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©  Ballast  circuits  for  lighting  units. 
  Ballast  circuits  for  a  gas  discharge  tube  are  disclosed. 
One  embodiment  of  a  single-phase  non-inductive  ballast  for 
operation  of  a  gas  discharge  tube  by  direct  current  (DC) 
using  a  resistive  current-limiting  means  and  a  relatively 
small  capacitor  is  disclosed.  The  DC  ballast  circuit  generates 
a  timed  pulse  addition  (TPA).  The  DC  ballast  circuit  includes 
an  arrangement  of  switching  means  which  controls  the 
discharge  of  a  capacitive  energy  storage  means  so  as  to 
supply  the  reignition  and  the  restrike  energy  in  the  form  of 
timed  pulse  additions  (TPA)  that  may  be  needed  for  the 
discharge  tube.  Other  embodiments  are  disclosed  for  the 
ballast  circuit  which  operate directly  from  the  AC  line  and 
control  the  discharge  of  a  capacitive  storage  means  to  supply 
reignition  and  restrike  energy  iR  the  form  of  timed  pulse 
additions  (TPA)  that  may  be  needed  for  the  gas  discharge 
tube. 





Our  US  P a t e n t  4   350  930  ( P i e l )   d i s c l o s e s   an  i m p r o v e d  

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

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

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

T h e  g a s   d i s c h a r g e   t u b e   h a s   v a r i o u s   modes   of  o p e r a t i o n  

s u c h   a s ,   (1)   an  i n i t i a l   h i g h   v o l t a g e   b r e a k d o w n   m o d e ,  

(2)   a  g l o w - t e ÷ a r c   t r a n s i t i o n   mode ,   and  (3 )   a  s t e a d y   s t a t e  

run   m o d e .   One  of  t h e   c i r c u i t   p e r f o r m a n c e  p a r a m e t e r s   i s  

t h a t   t h e   v o l t a g e  a p p l i e d   a c r o s s   t h e   gas   d i s c h a r g e   t u b e  

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

t u b e   i s   m a i n t a i n e d   a b o v e   a  c r i t i c a l   v a l u e   s u c h   as   6 0  

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

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

of  t h e   gas   d i s c h a r g e   t u b e   may  e x t i n g u i s h ,   w h i c h ,   in  t u r n ,  

may  c a u s e   t h e   gas   d i s c h a r g e   t u b e   to   r e v e r t   f r o m   i t s  

s t e a d y   s t a t e   run   mode  to  i t s   g l o w - t o - a r c   t r a n s i t i o n  

mode  or  even   to  t h e   i n i t i a l   b r e a k d o w n   mode .   The  r e e s t a b -  

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

t u b e   may  r e q u i r e   a  r e s t r i k e   v o l t a g e   h a v i n g   a  v a l u e  

t y p i c a l l y   2 . 5   t i m e s   or  more   t h a n   t h a t   of   t h e   o p e r a t i n g  

v o l t a g e   of   t h e   gas   d i s c h a r g e   t u b e .  

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

of  2 . 5   t i m e s   i t s   o p e r a t i o n a l   v o l t a g e   p r e s e n t s   a  d i f f i c -  

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

d i r e c t l y   f r o m   a  120  v o l t ,   60  Hz  AC  s o u r c e .   For   e x a m p l e ,  

i f   t h e   gas   d i s c h a r g e   t u b e   has   an  o p e r a t i n g   v o l t a g e   o f  

80  v o l t s   AC  a  r e s t r i k e   v o l t a g e   of  80  x  2 . 5  =   200  v o l t s  

or  more   i s   t y p i c a l l y   n e c e s s a r y   and  w h i c h   v o l t a g e   v a l u e  

i s   n o t   o r d i n a r i l y   a v a i l a b l e   f rom  t h e   p e a k - v o l t a g e s   of  a  

t y p i c a l   120  v o l t ,   60  Hz AC  s o u r c e .  



The  g a s   d i s c h a r g e   t u b e   may  be  s u c c e s s f u l l y   o p e r a t e d   b y  

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

Such   b a l l a s t   c i r c u i t s   a r e   d e s c r i b e d ,   f o r   e x a m p l e ,   i n  

t h e   p r e v i o u s l y   m e n t i o n e d   US  P a t e n t  4   350  9 3 0 ,   and  in  o u r  

US  P a t e n t  4   320  325  (T  E  A n d e r s o n ) .   F u r t h e r   c i r c u i t s  

a r e   d e s c r i b e d   in   o u r   p e n d i n g   US  A p p l i c a t i o n s   463  7 5 3  

(V  R o b e r t s )   and   488  849  (J  D a v e n p o r t ) .  

The  g a s   d i s c h a r g e   t u b e   may  a l s o   be  s u c c e s s f u l l y   o p e r a t e d  

b y  a   b a l l a s t   c i r c u i t   p o w e r e d   f rom  an  AC  v o l t a g e   s o u r c e  

and  d e v e l o p i n g   an  AC  o p e r a t i n g   v o l t a g e .   Such   a  b a l l a s t  

c i r c u i t   i s   d e s c r i b e d ,   f o r   e x a m p l e ,   in  o u r   p e n d i n g   US 

A p p l i c a t i o n   488  833  (J  D a v e n p o r t   e t   a l ) .  

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

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

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

b o t h   d i r e c t   c u r r e n t  ( D C )   and  a l t e r n a t i n g   c u r r e n t   ( A C )  

v o l t a g e   s u p p l i e s .  

I t   i s   a l s o   d e s i r a b l e   t h a t   t h e   b a l l a s t   c i r c u i t   s h o u l d  

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

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

s h o u l d   be  e a s i l y   a d a p t a b l e   to   mee t   t h e   v a r i o u s   n e e d s   o f  

t h e   a r c   d i s c h a r g e   t u b e .  

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

s u p p l i e s   t i m e d   p u l s e   a d d i t i o n s   (TPA) ,   a t   p r e d e t e r m i n e d  

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

of  a  l i g h t i n g   u n i t   so  t h a t   t h e   a r e  c o n d i t i o n   o f   t h e  

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

The  l i g h t i n g   u n i t   h a s   t h e   g a s   d i s c h a r g e   t u b e   as   i t s   m a i n  

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

e l e m e n t   and  as   a  s u p p l e m e n t a r y   l i g h t   s o u r c e -   The  b a l l a s t  



c i r c u i t   i s   a d a p t e d   to  a c c e p t   an  a p p l i e d   v o l t a g e   a c r o s s  

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

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

t e r m i n a l s   a  s e r i a l   a r r a n g e m e n t   of  a  f i l a m e n t   and  a  g a s  

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

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

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

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

end  c o n n e c t e d   to   one  of   t h e   i n p u t   t e r m i n a l s   o f   t h e   b a l l a s t  

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

of  t h e   c a p a c i t i v e   e n e r g y   s t o r a g e   m e a n s ,   and  b i a s   n e t w o r k  

means   r e s p o n s i v e   to   a  s e l e c t e d   p o r t i o n   of   t h e   a p p l i e d  

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

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

i s   d i s c h a r g e d   i n t o   t h e   gas   d i s c h a r g e   t u b e .  

By  way  o f  e x a m p l e   o n l y ,   s e v e r a l   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  

d r a w i n g s   in   w h i c h : -  

FIG.  1  shows   a  l i g h t i n g   u n i t ,  

FIG.  2  i s   a  b a l l a s t   c i r c u i t   f o r   u s e   in  t h e   l i g h t i n g   u n i t  

o f   F i g .   1 ,  

FIG.  3  i s   a  s i m p l i f i e d   d i a g r a m   of  t h e   c i r c u i t   of  F i g .   2 ,  

F I G .  4   i s   a  t i m i n g   d i a g r a m   r e l a t e d   to  t h e   o p e r a t i o n   o f  

t h e   c i r c u i t   of   F i g .   2 ,  

FIG.  5  i s   a  f i r s t   a l t e r n a t i v e   b a l l a s t   c i r c u i t ,  



FIG.   6  i s   a  t i m i n g   d i a g r a m   r e l a t e d   to   t h e   o p e r a t i o n  

of   t h e   c i r c u i t   of  F i g .   5 ,  

FIG.   7  i s   a  t i m i n g   d i a g r a m   r e l a t e d   to   t h e   o p e r a t i o n   o f  

a  m o d i f i e d   F i g .   5 ,  

FIG.   8  i s   a  s i m p l i f i e d   d i a g r a m   of   a  s e c o n d   a l t e r n a t i v e  

b a l l a s t   c i r c u i t ,  

FIG.   9  i s   a  t i m i n g   d i a g r a m   r e l a t e d   to   t h e   o p e r a t i o n  

of   t h e   c i r c u i t   of  F i g .   8 ,  

FIG.   10  i s   a  f u l l   c i r c u i t   d i a g r a m   of   t h e   s i m p l i f i e d  

c i r c u i t   o f   F i g .   8 ,  

FIG.   11  s h o w s  v a r i o u s   w a v e f o r m s   r e l a t e d   to  t h e   o p e r a t i o n  

of   t h e   c i r c u i t   of  F i g .   1 0 ,  

F I G .   12  i s   a  t h i r d   a l t e r n a t i v e   b a l l a s t   c i r c u i t ,  

FIG.   13  i s   a  f o u r t h   a l t e r n a t i v e   b a l l a s t   c i r c u i t ,   a n d  

FIG.   14  i s   a  f i f t h   a l t e r n a t i v e   b a l l a s t   c i r c u i t .  

