d .   For   e x a m p l e ,  

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

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

m a t e r i a l s   w h i c h   h a v e   b e e n   p l a c e d   in  p r e p a r e d   c a v i t i e s .   In  o t h e r  

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

o b j e c t s ,   i t   i s   n e c e s s a r y   to   have   w e l l   c o n t r o l l e d   p o w e r   s o u r c e s   i n  

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

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

c o n d i t i o n s .   See  my  c o - p e n d i n g   a p p l i c a t i o n   S . N .   , 
. 

D - 1 5 2 ,   a s s i g n e d   to  t h e   same  a s s i g n e e .   S i m i l a r l y ,   t h e   power   c o n t r o l  

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

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

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

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

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

p r o t e c t i o n   to   h i g h   f r e q u e n c y   n o i s e   and  v o l t a g e   t r a n s i e n t s .   H o w e v e r ,  

t h i s   is   done   o n l y   a t   a d d i t i o n a l   c o s t ,   s i z e ,   and  w e i g h t   c o m p a r e d   t o  

s i m p l e r   s w i t c h i n g   r e g u l a t o r   power   s u p p l i e s .   S i m p l e  t r i a c   s w i t c h i n g  



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

c o n t r o l l i n g   t h e   ON  t i m e   of  t h e   t r i a c ,   a r e   known  in  t h e   a r t   a n d  

p r o v i d e   a  s u b s t a n t i a l   r e d u c t i o n   in  s i z e ,   w e i g h t   and  e x p e n s e  

c o m p a r e d   to   p o w e r   t r a n s f o r m e r   t y p e   p o w e r   s u p p l i e s .   H o w e v e r ,   t h e  

s i m p l i c i t y   of  s u c h   p o w e r   s u p p l i e s   makes   them  e x t r e m e l y   v u l n e r a b l e   t o  

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

e a r l y   f i r i n g   of  t h e   t r i a c   f o r   so  much  as  o n l y   one  c y c l e   can  b u r n  

o p e n   a  lamp  f i l a m e n t   or   o t h e r w i s e   s h o r t e n   t h e   l i f e   of  t h e   l o a d .   I n  

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

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

a  t r i a c   f o r   j u s t   one  c y c l e   can   c a u s e   c a t a s t r o p h i c   e a r l y   b u r n o u t   o f  

t h e   l amp  f i l a m e n t .   T h e r e   i s   t h u s   a  b a s i c   r e q u i r e m e n t   fo r   s u c h  

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

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

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

f r o m   h i g h   f r e q u e n c y   or  v o l t a g e   t r a n s i e n t s ,   s u c h   as  a r e   o f t e n   p r e s e n t  

f r o m   t h e   p o w e r   l i n e   and  w h i c h   may  be  g e n e r a t e d   in   t h e   n e a r b y   or  e v e n  

d i s t a n t   e n v i r o n m e n t .  

S u m m a r y   of   t h e   I n v e n t i o n  

I t   i s   a  p r i m a r y   o b j e c t   of  t h i s   i n v e n t i o n   to   p r o v i d e   a  

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

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

m u f f l e s   and  l i k e   e l e m e n t s   w h i c h   a r e   e x t r e m e l y   v o l t a g e   or  c u r r e n t  

s e n s i t i v e .  

I t   i s   a n o t h e r   o b j e c t   of  t h i s   i n v e n t i o n   to   p r o v i d e   a  

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

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

f e e d b a c k   c i r c u i t ,   and  w h i c h   has   e f f e c t i v e   means   f o r   p r e v e n t i n g   e a r l y  

s w i t c h i n g   w h i c h   wou ld   c a u s e   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   amount   o f  

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



I t   i s   a n o t h e r   o b j e c t   of  t h i s   i n v e n t i o n   to   p r o v i d e   a  

r e g u l a t e d   p o w e r   s u p p l y   w i t h   t i m i n g   means   fo r   d e l i v e r i n g   a  r e g u l a t e d  

v o l t a g e   or  c u r r e n t   to   a  l o a d   d u r i n g   a  p r e d e t e r m i n e d   t i m e   p e r i o d ,   a n d  

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

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

power   s u p p l y .  

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

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

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

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

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

s i g n a l   is   t i m e .  