F i g .   1  s h o w s   a  l i g h t i n g   u n i t   60  h a v i n g   a  g a s   d i s c h a r g e  

t u b e   ( s h o w n   in   p h a n t o m )   as   t h e   main   l i g h t   s o u r c e ,  

and  a  f i l a m e n t   as  a  s u p p l e m e n t a r y   l i g h t   s o u r c e  ( a l s o  

shown  in   p h a n t o m )   s p a t i a l l y   d i s p o s e d   w i t h i n   a  l i g h t -  

t r a n s m i s s i v e   o u t e r   e n v e l o p e   62.  T h e  l i g h t i n g   u n i t   6 0  

h a s   an  e l e c t r i c a l l y   c o n d u c t i v e   b a s e   64  and  a  h o u s i n g  

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

F i g .   1  f u r t h e r   s h o w s   t h e   h o u s i n g   66  as  c o n f i n i n g  

r e s t r i c t i v e   b a l l a s t   c i r c u i t   10,   40  or  50  shown  m o r e  



c l e a r l y   r e s p e c t i v e l y   in  F i g s .   2,  5  or  1 0 .  

F i g .   2  shows   a  b a l l a s t   c i r c u i t   f o r   a  g a s   d i s c h a r g e  

t u b e   w h i c h   may  be  of  t h e  



h i g h l y   e f f i c i e n t   t y p e   d e s c r i b e d   i n  o u r   US  P a t e n t  

4 , 1 6 1 , 6 7 2   ( D .   M.  Cap  and  W.  H.  L a k e ) ,  

The  b a l l a s t   c i r c u i t   10  i s   a r r a n g e d  

to   a c c e p t   an  a l t e r n a t i n g  c u r r e n t   ( A . C . )   s o u r c e   a p p l i e d  

a c r o s s   i t s   f i r s t   L1  and   a  s e c o n d   L2  i n p u t   t e r m i n a l s .  

In   g e n e r a l ,   t h e   b a l l a s t   c i r c u i t   10 ,   and   a l s o  

b a l l a s t   c i r c u i t s   40  and   50 ,   t o   be  d e s c r i b e d ,  h a s   m e a n s  

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

m e a n s   h a v i n g   one  of   i t s   e n d s   c o u p l e d   to   a  s w i t c h i n g  

m e a n s .   The   s w i t c h i n g   m e a n s   h a s   a  b i a s   n e t w o r k   w h i c h   i s  

r e s p o n s i v e   to   an  a p p l i e d   v o l t a g e   so  as   t o   r e n d e r   t h e  

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

of   t h e   a p p l i e d   A . C .   v o l t a g e .  

The  o u t p u t   s t a g e   of  t h e   c i r c u i t   a r r a n g e m e n t   10  i s  

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

t e r m i n a l s   a  s e r i a l   a r r a n g e m e n t   of  a  t u n g s t e n   f i l a m e n t  

and   a  g a s   d i s c h a r g e   t u b e   h a v i n g   a  s t a r t i n g   c i r c u i t .  

The  b a l l a s t   c i r c u i t  1 0   c o m p r i s e s   a  f i r s t   c a p a c i t o r  

e n e r g y   s t o r a g e   d e v i c e   ClA  and   a  s e c o n d   c a p a c i t o r  

s t o r a g e   d e v i c e   C l B .  T h e   c i r c u i t   a r r a n g e m e n t   10  h a s  

m e a n s ,   s h o w n   as  d i o d e s   DlA,   D3A,  DlB  and  D3B, , 
f o r   p r o v i d i n g   a  p a t h   f o r   t h e   A .C .   v o l t a g e s   to   c h a r g e  

t h e   c a p a c i t o r   e n e r g y   s t o r a g e   d e v i c e s   ClA  and   C l B  
e a c h   d u r i n g   a  p r e s e l e c t e d   p o r t i o n   of  t h e  A . C .  

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

f i r s t  1 2 A   and  a  s e c o n d  1 2 B  c u r r e n t   c o n t r o l   d e v i c e  

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

d e v i c e s   ClA  and  ClB  The  f i r s t   12A  and   t h e  

s e c o n d   1 2 B  a r e   c o n d i t i o n a l l y   r e s p o n s i v e   t o   t h e  

a p p l i e d   A . C .   v o l t a g e   t h r o u g h   t h e i r   r e s p e c t i v e   b i a s  

n e t w o r k s ,   so  as  t o   p r o v i d e   a  p a t h   to   d i s c h a r g e   t h e i r  

r e s p e c t i v e   c a p a c i t o r   e n e r g y   s t o r a g e   d e v i c e   ClA  o r  

ClB  a t   s e l e c t e d   p o r t i o n s   of  t h e   A .C .   v o l t a g e   s i g n a l  

so  t h a t   e x t i n c t i o n   of   t h e   g a s  d i s c h a r g e   t u b e   d u r i n g   i t s  



s t e a d y - s t a t e   mode  of  o p e r a t i o n   i s   p r e v e n t e d .   F u r t h e r ,  

t h e   c h a r a c t e r i s t i c s   of  12A  and  12B  a r e   s u c h   as  t o  

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

d i s c h a r g e   t u b e   and  n e v e r   b a c k   i n t o   t h e   A.C.   s u p p l y   l i n e .  

FIG.   2  s h o w s   t h e   a r r a n g e m e n t   of  t h e   s t a r t i n g  

c i r c u i t   11  as  c o m p r i s e d   o f  a   p l u r a l i t y   of  c o n v e n t i o n a l  

e l e m e n t s   of  t h e   t y p e   i n d i c a t e d   or  h a v i n g   t y p i c a l  

c o m p o n e n t   v a l u e s   b o t h   as  g i v e n   in   T a b l e   1 .  

The  s t a r t i n g   c i r c u i t   11  p r o v i d e s   t h e   n e c e s s a r y  

v o l t a g e s   so  as  to   t r a n s i t i o n   t h e   gas   d i s c h a r g e   t u b e  



f r o m   i t s   (1)  i n i t i a l   s t a t e   r e q u i r i n g   a  h i g h   a p p l i e d  

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

t u b e ,   (2)   to   i t s   g l o w - t o - a r c   m o d e ,   and  t h e n   (3)  i t s  

f i n a l   s t e a d y   s t a t e   r u n   c o n d i t i o n .   The  s t a r t i n g   c i r c u i t  

11  o p e r a t e s   in   t h e   f o l l o w i n g   m a n n e r ,   (1)   when  t h e   g a s  

d i s c h a r g e   t u b e   i s   i n i t i a l l y   e n e r g i z e d   i t   i s   a  

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

i n i t i a l l y   f l o w s   t h r o u g h   RS  c h a r g i n g   CS,  (2)   w h e n  

t h e   v o l t a g e   on  c a p a c i t o r   CS  e q u a l s   or  e x c e e d s   t h e  

b r e a k d o w n   or  t u r n - o n   v o l t a g e   ( a p p r o x i m a t e l y   120  v o l t s )  

of  t h e   SIDAC  QS,  c o n n e c t e d   in   a  p a r a l l e l   m a n n e r  

a c r o s s   CS,  v i a   a  f e r r i t e   t r a n s f o r m e r   TS,  QS  i s  

r e n d e r e d   c o n d u c t i v e ,   (3)  t h e   c o n d u c t i v e   QS  p r o v i d e s   a  

low  i m p e d a n c e   p a t h   so  t h a t   t h e   e n e r g y   s t o r e d   o n  

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

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

f o r   i o n i z a t i o n   of   t h e   g a s   d i s c h a r g e   t u b e ,   (4)  t h i s  

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

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

(5)   t h e   g a s   d i s c h a r g e   t u b e   t h e n   s e q u e n c e s   f r o m   i t s  

i n i t i a l   s t a t e   t o   i t s   g l o w - m o d e   and  f i n a l l y   to   i t s  

s t e a d y - s t a t e   r u n   m o d e ,   (6)  when  t h e   g a s   d i s c h a r g e   t u b e  

i s   in   i t s   s t e a d y   s t a t e   run   c o n d i t i o n   i t   b e c o m e s   a  

r e l a t i v e l y   low  i m p e d a n c e   and  low  v o l t a g e   d e v i c e   so  t h a t  

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

d i s c h a r g e   t u b e ,   and  f i n a l l y   ( 7 ) ,   t h e   s t a r t i n g   c i r c u i t  

22  i s   e f f e c t i v e l y   r e m o v e d   f r o m   t h e   b a l l a s t   c i r c u i t   20  

s i n c e   t h e   c o n d u c t i n g   l amp  p r e v e n t s   t h e   v o l t a g e   on  CS 
f r o m   r e a c h i n g   t h e   t u r n   on  v o l t a g e   of  t h e   SIDAC  Q S .  