In  a c c o r d a n c e   w i t h   t he   a b o v e   o b j e c t s ,   t h e r e   i s   p r o v i d e d   a  

power   s u p p l y   a p p a r a t u s   w i t h   means   f o r   s w i t c h a b l y   c o n n e c t i n g   AC  p o w e r  

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

c o m p r i s i n g   a  t r i a c   or  l i k e   s w i t c h i n g   d e v i c e ,   and  t r i a c   c o n t r o l   m e a n s  

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

d e l a y   r e f e r e n c e d   t o   t h e   l i n e . p o w e r   c r o s s o v e r . *   The  t r i a c   c o n t r o l  

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

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

f r e q u e n c y   s i g n a l s ,   t h e r e b y   m a k i n g   t h e   t r i a c   c o n t r o l   immune  f r o m  

u n w a n t e d   EMI  and  o t h e r   i n t e r f e r e n c e .   T i m i n g   c i r c u i t r y   i s   p r o v i d e d  

fo r   t i m i n g   t h e   on  s t a t e   of  t he   r e g u l a t o r ,   t he   t i m i n g   s i g n a l   b e i n g  

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

B r i e f   D e s c r i p t i o n   of  t h e   D r a w i n g s  

F i g .   1  i s   a  c i r c u i t   d i a g r a m   of  a  p r e f e r r e d   e m b o d i m e n t   f o r  

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

F i g .   2  i s   a  b l o c k   d i a g r a m   of  a  p r e f e r r e d   e m b o d i m e n t   f o r  

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



D e s c r i p t i o n   of   t h e   P r e f e r r e d   E m b o d i m e n t s :  :  

R e f e r r i n g   now  to   F i g .   1,  t h e r e   i s   shown  a  c i r c u i t   d i a g r a m  

of  a  p r e f e r r e d   e m b o d i m e n t   of  t h e   i n v e n t i o n .   Power   i s   t a k e n   f rom  t h e  

power   l i n e ,   i . e .   s i n g l e   p h a s e   115  v o l t s .   I t   i s   c o n n e c t e d   t h r o u g h  

m a g n e t i c   e l e m e n t s   30,   s u i t a b l y   M o l y p e r m a l l o y   p o w d e r   t o r o i d s  

t y p i c a l l y   wound  w i t h   30  t u r n s   of  number   9  w i r e   t o   g i v e   an  i n d u c t a n c e  

of  a b o u t   53  m i c r o h e n r i e s .   The  t o r o i d s   a r e   d e s i g n e d   to   t a k e   o u t  

c e r t a i n   h i g h   f r e q u e n c y   t r a n s i e n t s   w h i c h   m i g h t   be  t r a n s m i t t e d   t h r o u g h  

t h e   p o w e r   l i n e .   A  v a r i s t o r   d i o d e   32  i s   c o n n e c t e d   a c r o s s   t h e   t w o  

l i n e s   of  t h e   s i n g l e   p h a s e   p o w e r ,   f u r t h e r   to   e l i m i n a t e   t r a n s i e n t s .  

The  c i r c u i t r y   of   F i g .   1  i s   b a s i c a l l y   b r o k e n   down  i n t o   t w o  

p o r t i o n s .   In  t h e   l e f t   h a n d   p o r t i o n   of  t h e   d i a g r a m ,   t h e r e   i s   shown  a  

t i m i n g   c i r c u i t ,   c e n t e r e d   a r o u n d   IC  65  d e s i g n a t e d   MC14536 .   DC 

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

d e s i g n a t e d   a t   34,   t h e   b r i d g e   r e c t i f i e r   c i r c u i t   shown  as  B R - I ,   a n d  

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

d i a g r a m   i n c l u d e s   t h e   l o a d   c i r c u i t   c o m p r i s i n g   l o a d   l a m p s   50  and  t h e  

t r i a c   51,   and  t h e   t r i a c   c o n t r o l   c i r c u i t   w h i c h   i s   c e n t e r e d   a r o u n d   t h e  

i n t e g r a t e d   c i r c u i t   60  d e s i g n a t e d   T D A l 1 8 5 .  

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

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

50,  m a n u f a c t u r e d   f o r   r a t e d   o p e r a t i o n   a t   41  v o l t s   RMS  and  200  w a t t s .  