The  c i r c u i t   a r r a n g e m e n t   10  h a s   two  s y m m e t r i c a l  

s u b - a r r a n g e m e n t s ,   shown  by  t h e   u s e   of  s u b s c r i p t s   A  a n d  

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

c o n v e n t i o n a l   e l e m e n t s   of  t h e   t y p e   or   h a v i n g   t h e   t y p i c a l  

c o m p o n e n t   v a l u e s   g i v e n   in  T a b l e   2 .  



The  c i r c u i t   a r r a n g e m e n t   10  f u r t h e r   c o m p r i s e s   t h e  

c a p a c i t o r   e n e r g y   s t o r a g e   d e v i c e s   ClA  and  C l   h a v i n g  

a  c a p a c i t i v e   v a l u e   of  10  m i c r o f a r a d s ,   b u t   a l t e r n a t i v e l y  

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

e m b o d i m e n t s   of  t h e   p r e s e n t   i n v e n t i o n   to   be  d e s c r i b e d .  

The  two  s u b - a r r a n g e m e n t s   h a v i n g   t h e   s u b s c r i p t s   A 

or  B  o p e r a t e   in  a  s i m i l a r   m a n n e r   w i t h   t h e  

s u b - a r r a n g e m e n t   A  c o n t r o l l i n g   t h e   o p e r a t i o n   of  c i r c u i t  

10  d u r i n g   t h e   p o s i t i v e   p o r t i o n   of  t h e   a p p l i e d   A . C .  

v o l t a g e   and  s u b - a r r a n g e m e n t   B  c o n t r o l l i n g   t h e   o p e r a t i o n  

of  c i r c u i t   10  d u r i n g   t h e   n e g a t i v e   p o r t i o n   of  t h e  

a p p l i e d   A.C.   v o l t a g e .   The  c i r c u i t   a r r a n g e m e n t   o f  

s u b - a r r a n g e m e n t s   A  and  B  a r e   e s s e n t i a l l y   t h e   same  in  a  

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

s t r u c t u r a l   a r r a n g e m e n t   of   c i r c u i t   s u b - a r r a n g e m e n t   A  i s  

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

i s   e q u a l l y   a p p l i c a b l e   t o   t h e  c i r c u i t   of  s u b - a r r a n g e m e n t  



B.  

The  c u r r e n t   c o n t r o l l e d   d e v i c e   12,  of  s u b -  

a r r a n g e m e n t   A  has   t h r e e   t e r m i n a l s   14A,  16A,  a n d  

18A.  The  t e r m i n a l   1 4 A  i s   c o n n e c t e d   to   t h e   n o d e  

f o r m e d   f r o m   t h r e e   d e v i c e s   (1)   t h e   c a t h o d e   of  a  f o r w a r d  

c o n d u c t i n g   d i o d e   D2A  w h i c h   h a s   i t s   a n o d e   c o n n e c t e d   t o  

one   s i d e   of  t h e   o u t p u t   s t a g e ,   and   t o   t h e   c a t h o d e   of  a  

f o r w a r d   c o n d u c t i n g   d i o d e   DlA,   (2)   one  end  of  a  r e -  

s i s t o r   R2A  w h i c h   has   i t s   o t h e r   end  c o n n e c t e d   t o   t h e  

t e r m i n a l   18A  of  d e v i c e   12A,  and  (3)   t h e   a n o d e   o f  

t h e   s w i t c h i n g   means   SlA  w h i c h   h a s   i t s   c a t h o d e  

c o n n e c t e d   t o   t h e   t e r m i n a l   Ll  and  i t s   g a t e   c o n n e c t e d   t o  

one  end   of  r e s i s t o r   RlA  w h i c h ,   in   t u r n ,   has   i t s   o t h e r  

end   c o n n e c t e d   to   t h e   c a t h o d e   of  t h e   s w i t c h i n g   m e a n s  

S l B ,   t e r m i n a l   L2,  and  t o   a  n e t w o r k   3 0 A .  
N e t w o r k   30A  i s   c o m p r i s e d   of  a  s w i t c h i n g   m e a n s  

S2A,   t r a n s i s t o r   Q4A,  d i o d e   D7A,  and  r e s i s t o r s  

R3A,  R 4 A  a n d   R5A.  The  d i o d e   D7A  h a s   i t s   a n o d e  

c o n n e c t e d   t o   one   s i d e   of  c a p a c i t o r   ClA  and  i t s  

c a t h o d e   c o n n e c t e d   to   t h e   b a s e   of  t r a n s i s t o r   Q4A  a n d  

a l s o   t o   one   end  of  r e s i s t o r   R5A,  w h i c h ,   in   t u r n ,   h a s  

i t s   o t h e r   end   c o n n e c t e d   to   t h e   c a t h o d e   of  s w i t c h i n g  

m e a n s   S l A .  
The  t r a n s i s t o r   Q4A  h a s   i t s   e m i t t e r   c o n n e c t e d   t o  

t h e   s i d e   of  c a p a c i t o r   ClA.  The  c o l l e c t o r   of  t r a n -  

s i s t o r   Q4A  i s   c o n n e c t e d   to   a  n o d e   f o r m e d   f r o m   one  e n d  

of   e a c h   r e s i s t o r   R3A  and  R4A.  The  o t h e r   end  o f  

r e s i s t o r   R3A  i s   c o n n e c t e d   t o   t h e   g a t e   of  s w i t c h i n g  

m e a n s   S2A,   w h e r e a s ,   t h e   o t h e r   end   of  r e s i s t o r   R4A 
i s   c o n n e c t e d   to   t h e   a n o d e   of   s w i t c h i n g   m e a n s   S 2 A .  
The  c a t h o d e   of  s w i t c h i n g   m e a n s   S2A  i s   c o n n e c t e d   to   a  

t e r m i n a l   18A  of  t h e   c u r r e n t   c o n t r o l l e d   d e v i c e   1 2 A .  
The  s e c o n d   t e r m i n a l   16A  of  d e v i c e   12A  i s   c o n n e c t e d  

to   one   s i d e   of  t h e   o u t p u t   s t a g e   of  c i r c u i t   1 0 .  

The  c u r r e n t   c o n t r o l   d e v i c e   12A  i s   c o m p r i s e d   of  a  



s e r i a l   a r r a n g e m e n t   of  t r a n s i s t o r s   Q3A,  Q2A  a n d  

Q1A.  The  c o l l e c t o r   of  t r a n s i s t o r   Q la   has   a  s e r i a l  

a r r a n g e m e n t   of  d i o d e s   D5A,  D6A  and  D7A.  For   t h e  

e m b o d i m e n t   shown   in  F IG .   2  t h e   d i o d e s   D5A,  D6A  a n d  

D7A  a r e   d e s i r e d   to   p r o v i d e   a  v o l t a g e   d r o p   a c r o s s  

t h e i r   t e r m i n a l s   to   a s s u r e   s a t u r a t i o n   of  d e v i c e   12A 

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

The  o p e r a t i o n   of  one  e m b o d i m e n t   of  t h e   p r e s e n t  

i n v e n t i o n   shown  as  c i r c u i t   a r r a n g e m e n t   10  of  FIG.   1  m a y  
b e s t   be  d e s c r i b e d   by  f i r s t   r e f e r r i n g   to   a  s i m p l i f i e d  

d i a g r a m   of  c i r c u i t   a r r a n g e m e n t   10  w h i c h   i s   shown  i n  

FIG.   3.  F I G .  3   s h o w s   t h e   c a p a c i t o r   ClA  a s  

i n t e r r e l a t e d   to   t h e   f i r s t   c u r r e n t   c o n t r o l   d e v i c e   1 2 ,  

and  t h e   f i r s t   s w i t c h i n g   m e a n s   S lA,   w h e r e a s ,   t h e  

c a p a c i t o r   ClB  i s   shown  as  i n t e r r e l a t e d   to   t h e   s e c o n d  

c u r r e n t   c o n t r o l   d e v i c e   12B  and  t h e   s e c o n d  s w i t c h i n g  

m e a n s   S l B .  
In  g e n e r a l ,   t h e  c a p a c i t o r   ClA  and  ClB  a r e  

c h a r g e d   d u r i n g   t h e   p e a k   v o l t a g e s   of  t h e   a p p l i e d   A . C .  

v o l t a g e   and  t h e n   d i s c h a r g e d   u n d e r   t h e   c o n t r o l   of  12A 
and  12D,  r e s p e c t i v e l y ,   i n t o   t h e   gas   d i s c h a r g e   t u b e  

when  r e i g n i t i o n   or  r e s t r i k e   e n e r g y   i s   n e e d e d   f o r   t h e  

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

when  the   a p p l i e d   A.C.   v o l t a g e   t r a n s i t i o n s   t h r o u g h   i t s  

z e r o   c o n d i t i o n .   The  d i s c h a r g e   e n e r g y   or  t i m e d   p u l s e  

a d d i t i o n   of  ClA  and  ClB  a l l o w s   t h e   a r c   c o n d i t i o n   o f  

t h e   gas   d i s c h a r g e   t u b e   d u r i n g   i t s   s t e a d y   s t a t e   mode  o f  

o p e r a t i o n   to  be  c o n t i n u o u s l y   m a i n t a i n e d .   The  p o r t i o n s  

of  t h e   a p p l i e d   A .C .   v o l t a g e   a r e   p r e f e r e n t i a l l y   a n d  

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

(TPA)  s u p p l i e d   by  t h e   d i s c h a r g e   of  t h e   c a p a c i t o r   C l A  
and  ClB  i s   o n l y   a c c o m p l i s h e d   when  t h e   gas   d i s c h a r g e  

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

c o n d i t i o n   e x t i n c t i o n .   The  d e s i r e d   s e l e c t e d   p o r t i o n s   o f  

t h e   a p p l i e d   A.C.   v o l t a g e   a t   w h i c h   t h e   c a p a c i t o r   C lA  



and  ClB  a r e   d i s c h a r g e d   a r e   b e s t   d e s c r i b e d   w i t h  

r e f e r e n c e   to   FIG.   4 .  

F I G .  4   i s   s e g m e n t e d   i n t o   t e n   s u b - s e c t i o n s   s h o w n  

a s :   (1)   F IG .   4 ( a )   s h o w i n g   an  A .C .   v o l t a g e   h a v i n g   a n  

u p p e r m o s t   p o r t i o n   w i t h   a  0 ° t o   360°   v a r i a t i o n   of  t h e  

A .C .   v o l t a g e ;   (2)   FIG.   4 ( b )   s h o w i n g   t h e   o p e n  

( n o n - c o n d u c t i v e )   and  c l o s e d   ( c o n d u c t i v e )   s t a t e s   of  t h e  

t r a n s i s t o r   Q 4 A ;  ( 3 )   FIG.   4 ( c )   s h o w i n g   t h e   c l o s e d  

( c o n d u c t i v e )   and  open   ( n o n - c o n d u c t i v e )   s t a t e s   o f  

s w i t c h i n g   m e a n s   S2A;  (4)  F IG.   4 ( d )   s h o w i n g   t h e   c l o s e d  

( c o n d u c t i v e )   and  open   ( n o n - c o n d u c t i v e )   s t a t e s   o f  

c u r r e n t   c o n t r o l l e d   d e v i c e   12A;  (5)   F IG .   4 ( e )   s h o w i n g  

t h e   c l o s e d   ( c o n d u c t i v e )   and  o p e n   ( n o n - c o n d u c t i v e )  

s t a t e s   of   t r a n s i s t o r   Q4B;  (6)  F I G .   4 ( f )   s h o w i n g   t h e  

c l o s e d   ( c o n d u c t i v e )   and  o p e n   ( n o n - c o n d u c t i v e )   s t a t e s   o f  

s w i t c h i n g   m e a n s   S28 ;   (7)  FIG.   4 ( g )   s h o w i n g   t h e   c l o s e d  

( c o n d u c t i v e )   and  open   ( n o n - c o n d u c t i v e )   s t a t e s   of  t h e  

c u r r e n t   c o n t r o l l e d   d e v i c e   12B;  (8)   F IG .   4 ( h )   s h o w i n g  

t h e   l i n e   c u r r e n t   f l o w i n g   i n t o   t e r m i n a l   L1  and  o u t   o f  

t e r m i n a l   L2  and  d e f i n e d   as   " p o s i t i v e "   in  p o l a r i t y ;  

(9)  F I G .   4 ( i )   s h o w i n g   t h e   w a v e f o r m   of  t h e   l amp  v o l t a g e  

w h i c h   i s   t h e   v o l t a g e   a p p l i e d   a c r o s s   t h e   gas   d i s c h a r g e  

t u b e   of  F IG .   2  d e f i n e d   as  p o s i t i v e   on  t o p ,   m e a s u r e d  

w i t h   r e s p e c t   t o   b o t t o m   as  d r a w n ;   and  (10 )   F IG.   4 ( j )  

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

g a s   d i s c h a r g e   t u b e   of  F IG .   2  d e f i n e d   as   p o s i t i v e   w h e n  

f l o w i n g   in   t h e   same  d i r e c t i o n   as   t h e   p r e v i o u s l y   d e f i n e d  

f l o w   of   l i n e   c u r r e n t   of  F IG .   4 ( h ) .  

From  F IG.   4 ( i )   i t   s h o u l d   be  n o t e d   t h a t   t h e   l a m p  

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

F u r t h e r m o r e ,   t h e   i n i t i a l   p o s i t i v e   and  n e g a t i v e   p o r t i o n s  

of  t h e   s q u a r e - w a v e   of  F IG.   4 ( i )   a r e   r e s p e c t i v e l y  

s h a r p l y   r i s i n g   and  s h a r p l y   f a l l i n g   t y p e s .   T h e  

w a v e s h a p e   of  F IG.   4 ( i )   i s   of  s u b s t a n t i a l   i m p o r t a n c e   t o  

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



10  of  FIG.   2  g e n e r a t e s   t h i s   t y p e   w a v e s h a p e   even   t h o u g h  

t h e   a p p l i e d   A.C.   v o l t a g e   of  FIG.   4 ( a )   w h i c h   p e r i o d i -  

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

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

t h e   gas  d i s c h a r g e   t u b e   to   e x p e r i e n c e   an  e x t i n c t i o n .  

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

o n l y   g e n e r a t e s   t h e   s p i k e - l i k e   or  c a p a c i t i v e - k i c k   t i m e d  

p u l s e   a d d i t i o n   (TPA)  when  i t   i s   n e c e s s a r y   to   p r e v e n t  

e x t i n c t i o n   of  t h e   a r c   c o n d i t i o n   of  t h e   gas   d i s c h a r g e  

t u b e .  

A  c o m p a r i s o n   b e t w e e n   F IGS.   4 ( a )   and  4 ( i )   r e v e a l s  

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

t h e   s q u a r e   wave  of  F IG .   4 ( i )   a r e   r e s p e c t i v e l y   r e l a t e d  

to   t h e   0°  and  180°   p o r t i o n s   of  A.C.   v o l t a g e   of  F I G .  

4 ( a ) .   The  s h a r p l y   r i s i n g   p o r t i o n s   of  t h e   lamp  v o l t a g e  

of  FIG.   4 ( i )   a r e   c o n t r o l l e d   by:   (1)  t h e   open   and  c l o s e d  

s t a t e s   of  t h e   t r a n s i s t o r   Q4A  of  FIG.   4 ( b ) ;   (2)  t h e  

o p e n   and  c l o s e d   s t a t e   of  t h e   s w i t c h i n g   means   S2A  o f  

FIG.   4 ( c ) ;   and  (3)  t h e   o p e n   and  c l o s e d   s t a t e s   of  t h e  

c u r r e n t   c o n t r o l   d e v i c e   12A  of  FIG.   4 ( d ) ,   w h e r e a s ,   t h e  

s h a r p l y   f a l l i n g   p o r t i o n s   of  t h e   l amp  v o l t a g e   of  F I G .  

4 ( i )   a r e   c o n t r o l l e d   by  (1)  t h e   open   and  c l o s e d   s t a t e s  

of  t he   t r a n s i s t o r   Q4B;  (2)  t h e   open   and  c l o s e d   s t a t e s  

of  t h e   s w i t c h i n g   m e a n s   S2B  of  FIG.   4 ( f ) ;   and  (3)  t h e  

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

12B  of  FIG.   4 ( g ) .  

I t   s h o u l d   be  n o t e d   t h a t   F IG.   4 ( c )   and  FIG.   4 ( h )  

a r e   r e l a t e d   by  an  e v e n t   30 ,   and  t h a t   FIG.   4 ( d )   and  F I G .  

4 ( j )   a r e   r e l a t e d   b y  a n   e v e n t   32.   S i m i l a r l y   f r o m   FIG.   4 

i t   s h o u l d   be  n o t e d   t h a t ,   FIG.   4 ( f )   and  FIG.   4 ( h )   a r e  

r e l a t e d   by  an  e v e n t   34  and  t h a t   FIG.   4 ( g )   and  FIG.   4 ( j )  

a r e   r e l a t e d   by  an  e v e n t   36.  The  e v e n t s   30  and  34  a r e  

r e l a t e d  t o   t h e   z e r o   c o n d i t i o n   of  t h e   l i n e   c u r r e n t   o f  

FIG.   4 ( h )   and  t h e   e v e n t s   32  and  36  a r e   r e l a t e d   to  t h e  

lamp  c u r r e n t   of  FIG.   4 ( j ) .  