The  c i r c u i t   i l l u s t r a t e d   c a u s e s   t h e   l a m p s   to   o p e r a t e   a t   a b o u t   4 3  

v o l t s   RMS,  or  a b o u t   +5%  of   r a t e d   v a l u e .   T h e s e   a r e   e x t r e m e l y  

s e n s i t i v e   l a m p s ,   and  can   be  b u r n e d   o u t   by  o v e r d r i v i n g   d u r i n g   a  

s i n g l e   power   l i n e   c y c l e .   For   e x a m p l e ,   one  e a r l y   m i s f i r e   of  t h e  

t r i a c   can   c a u s e   i n s t a n t   b u r n o u t   of  s u c h   l a m p s .   The  l a m p s   h a v e   b e e n  

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

s t r u c t u r a l l y   s t r o n g   f i l a m e n t   c a p a b l e   of  l o n g   l i f e t i m e   u s e ,   and  f o r  



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

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

t h e   p e a k   p e r m i s s i b l e   power   and  o p e r a t i n g   c o l o r   t e m p e r a t u r e .  

H o w e v e r ,   i f   e x c e s s i v e   power   is   p e r m i t t e d   to   be  p a s s e d   to  t h e   l a m p  

f o r   one  or  more  c y c l e s ,   i m m e d i a t e   b u r n o u t   or  a t   l e a s t   e x t r e m e l y  

s h o r t e n e d   l i f e t i m e   can  r e s u l t .   T h u s ,   t h e   c o n t r o l   c i r c u i t   w h i c h  

c o n t r o l s   t he   t r i g g e r i n g   of  t h e   t r i a c   51  i s   e x t r e m e l y   i m p o r t a n t .  

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

m o n o l i t i c   i n t e g r a t e d   c i r c u i t   d e s i g n a t e d   " t r i a c   f i r i n g   a n g l e   c o n t r o l  

c i r c u i t " ,   t y p e   TDA1185,  s u c h   as  made  by  M o t o r o l a   S e m i c o n d u c t o r s .  

The  TDAl185  g e n e r a t e s   g a t e   t r i g g e r   p u l s e s   f o r   a  t r i a c   w i t h   a  

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

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

t r i a c   d r i v e ,   i . e . ,   t h e   t r i a c   i s   t r i g g e r e d   as  t h e   l i n e   v o l t a g e   g o e s  

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

p i n   2  and  c o n n e c t e d   to   t h e   t r i a c   t r i g g e r   t e r m i n a l .   The  p h a s e   a n g l e  

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

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

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

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

and  p e r m i t s   power   d e l i v e r y   to   t h e   l o a d .   The  TDA1185  a l s o   p r o v i d e s  

s o f t - s t a r t   o p e r a t i o n ,   i . e . ,   t h e   p e r m i t t e d   p o w e r   to  t he   l o a d   i s  

r a m p e d   up  from  z e r o   to  t h e   d e s i r e d   f u l l   l o a d   l e v e l .  

As  i l l u s t r a t e d ,   p i n   1  of  t h e   TDAl185  is   c o n n e c t e d   to   -DC 

v o l t a g e ,   w h i c h   is   g e n e r a t e d   by  t h e   l N 4 0 0 6   d i o d e   and  10K  r e s i s t o r  

c o n n e c t e d   to   one  s i d e   of  t h e   power   l i n e .   P in   2  is   t he   o u t p u t   of   t h e  

t r i g g e r   p u l s e ,   w h i c h   i s   c o n n e c t e d   t h r o u g h   a  100  ohm  r e s i s t o r ,  

to   t h e   t r i g g e r   l e a d   52  of  t r i a c   51.   P in   6  i s   c o n n e c t e d   t h r o u g h   t h e  

r e s i s t o r   to  one  s i d e   of  t he   l o a d ,   and  p i n   7  i s   c o n n e c t e d   t h r o u g h   t h e  



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

s y n c h r o n i z a t i o n   of  t h e   r amp  g e n e r a t i o n   w i t h   t h e   l i n e   z e r o - c r o s s i n g  

v o l t a g e .   P in   12  r e c e i v e s   a  l e v e l   of  v o l t a g e   d e r i v e d   from  t he   l i n e  

s i g n a l ,   wh ich   d e t e r m i n e s   t h e   p h a s e   a n g l e   p o s i t i o n i n g .   A  f e e d b a c k  

c a p a c i t o r   i s   c o n n e c t e d   b e t w e e n   p i n   8  and  t h e   n e u t r a l   s ide  of  the  power  

l i n e ;   p i n s   9  and  14  a r e   c o n n e c t e d   d i r e c t l y   to   t h e   n e u t r a l   s ide   of  t h e  

p o w e r   l i n e ;   a  r e s i s t o r   i s   c o n n e c t e d   b e t w e e n   p i n   10  and  n e u t r a l ;   a n d  

t h e   c a p a c i t o r   b e t w e e n   p i n   13  and  t h e   p o s i t i v e   power   l i n e   s e t s   t h e  

s o f t - s t a r t   c h a r a c t e r i s t i c .  