The  s h a r p l y   r i s i n g   and  s h a r p l y   f a l l i n g   p o r t i o n s   o f  

t h e   s q u a r e   wave  w a v e f o r m   of  t h e   lamp  v o l t a g e   of  F I G .  

4  ( i )   a r e   p r o v i d e d   by  p r e f e r e n t i a l l y   d i s c h a r g i n g   t h e  

e n e r g y   s t o r e d   in  C1A  and  ClB  i n t o   t h e   gas   d i s c h a r g e  

t u b e   of   F I G .   1.  The  d i s c h a r g e   of  C1A  and  ClB  i s  

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

c u r r e n t   c o n t r o l l e d   d e v i c e s   12A  and  S2A  and  1 2 B  
and  S2B,   w h i c h ,   in   t u r n ,   a r e   r e s p e c t i v e l y   r e n d e r e d  

c o n d u c t i v e   or  i n h i b i t e d   f r o m   c o n d u c t i o n   by  t h e  

s w i t c h i n g   m e a n s   S1A  and  t r a n s i s t o r   Q4A  a n d  

s w i t c h i n g   m e a n s   S1B  and  t r a n s i s t o r   Q4B.  T h e  

d i s c h a r g e   and  c h a r g i n g   of  C1A  and  C1B  i s   b e s t  

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   c i r c u i t   a r r a n g e m e n t   10  

of  F I G .   2 .  

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

s u b - a r r a n g e m e n t   A  of   c i r c u i t   a r r a n g e m e n t   10  r e l a t e d   t o  

t h e   d i s c h a r g i n g   and  c h a r g i n g   of  C1A  i s   o n l y   to   b e  

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

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

d i s c h a r g i n g   of  C 1 B .  
R e f e r r i n g   now  to   FIG.   2,  i n i t i a l l y   C 1 A  i s  

c h a r g e d   t o   t h e   p e a k   l i n e   A .C.   v o l t a g e   t h r o u g h   d i o d e s  

DIA  and   D3A.  D u r i n g   t h e   p o s i t i v e   h a l f - c y c l e   ( L 1  

p o s i t i v e   r e l a t i v e   t o   L2)  S1B  i s   c o n d u c t i n g   i n  

r e s p o n s e   t o   t h e   p o s i t i v e   v o l t a g e   a p p l i e d   v i a   R 1 B ,  
w h e r e a s ,   d u r i n g   t h e   n e g a t i v e   h a l f - c y c l e   (L2  p o s i t i v e  

r e l a t i v e   t o   L l )   SlA  i s   c o n d u c t i n g   in   r e s p o n s e   to   t h e  

p o s i t i v e   v o l t a g e   a p p l i e d   v i a   R 1 A .  
On  t h e   p o s i t i v e   h a l f - c y c l e ,   Q4A  i s   c o n d u c t i v e  

v i a   t h e   p o s i t i v e   v o l t a g e   a p p l i e d   v i a   R5A.  T h e  

c o n d u c t i o n   of  Q4A  i n h i b i t s   t h e   t r i g g e r i n g   a n d  

s u b s e q u e n t   c o n d u c t i o n   of  s w i t c h i n g   means   S 2 A .  
S w i t c h i n g   m e a n s   S2A  i s   o n l y   a l l o w e d   to   c o n d u c t   o n c e  

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

t h e   l i n e   v o l t a g e .  



D u r i n g   a  m a j o r   p o r t i o n   of  t h e   n e g a t i v e   h a l f - c y c l e  

c u r r e n t   i s   f l o w i n g   f r o m   t e r m i n a l   L2,  t h r o u g h   d i o d e  

D1B  up  t h r o u g h   t h e   a r c   t u b e   and  f i l a m e n t ,   t h r o u g h  

D2A,  and  S1A  b a c k   to   t e r m i n a l   L l .   The  c u r r e n t  

f l o w i n g   t h r o u g h   d i o d e   D2A  b a c k   b i a s e s   or  r e v e r s e  

b i a s e s   t h e   t r a n s i s t o r s   Q1A,  Q2A  and  Q 3 A  s o   as  t o  

i n h i b i t   c u r r e n t   f l o w i n g   t h r o u g h   S2A  so  t h a t   S2A  i s  

m a i n t a i n e d   in  i t s   n o n - c o n d u c t i v e   s t a t e .  

R e f e r r i n g   now  to   F I G S .   4 ( a ) ,   4 ( b ) ,   4 ( c )   and  4 ( d ) ,  

more   p a r t i c u l a r l y ,   to   t h e   s e g m e n t   24  of  F IG .   4  r e l a t e d  

to   F IGS .   4 ( a ) ,   4 ( b ) ,   4 ( c )   and  4 ( d ) ,   i t   i s   s e e n   t h a t  

d u r i n g   t h e   n e g a t i v e   h a l f - c y c l e   of  FIG.   4 ( a ) ,   and  a  

s m a l l   p o r t i o n   of  t h e   p o s i t i v e   h a l f - c y c l e ;   t r a n s i s t o r  

Q4A  of  FIG.   4 ( b )   i s   in   a  n o n - c o n d u c t i v e   ( o p e n )   s t a t e ,  

a n d ,   in  t u r n ,   a l l o w s   S 2 A  t o   be  t r i g g e r e d   i n t o  

c o n d u c t i o n   w i t h   t h e   v o l t a g e   of  C1A  v i a   t h e   p a t h   o f  

R4A  and  R3A.  H o w e v e r ,   S2A  d o e s   n o t   i m m e d i a t e l y  

c o n d u c t ,   due  to   t h e   a f o r e m e n t i o n e d   b a c k - b i a s e d  

c o n d i t i o n   of  1 2 A .  
At  t h e   b e g i n n i n g   of  t h e   p o s i t i v e   h a l f - c y c l e ,   t h e  

no  l o n g e r   b a c k - b i a s e d   c o n d i t i o n   of  c u r r e n t   c o n t r o l l e d  

d e v i c e   12A  in  t u r n   a l l o w s   s w i t c h i n g  m e a n s   S2A  t o  

c o n d u c t ,   as  shown  in  FIG.   4 ( c )   as  d e v i c e   S2A 
t r a n s i t i o n i n g   f r o m   i t s   o p e n   to   i t s   c l o s e d   s t a t e .   T h e  

c l o s u r e   of  S2A  f o r w a r d   b i a s e s   d e v i c e   12A,  v i a  

r e s i s t o r   R2A  c a u s i n g   d e v i c e   12A  to   s a t u r a t e .   T h e  

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

12A  and  t h e   s w i t c h i n g   m e a n s   S2A  p r o v i d e s   t h e   p a t h  
f o r   d i s c h a r g i n g   t h e   e n e r g y   s t o r e d   in  c a p a c i t o r   C1A 
i n t o   t h e   gas   d i s c h a r g e   t u b e   w h i c h   i n h i b i t s   t h e  

e x t i n c t i o n   of  t h e   a r c   of  t h e   gas   d i s c h a r g e   t u b e   t h a t  

may  t y p i c a l l y   o c c u r   d u r i n g   t h e   z e r o   c o n d i t i o n   of  t h e  

A .C .   v o l t a g e   of  F IG.   4 a .  

As  t h e   v o l t a g e   f r o m   t h e   C1A  d e c a y s   t o   a  v a l u e  

b e l o w   t h a t   of  t h e   A.C.   l i n e ,   t h e   s w i t c h i n g   m e a n s   S2A 



i s   r e n d e r e d   n o n - c o n d u c t i v e   shown  in  FIG.  4 ( c )   a s  

s w i t c h i n g   means   S2A  t r a n s i t i o n i n c   f rom  i t s   c l o s e d   t o  

i t s   o p e n   s t a t e ,   and  r e n d e r e d   n o t   r e r r i g g e r a b l e   as  s h o w n  

in  F I G .   4 ( b )   by  e v e n t   30 .   At  t h i s   j u n c t u r e   t h e   l i n e  

c u r r e n t   i s   f l o w i n g   t h r o u g h   D1A  and  s u p p l i e s   t h e  

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

d i s c h a r g e   t u b e .   F u r t h e r ,   a t   t h i s   j u n c t u r e   t h e   l a m p  

c u r r e n t   now  f l o w s   t h r o u g h   d i o d e   D2B  w h i c h   r e v e r s e  

b i a s e s   t h e   c u r r e n t   c o n t r o l l e d   d e v i c e   12B  r e n d e r i n g   i t  

n o n - c o n d u c t i v e   as  shown   in  F I G S .   4 ( g )  

The  t r a n s i s t o r   Q4B  of  F IG .   4 ( c ) ,   s w i t c h i n g   m e a n s  

S2B  of   F IG .   4 ( f ) ,   and  c u r r e n t   c o n t r o l l e d   d e v i c e   1 2 B  
of  F I G .   4 ( g )   o p e r a t e   d u r i n g   t h e   t r a n s i t i o n   of  t h e  

n e g a t i v e   h a l f - c y c l e   of  F IG .   4 ( a )   t h r o u g h   i t s   z e r o  

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

d e s c r i b e d   f o r   t r a n s i s t o r   Q4A,  s w i t c h i n g   m e a n s   S 2 A ,  
and  c u r r e n t   c o n t r o l l e d   d e v i c e   12A  so  as  t o   i n h i b i t  

t h e   a r c   e x t i n c t i o n   of  t h e   g a s   d i s c h a r g e   t u b e   d u r i n g   t h e  

p o s i t i v e   h a l f - c y c l e   z e r o   c o n d i t i o n .   F u r t h e r ,   t h e  

d e s c r i p t i o n   of  e v e n t   30  i s   e q u a l l y   a p p l i c a b l e   t o   e v e n t  

3 4 .  