The  c o m p a r i s o n   s i g n a l   i s   t a k e n   f rom  t he   n e g a t i v e   s i d e   o f  

t h e   p o w e r   l i n e ,   and  i s   p a s s e d   t h r o u g h   a  560  ohm  r e s i s t o r   and  a n  

a d j u s t a b l e   r e s i s t o r   54  to   t h e   b u l b   e l e m e n t   55  of  a  p h o t o   i s o l a t o r  

c o m b i n a t i o n .   The  p h o t o   i s o l a t o r   u t i l i z e d   i s   s u i t a b l y   an  CLMSHIOA, 

c o m p r i s i n g   an  i n c a n d e s c e n t   l amp  55  and  a  p h o t o - t r a n s i s t o r   56.   T h i s  

i s o l a t o r   h a s   t h e   r e q u i s i t e   o p t i c a l   r e s p o n s e   to   f o l l o w   t h e   p o w e r  

l i n e ,   b u t   d o e s   no t   r e s p o n d   to   t r a n s i e n t s   t h a t   may  be  on  t h e   p o w e r  

l i n e   or  o t h e r w i s e   p i c k e d   up  by  t h e   c i r c u i t r y .   The  lamp  55  mus t   h a v e  

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

v o l t a g e   c a l i b r a t i o n .   Fo r   t h i s   r e a s o n ,   a  i n c a n d e s c e n t   lamp  is   t h e  

p r e f e r r e d   l i g h t   s o u r c e   f o r   t h i s   c i r c u i t .   The  p h o t o - r e s i s t o r   i s  

t i e d   b e t w e e n   p i n   1  and  p i n   12 ,   p r o v i d i n g   a  v o l t a g e   v a r i a t i o n   a t   p i n  

12  w h i c h   t h e   IC  c o m p a r e s   to   i t s   i n t e r n a l l y   g e n e r a t e d   saw  t o o t h   r a m p  

s i g n a l ,   f rom  w h i c h   t h e   t r i a c   t r i g g e r   p u l s e   is   o b t a i n e d .   B e t w e e n   p i n  

12  and   t h e   p l u s   s i d e   of  t h e   power   l i n e   i s   a  t h e r m i s t o r   57,  w h i c h  

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

c h a r a c t e r i s t i c s   of  t h e   s i l i c o n   p h o t o - r e s i s t o r   55.  T h u s ,   i n  

o p e r a t i o n ,   as  t he   n e g a t i v e   s i d e   of  t he   power   l i n e   c r o s s e s   o v e r  

t h r o u g h   z e r o ,   g o i n g   e i t h e r   p l u s   or  m i n u s ,   t h e   IC  60  i n i t i a t e s   a  

r a m p .   The  ramp  i s   i n t e r n a l l y   c o m p a r e d   to  t h e   v o l t a g e   l e v e l   a t   p i n  



12,  such   t h a t   t he   t r i g g e r   p u l s e   is  g e n e r a t e d   when  t he   ramp  s i g n a l  

e q u a l s   p i n   12  v o l t a g e .   T h u s ,   f o r   h i g h e r   l i n e   v o l t a g e s   t he   t r i g g e r  

p u l s e   is  d e l a y e d ,   and  v i c e   v e r s a .   Due  to  t he   i s o l a t i o n   p r o v i d e d   i n  

the   f e e d b a c k   c i r c u i t ,   o n l y   t h e   r e l a t i v e l y   s l o w l y   m o v i n g   power   l i n e  

c h a n g e s   a r e   t r a n s m i t t e d   t h r o u g h   to  p i n   12,  such   t h a t   IC  60  i s  

p r e v e n t e d   f rom  p r e m a t u r e l y   t r i g g e r i n g   t h e   t r i a c   51.  The  c i r c u i t   o f  

r e s i s t o r   85  and  c a p a c i t o r   86,  c o n n e c t e d   a c r o s s   t r i a c   51,  a i d s   i n  

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

t r a n s i e n t s .  

The  t i m e r   c i r c u i t r y   is   c o n s t r u c t e d   a r o u n d   IC  65,  wh ich   i s  

s u i t a b l y   a  p r o g r a m m a b l e   t i m e r   t y p e   MC14536,   as  made  by  M o t o r o l a .  

T h i s   i s   a  p r o g r a m m a b l e   t i m e r ,   c o m p r i s i n g   a  f l e x i b l e   24  s t a g e   r i p p l e  

b i n a r y   c o u n t e r   w i t h   16  s t a g e s   s e l e c t a b l e   by  a  b i n a r y   c o d e .   An  o n  

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

a p p r o p r i a t e   o u t p u t   in  c o n j u n c t i o n   w i t h   t he   c o r r e c t   c l o c k   f r e q u e n c y ,  

a  v a r i e t y   of  t i m i n g   can  be  a c h i e v e d .   For  t he   p i n   c o n n e c t i o n s   a s  

shown,   t i m i n g   is  a d j u s t e d   by  o p e r a t o r   m a n i p u l a t i o n   of  r e s i s t o r   4 0 ,  

w h i c h   is  c o n n e c t e d   b e t w e e n   p i n s   4  and  5  as  shown .   Tne  o u t p u t ,   t a k e n  

at  p i n s   13,  14,  i s   c o n n e c t e d   t h r o u g h   r e s i s t o r   42  to  t r a n s i s t o r  

a m p l i f i e r   43.   The  o u t p u t   of  t r a n s i s t o r   43  is  t a k e n   f rom  t h e  

e m i t t e r ,   and  i n p u t t e d   to  p i n   1  of  p h o t o   i s o l a t o r   45,  s u i t a b l y   an  I C  

of  t y p e   H 1 1 5 1 0 0 .   The  -DC  power   w h i c h   i s   c o n n e c t e d   to  t h e   T D A l 1 8 5  

c h i p   is   a l s o   c o n n e c t e d   to  p i n   4  of  c h i p   45,  and  t h e   o u t p u t   s i g n a l  

f rom  p i n   5  is   c o n n e c t e d   to  p i n   12  of  c h i p   60.  In  o p e r a t i o n   as  l o n g  

as  t h e   t i m i n g   s i g n a l   f rom  c h i p   65  i s   low,  i . e .   t he   l o a d   is  no t   t o  

r e c e i v e   p o w e r ,   t he   o u t p u t   f rom  c h i p   45  is  h e l d   low,   m e a n i n g   t h a t   p i n  

12  of  c h i p   60  is  h e l d   low  s u c h   t h a t   i t   is  i n h i b i t e d   f rom  g e n e r a t i n g  

t r i g g e r   p u l s e s .   For  t he   d u r a t i o n   t h a t   t h e   t i m e r   65  p r o d u c e s   a  h i g h  

o u t p u t ,   c h i p   60  is   e n a b l e d   and  o p e r a t e s   as  d e s c r i b e d   a b o v e .   T h e  



p h o t o   i s o l a t o r   45  p r e v e n t s   any  n o i s e   or   e x t r a n e o u s   t r a n s i e n t s   w h i c h  

a r e   p i c k e d   up  i n   t h e   t i m e r   c i r c u i t r y   f rom  b e i n g   c o n n e c t e d   t h r o u g h   t o  

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

R e f e r r i n g   now  to   F i g .   2,  t h e r e   i s   shown  a  b l o c k   d i a g r a m   o f  

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

c u r r e n t   s e n s i t i v e   l o a d .   The  p o w e r   70,  t a k e n   f r o m   t h e   power   l i n e   a s  

in   F i g .   1,  i s   c o n n e c t e d   a c r o s s   t h e   c u r r e n t   s e n s i t i v e   l o a d   80  a n d  

t r i a c   79 .   In  s e r i e s   w i t h   t h e   l o a d   i s   a  c u r r e n t   t r a n s f o r m e r   w h i c h  

p r o v i d e s   a  c u r r e n t   s i g n a l   to   a  r e s i s t o r   74  and  a  b u l b   72  of  a  p h o t o  

i s o l a t o r .   The  b u l b   72  i s   p a i r e d   w i t h   p h o t o   t r a n s i s t o r   73,  wh ich   i s  

c o n n e c t e d   t o   a  t h r e s h o l d   p u l s e   g e n e r a t o r   77.   G e n e r a t o r   77  i s   t h e  

same  as  t h a t   shown  in   F i g .   1,  i . e . ,   i t   c o m p r i s e s   a  TDA1185  IC  c h i p  