The  c i r c u i t   a r r a n g e m e n t   10  p r o v i d e s   a  t i m e d   p u l s e  

a d d i t i o n   (TPA)  a t   t h e   b e g i n n i n g   of  a  c y c l e   of   t h e   A . C .  

v o l t a g e   of  F IG.   4 ( a ) .   The  t i m e d   p u l s e   a d d i t i o n   ( T P A )  

a t   t h e   b e g i n n i n g   ( P r e )   i s   h e r e i n   t e r m e d   a  P r e - T P A .  

The  d u r a t i o n   of   t h e   c o n d u c t i v e   and  n o n - c o n d u c t i v e  

s t a t e s   of   s w i t c h i n g   m e a n s   S1A  i s   p r i m a r i l y  

d e t e r m i n e d ,   in   p a r t ,   by  t h e   v a l u e   of  r e s i s t a n c e  

s e l e c t e d   f r o m   R1A,  w h e r e a s ,   t h e   d u r a t i o n   of  t h e  

c o n d u c t i v e   and  n o n - c o n d u c t i v e   s t a t e s   of  c u r r e n t  

c o n t r o l l e d   d e v i c e   1 2 A  i s   d e t e r m i n e d ,   in  p a r t ,   by  t h e  

r e s i s t i v e   v a l u e   of  R2A.  I t   i s   i m p o r t a n t   t h a t   t h e  

v a l u e   s e l e c t e d   f o r   R2A  be  s u c h   as   to  c a u s e   t h e  

c u r r e n t   c o n t r o l l e d   d e v i c e   12A  to   be  d r i v e n   i n t o   i t s  

s a t u r a t e d   c o n d i t i o n   when  i t   i s   r e n d e r e d   c o n d u c t i v e .  



F u r t h e r ,   t he   d u r a t i o n s   of  t he   c o n d u c t i v e   s t a t e s   o f  

t r a n s i s t o r   Q4,  i s   d e t e r m i n e d   by  t h e   r e s i s t i v e   v a l u e  

of  r e s i s t o r   R5A ,   w h e r e a s ,   t h e   d u r a t i o n s   of  t h e  

c o n d u c t i v e   s t a t e s   of  s w i t c h i n g   means   S2A  i s  

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

f o r   R3A  and  R4A.  T y p i c a l   v a l u e s   f o r   R1A,  R 2 A ,  

R3A,  R4A  and  R5A  a l o n g   w i t h   t h e   t y p i c a l   c o m p o n e n t  

f o r   S1A  h a v e   b e e n   g i v e n   in   T a b l e   2.  The  a b o v e  

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

s e l e c t i o n s   f o r   d e v i c e   12A  i s   e q u a l l y   a p p l i c a b l e   t o  

d e v i c e   1 2 B .  

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

c a p a c i t i v e   e n e r g y   s t o r a g e   m e a n s   C1A  and  ClB  s h o u l d  

be  s u c h   as  to   s u p p l y   e n o u g h   s t o r e d   e n e r g y   to   b e  

d i s c h a r g e d   i n t o   t h e   g a s   d i s c h a r g e   t u b e   so  t h a t   t h e   g a s  

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

F IG.   4 ( a )   t r a n s i t i o n s   t h r o u g h   i t s   z e r o   c o n d i t i o n .  

I t   s h o u l d   be  r e c o g n i z e d   t h a t   t h e   d e s i r e d   s e l e c t e d  

v a l u e   of  C1A  is   a l s o   d e t e r m i n e d   by  t h e   d u r a t i o n  

( c o n t r o l l e d   by  t h e   d e v i c e s   S1A,  12A,  Q4A,  a n d  

S2A)  a l l o w e d   f o r   c h a r g i n g   and  d i s c h a r g i n g   C1A  a n d  

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

S1B,   12B,  Q 4 B  a n d   S2B)  a l l o w e d   f o r   c h a r g i n g   a n d  

d i s c h a r g i n g   C 1 B .  
T h e  c u r r e n t   c o n t r o l l e d   d e v i c e s   12A  and  12B  o f  

F IG.   2  a r e   of  s u b s t a n t i a l   i m p o r t a n c e   to   t h e   p r e s e n t  

i n v e n t i o n   in  t h a t   t h e s e   d e v i c e s   e a c h   a c t   as  o n e - w a y  
s w i t c h e s   w h i c h   s a f e g u a r d   a g a i n s t   i n a d v e r t e n t   c o n d u c t i o n  

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

t h e   A.C.   l i n e .   The  s w i t c h i n g   means   12A  and  12B  a r e  

e a c h   a r r a n g e d   in  a  c i r c u i t   so  as  to   a c c e p t   a  b i a s  

c u r r e n t   f l o w i n g   i n t o   t h e   f i r s t   e l e c t r o d e   (14A  o r  

14B)  to   r e n d e r   t h e   s w i t c h i n g   d e v i c e   12A  or  1 2 B  
c o n d u c t i v e   such   t h a t   c u r r e n t   f l o w s   f rom  t h e   t h i r d  

e l e c t r o d e   (18A  or  18B)  t o  t h e   s e c o n d   e l e c t r o d e  



(16A  or  1 6 B ) .   The  s e c o n d   e l e c t r o d e   1 6 A  o r   1 6 B  
i s   in  a  c i r c u i t   e f f e c t i v e   to   s u p p l y   c u r r e n t   to   t h e   g a s  

d i s c h a r g e   t u b e   d u r i n g   i t s   c o n d u c t i v e   s t a t e .   A s  

p r e v i o u s l y   m e n t i o n e d ,   t h e   t e r m i n a l   16A  or  16B  i s  

c o n n e c t e d   b a c k   to   t h e   t e r m i n a l   I4A  or  1 4 B ,  

r e s p e c t i v e l y ,   by  d i o d e s   D2A  or  d i o d e   D2B  e a c h  

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

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

f r o m   t h e   s e c o n d   e l e c t r o d e   (16A  or  16B)  to   t h e   f i r s t  

e l e c t r o d e   (14A  or  1 4 B ) .   The  o p e r a t i o n   of  t h e s e  

i n t e r c o n n e c t i n g   means   i s   s u c h   t h a t   when  t h e   c u r r e n t  

f l o w i n g   t h r o u g h   d i o d e   D2A  or  D2B  e s t a b l i s h e s   a  

v o l t a g e   d r o p   a c r o s s   d i o d e   D2A  or  D2B  of  t y p i c a l l y  

0 . 7 5   v o l t s   t h e   c u r r e n t   c o n t r o l l e d   d e v i c e s   12A  o r  

12B,   r e s p e c t i v e l y ,   a r e   b a c k   b i a s e d   or  r e v e r s e   b i a s e d  

and  t h e r e f o r e   i n h i b i t e d   f r o m   c o n d u c t i o n .   I f   t h e  

c u r r e n t   c o n t r o l l e d   d e v i c e   12A  or  12B  i s  

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

o u t   of   t h e   e m i t t e r   of  Q1A  or  Q1B  i s   p r e f e r e n t i a l l y  

d i r e c t e d   b a c k   t o w a r d   and  t h r o u g h   t h e   d i o d e   D2A  o r  

D2B  r e s p e c t i v e l y .   The  c u r r e n t   f l o w i n g   t h r o u g h   d i o d e  

D2A  or  D2B  c a u s e s   a  v o l t a g e   d r o p   of  a p p r o x i m a t e l y  

0 . 7 5   v o l t s ,   w h i c h ,   in   t u r n ,   a u t o m a t i c a l l y   i n h i b i t s   t h e  

i n a d v e r t e n t   c o n d u c t i o n   of  c u r r e n t   c o n t r o l l e d   d e v i c e  

12A  or   12B.   In  t h i s   m a n n e r ,   c o n t r o l l e d   d e v i c e  

12A  or   12B  a c t s   as  a  o n e - w a y   s w i t c h   o n l y   p a s s i n g  

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

t u b e .  