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

57.   The  t r i g g e r   p u l s e s   f rom  t h e   IC  c h i p   a r e   c o n n e c t e d   to   t he   g a t e  

78  o f   t r i a c   79.   In  t h i s   m a n n e r ,   t h e   t r i g g e r   p u l s e   t i m i n g   f o l l o w s  

t h e   s e n s e d   c u r r e n t   f l o w   t h r o u g h   l o a d   80,   j u s t   as  t h e   t r i g g e r   t i m i n g  

of  F i g .   1  f o l l o w s   t h e   v o l t a g e   a c r o s s   l o a d   5 0 .  



1.  T r a n s f o r m e r l e s s   p o w e r   s u p p l y   a p p a r a t u s ,   c o m p r i s i n g  

s o u r c e   means  f o r   p r o v i d i n g   AC  power   f rom  a  power   l i n e ,  

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

s o u r c e   m e a n s ,   fo r   o u t p u t t i n g   p o w e r   to   a  l o a d ,  

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

s w i t c h i n g   on  and  o f f ,   s a i d   s w i t c h i n g   means  h a v i n g   a  t r i g g e r   i n p u t  

and  a  c h a r a c t e r i s t i c   of  b e i n g   n o r m a l l y   a  s u b s t a n t i a l   open   c i r c u i t  

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

s t a t e ,   a n d  

t r i g g e r   means  f o r   d e v e l o p i n g   a  t r i g g e r   p u l s e   a t   i t s   o u t p u t ,  

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

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

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

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

2.  The  a p p a r a t u s   as  d e s c r i b e d   in  c l a i m   1,  w h e r e i n   s a i d  

s w i t c h i n g   means  c o m p r i s e s   a  t r i a c .  

3.  The  a p p a r a t u s   as  d e s c r i b e d   in  c l a i m   2,  w h e r e i n   s a i d  

t r i g g e r   means   c o m p r i s e s   a  t r i a c   f i r i n g   a n g l e   c o n t r o l   c i r c u i t   I C .  

4.  The  a p p a r a t u s   as  d e s c r i b e d   in  c l a i m   3,  w h e r e i n   s a i d  

t r i g g e r   means   is   s y n c h r o n i z e d   w i t h   t h e   z e r o   c r o s s i n g   of  t he   v o l t a g e  

of  s a i d   p o w e r   l i n e .  

5.  The  a p p a r a t u s   as  d e s c r i b e d   in  c l a i m   1,  w h e r e i n   s a i d  

s o u r c e   means   c o m p r i s e s   m a g n e t i c   means   fo r   f i l t e r i n g   h i g h   f r e q u e n c y  

s i g n a l s   c a r r i e d   by  t he   p o w e r   l i n e .  



6.  The  a p p a r a t u s   as  d e s c r i b e d   in   c l a i m   4,  w h e r e i n   s a i d  

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

and   s a i d   f e e d b a c k   c i r c u i t   h a s   an  o u t p u t   c o n n e c t e d   to   s a i d   i n p u t   p i n .  

7.  The  a p p a r a t u s   as  d e s c r i b e d   in  c l a i m   6,  f u r t h e r  

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

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

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

8.  Power   s u p p l y   a p p a r a t u s   a d a p t e d   to   r e c e i v e   p o w e r   f rom  a  

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

c o m p r i s i n g :  

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

r e c e i v i n g   a  s w i t c h i n g   t r i g g e r   i n p u t ;  

t r i g g e r   g e n e r a t o r   means   f o r   d e r i v i n g   s a i d   t r i g g e r  

i n p u t   f rom  v a r i a t i o n s   of   s a i d   p o w e r   l i n e   and  d e l i v e r i n g   i t   to   s a i d  

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

i s o l a t o r   c i r c u i t   f o r   i s o l a t i n g   t r a n s i e n t s   f rom  s a i d   t r i g g e r   i n p u t ;  

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

t i m i n g   p e r i o d s   of   p o w e r   d e l i v e r y   to   s a i d   l o a d ;   a n d  

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

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

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

t r a n s i e n t s   f r o m   s a i d   t r i g g e r   g e n e r a t o r   m e a n s .  
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