The  c u r r e n t   c o n t r o l l e d   d e v i c e   12A  or  12B  s h o w n  

in  F I G .   2  may  be  m o d i f i e d   by  r e m o v i n g   t h e   s e r i a l l y  

a r r a n g e d   d i o d e s   D4A,  D 5 A  a n d   D6A  or  D4B,  D5B 

and  D6B.  T h e s e   d i o d e s   D4A  . . .   D6B  p r o v i d e  a  

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

d e v i c e   12A  and  123 ,   b u t   i t   h a s   b e e n   d e t e r m i n e d   t h a t  

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



c o n t r o l l e d   d e v i c e s   12A  and  123  o p e r a t e   in  t h e i r  

d e s c r i b e d   m a n n e r ,   i f   t h e   c h a r a c t e r i s t i c s   of  s p e c i f i c  

t r a n s i s t o r s   u s e d   f o r   Q1A,  and  Q2A,  and  Q3A  o r  A 
Q1B,  Q 2 E  a n d   Q3B  p e r m i t   s a t u r a t i o n   in   t h e  

c o n d u c t i v e   s t a t e s   w i t h o u t   d i o d e s   D 4 A . . . D 6 B .  
A n o t h e r   e m b o d i m e n t   of  t h e   p r e s e n t   i n v e n t i o n   i s  

shown  in  F I G .  5   f o r   a  c i r c u i t   a r r a n g e m e n t   40.   T h e  

c i r c u i t   a r r a n g e m e n t   40  of  FIG.  5  i s   s i m i l a r   to   t h e  

c i r c u i t   a r r a n g e m e n t   10  of  FIG.   2  w i t h   t h e   e x c e p t i o n  

t h a t   c i r c u i t   a r r a n g e m e n t   40  d o e s   n o t   h a v e   t h e   n e t w o r k s  

30A  and  30B  of  F IG .   2.  The  e l e m e n t s   of  t h e  

c i r c u i t   a r r a n g e m e n t   40  h a v e   t h e   same  r e f e r e n c e   n u m b e r  

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

c i r c u i t   a r r a n g e m e n t   10.   The  e s s e n t i a l   o p e r a t i n g  

c o n d i t i o n   b e t w e e n   c i r c u i t   a r r a n g e m e n t s   10  and  40  i s  

t h a t   as  p r e v i o u s l y   d e s c r i b e d   t h e   c i r c u i t   a r r a n g e m e n t   10  

of  FIG.   2  a p p l i e s   a  PRE-TPA  to   t h e   g a s   d i s c h a r g e   t u b e ,  

w h e r e a s ,   t h e   c i r c u i t   a r r a n g e m e n t   40  of   FIG.   5  a p p l i e s   a  

TPA  b o t h   a t   t h e   b e g i n n i n g   and  a t   t h e   end  of  t h e   c y c l e  

of  t h e   A.C  v o l t a g e   of  F IG.   4 ( a ) .   The  o p e r a t i o n   of  t h e  

c i r c u i t   a r r a n g e m e n t   40  i s   h e r e i n   t e r m e d   "FULL  T P A . "  

The  o p e r a t i o n   of  t h e   c i r c u i t   a r r a n g e m e n t   40  o f  

F IG.   5  may  be  d e s c r i b e d   by  r e f e r r i n g   to   t h e   t i m i n g  

d i a g r a m   of  FIG.   6.  F IG.   6  is   s i m i l a r   to   FIG.   4  in  t h a t  

i t   i s   s e g m e n t e d   i n t o   e i g h t   (8)  F i g u r e s ,   (1)  FIG.   6 ( a )  

s h o w i n g   t h e   a p p l i e d   A .C .   v o l t a g e   of  FIG.   5,  (2)  F I G .  

6 ( b )   s h o w i n g   t h e   c l o s e d   and  open   s t a t e s   of  t h e  

s w i t c h i n g   means   S1A,  (3)  FIG.   6 ( c )   s h o w i n g   t h e   c l o s e d  

and  open   s t a t e s   of   c u r r e n t   c o n t r o l l e d   d e v i c e   12A,  ( 4 )  

F IG .   6 ( d )   s h o w i n g   t h e   c l o s e d   and  o p e n   s t a t e s   of  t h e  

s w i t c h i n g   means   S1B,   (5)  FIG.  6 ( e )   s h o w i n g   t h e   c l o s e d  

and  open   s t a t e s   of   t h e   c u r r e n t   c o n t r o l l e d   d e v i c e   1 2 B ,  

(6)  FIG.  6 ( f )   s h o w i n g   t h e   w a v e f o r m   of  t h e   l i n e   c u r r e n t  

f l o w i n g   i n t o   t e r m i n a l   L1  and  o u t   of  t e r m i n a l   L2  a n d  

d e f i n e d   as  " p o s i t i v e "   in  p o l a r i t y , ( 7 )   FIG.   6 ( g )   s h o w i n g  



t h e   w a v e f o r m   of  t h e   l amp  v o l t a g e   and  (8)  F IG.   6 ( h )  

s h o w i n g   t h e   w a v e f o r m   of  t h e   lamp  c u r r e n t .   In  a  m a n n e r  

s i m i l a r   to   t h a t   d e s c r i b e d   f o r   FIG.  4 ( i ) ,   f r o m   FIG.   6 ( g ;  

i t   s h o u l d   be  n o t e d   t h a t   t h e   lamp  v o l t a g e   h a s   a  

w a v e s h a p e   r e s e m b l i n g   t h a t   of   a  s q u a r e - w a v e .  

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

d e v i c e s   12A  and  12B  of  F I G .   5  p r i m a r i l y   d e t e r m i n e  

t h e   d i s c h a r g e   s t a t e   of  e n e r g y   s t o r a g e   d e v i c e s   C1A  a n d  

C1B  r e s p e c t i v e l y .   S u p p l y i n g   t h e   t i m e d   p u l s e  

a d d i t i o n s   (TPA)  of  F IG .   6 ( g )   in  a  m a n n e r   p r e v i o u s l y  

d i s c l o s e d   f o r   F IG .   2  f o r   t h e   c o n d u c t i v e   s t a t e s   of  t h e  

c u r r e n t   c o n t r o l l e d   d e v i c e   12A  i s   o n l y   to   be  d e s c r i b e d .  

As  p r e v i o u s l y   d i s c u s s e d   w i t h   r e g a r d   t o   F IG.   2 ,  

when  t h e   s w i t c h i n g   m e a n s   SlA  i s   r e n d e r e d   n o n -  

c o n d u c t i v e ,   shown  in   F IG .   6 ( b )   as  s w i t c h i n g   m e a n s   S 1 A  
t r a n s i t i o n i n g   f r o m   i t s   c l o s e d   to   i t s   o p e n   s t a t e ,   t h e  

c u r r e n t   c o n t r o l l e d   d e v i c e   1 2 A  i s   r e n d e r e d   c o n d u c t i v e  

w h i c h   i s   shown  in  F IG .   6 ( c )   by  t h e   t r a n s i t i o n   of  S l  
f r o m   i t s   o p e n   t o   i t s   c l o s e d   s t a t e .  

As  s o o n   as  c u r r e n t   c o n t r o l l e d   d e v i c e   12A  i s  

r e n d e r e d   c o n d u c t i v e ,   t h e   e n e r g y   s t o r e d   in   C1A  i s  

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

22A,  shown   in  F IG .   5,  w h i c h ,   i s   s e e n   in   t h e   l a m p  

c u r r e n t   w a v e f o r m   of  F I G .   6 ( h )   as  t h e   p o s i t i v e - g o i n g  

s p i k e   a t   t h e   b e g i n n i n g   of  t h e   h a l f   c y c l e .   The  e n e r g y  

of  C1A  i s   d i s c h a r g e d   i n t o   t h e   gas   d i s c h a r g e   t u b e  

u n t i l   t h e   l i n e   v o l t a g e   of  F IG.   6 ( a )   i n c r e a s e s   a n d  

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

C1A.  At  t h i s   j u n c t u r e   c u r r e n t   i s   s u p p l i e d   to   t h e   g a s  

d i s c h a r g e   t u b e   by  t h e   l i n e   c u r r e n t   ( F I G .   6 ( f ) )   and   t h i s  

l i n e   c u r r e n t   a l s o   r e c h a r g e s   C1A  by  way  of   p a t h  

p r o v i d e d   by  d i o d e   D3A.  S u b s e q u e n t l y   as  t h e   l i n e  

v o l t a g e   ( F I G .   6 ( a ) )   s t a r t s   to   f a l l ,   w h i l e   c u r r e n t  

c o n t r o l l e d   d e v i c e   12A  i s   s t i l l   c o n d u c t i n g ,   d i s c h a r g e  

c u r r e n t   a g a i n   f l o w s   o u t   of  C1A  i n t o   t h e   g a s   d i s c h a r g e  



t u b e ,   a d d i n g   c u r r e n t   to   t h e   l i n e   w a v e f o r m   and  p r o d u c i n g  

an  a u g m e n t e d   t a i l .   S u b s e q u e n t l y ,   as  shown  in  F I G S .  

6 ( b )   and  6 ( c )   by  e v e n t   42,   s w i t c h i n g   m e a n s   S l A  
t r a n s i t i o n s   to   i t s   c l o s e d   s t a t e ,   w h i c h ,   in  t u r n ,   c a u s e s  

c u r r e n t   c o n t r o l   d e v i c e   12A  to  t r a n s i t i o n   to   i t s   o p e n  
s t a t e   as   t h e   n e g a t i v e   g o i n g   v o l t a g e   of  t h e   l amp   v o l t a g e  

6 ( g )   s t a r t s   to   i n c r e a s e   f o r   o p e r a t i o n   of  t h e   n e g a t i v e  

h a l f   c y c l e   t h r o u g h   d e v i c e   12B.  The  c i r c u i t  

a r r a n g e m e n t   40  of  F IG .   5  o p e r a t i n g   in  a  m a n n e r   a s  

d e s c r i b e d   w i t h   r e f e r e n c e   to   FIG.   6  m a i n t a i n s   t h e  

d e s i r e d   a r c   c o n d i t i o n   of  t h e   gas   d i s c h a r g e   t u b e   e v e n  

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

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

The  a m o u n t   of  e n e r g y   d e v e l o p e d   by  e i t h e r   of  t h e  

c i r c u i t   a r r a n g e m e n t s   40  of  FIG.   5  or  10  of  F IG .   2  m a y  
be  i n c r e a s e d   by  c h a n g i n g   t h e   s e l e c t e d   v a l u e   o f  

c a p a c i t o r s   C1A  and  ClB  f r o m   10  F  to  50  F.  T h e  

50  F  c a p a c i t o r s   C1A  and  ClB  i n c r e a s e d   t h e   a m o u n t  

of  s t o r e d   e n e r g y   w h i c h   i s   d i s c h a r g e d   i n t o   t h e   g a s  

d i s c h a r g e   t u b e   by  a  f a c t o r   of  f i v e   (5)  to   one   ( 1 )  

r e l a t i v e   to  t h e   10  F  c a p a c i t o r s   C1A  a n d  C 1 B .  
The  c i r c u i t   a r r a n g e m e n t   10  and  40,   s u p p l i e s   t h e  

d e s i r e d   TPA  w i t h o u t   r e l e a s i n g   e l e c t r o m a g n e t i c   e n e r g y  
b a c k   o n t o   t h e   a p p l i e d   A .C.   v o l t a g e .   F u r t h e r ,   a l t h o u g h  

c u r r e n t   c o n t r o l l e d   d e v i c e s   12A  and  12B  h a v e   b e e n  

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

12A  and   12B  may  a l s o   be  i m p l e m e n t e d   w i t h   MOS 

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

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

b e i n g   t u r n e d   on  and  o f f   w i t h   a  c o n t r o l   b i a s   of  t h e  

n a t u r e   d e s c r i b e d .   On ly   d i o d e s   D1A'  D3A  and  D l B  
and  D3B  a r e   n e c e s s a r y   to   r e c h a r g e   t h e   c a p a c i t o r   C1A 
and  C1B,  r e s p e c t i v e l y .   S t i l l   f u r t h e r ,   t h e   p r a c t i c e  

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

d e v i c e   f o r   12A  and  12B,  s u c h   as  a  c u s t o m   d e s i g n e d  



b i p o l a r   d e v i c e   or  c o m m e r c i a l l y   a v a i l a b l e   Power   MOSFET 

or  IGR  ( I n s u l a t e d   G a t e   R e c t i f i e r )   d e v i c e s .   F u r t h e r  

s t i l l ,   a l t h o u g h   S1A,  S1B,  S 2 A  a n d   S23  h a v e   b e e n  

d i s c l o s e d   as  a  S i l i c o n   C o n t r o l l e d   R e c t i f i e r   (SCR)  t h e  

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

p o w e r   MOSFET  or   IGR  d e v i c e s   f o r   e i t h e r   S1A,  S 1 B ,  

S2A  or  S 2 B .  
A  f u r t h e r   e m b o d i m e n t   of  t h e   p r e s e n t   i n v e n t i o n   i s  

p r o v i d e d   by  a l t e r n a t i n g   t h e   c i r c u i t   a r r a n g e m e n t   40  o f  

F IG.   5.  The  a l t e r n a t i o n   i s   a c c o m p l i s h e d   by  i n t e r p o s i n g  

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

D4A  of  t h e   c u r r e n t   c o n t r o l l e d   d e v i c e   12A  and  d i o d e  

D4B  of  t h e   c u r r e n t - c o n t r o l l e d   d e v i c e   12B  and  t h e i r  

r e s p e c t i v e   c a p a c i t o r   C1A  and  C1B.  The  o p e r a t i o n   o f  

t h e   c i r c u i t   a r r a n g e m e n t   40  of  F IG .   5  h a v i n g   t h e   a d d e d  

r e s i s t i v e   e l e m e n t   i s   b e s t   d e s c r i b e d   w i t h   r e f e r e n c e   t o  

F I G .  

F I G .  7   i s   s i m i l a r   to   t h e   p r e v i o u s l y   d e s c r i b e d   F I G .  

6  e x c e p t   f o r   t h e   w a v e s h a p e s   of  F I G .   7 ( g )   s h o w i n g   t h e  

l amp   v o l t a g e   and   F IG .   7 ( h )   s h o w i n g   t h e   l amp  c u r r e n t .   A 

c o m p a r i s o n   b e t w e e n   F IG.   6 ( g )   and  F IG.   7 ( g )   and  F I G .  

6 ( h )   and   F IG .   7 ( h )   r e v e a l   t h a t :   ( I )   t h e   l amp  v o l t a g e   o f  

F IG.   7 ( g )   h a s   a  s q u a r e   w a v e s h a p e   t h a t   has   a  p o s i t i v e  

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

c y c l e   t h a n   F I G .   6 ( g )   and  t h e s e   p e a k   p o r t i o n s   s l o w l y  

d e c a y   b u t   r i s e   a g a i n   l a t e r   in  t h e   c y c l e ;   and  (2)  t h e  

l amp   c u r r e n t   of   F I G . 7 ( h )   h a s   a  w a v e s h a p e   h a v i n g   h i g h e r  

p o s i t i v e   and   n e g a t i v e   p e a k s   t h a n   t h o s e   of  F IG.   6 ( h )  

t h a t   o c c u r   in   t h e   c e n t r a l   p o r t i o n   of  t h e   a p p l i e d   A . C .  

v o l t a g e   o f   F I G .   7 ( a )   and  t h e   i n i t i a l   and  t e r m i n a l  

p o r t i o n s   of   e a c h   h a l f - c y c l e   of  t h e   l amp  c u r r e n t   of  F I G .  

7 ( h )   h a v e   a  p l a t e a u - l i k e   w a v e s h a p e .   The  p l a t e a u s   a l o n g  

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

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

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



of  FIG.   7 ( a )   d e l a y s   and  r i s e s   in   a  s i n u s o i d a l   m a n n e r  

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

a d d e d   to  t h e   c i r c u i t   a r r a n g e m e n t   40  a d j u s t s   t h e  

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

C1B  and  p r o v i d e s   f o r   t h e   p l a t e a u   w a v e s h a p e   of  F I G .  

7 ( h ) .  

The  v a l u e   of  t h e   r e s i s t i v e   e l e m e n t   a d d e d   to   t h e  

c i r c u i t   a r r a n g e m e n t   40  of  F IG .   5  may  be  s e l e c t e d   so  a s  

to   a d j u s t   or  a d a p t   t h e   d i s c h a r g e   t i m e   c o n s t a n t   of  t h e  

c a p a c i t o r   CIA  or  C1B  i n t o   t h e   g a s   d i s c h a r g e   t u b e   o f  

F IG.   5.  The  d i s c h a r g e   t i m e   c o n s t a n t   may  be  s e l e c t e d   s o  

as  to   p r e f e r e n t i a l l y   a d a p t   t h e   c i r c u i t   a r r a n g e m e n t   1 0  

to   t h e   n e e d s   of  t h e   gas   d i s c h a r g e   t u b e   of  FIG.   5.  F o r  

t h e   w a v e s h a p e   shown  in  FIG.   7  t h e   r e s i s t i v e   e l e m e n t   w a s  

s e l e c t e d   to   h a v e   a  v a l u e   of  1 5 0 0  Ω   and  t h e   c a p a c i t o r s -  

C1A  and  C1B  h a d  a   v a l u e   of  10  u F .  

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

b e e n   d e s c r i b e d   w i t h   r e f e r e n c e   t o   c i r c u i t   a r r a n g e m e n t   4 0  

of  FIG.   5,  i t   s h o u l d   be  r e c o g n i z e d   t h a t   t h e   r e s i s t i v e  

e l e m e n t   may  a l s o   be  a d d e d   to   t h e   c i r c u i t   a r r a n g e m e n t   1 0  

of  FIG.   2  in  a  m a n n e r   as  d e s c r i b e d   f o r   FIG.   5 .  

I t  s h o u l d   now  be  a p p r e c i a t e d   t h a t   t h e   v a r i o u s  

e m b o d i m e n t s   of  t h e   p r e s e n t   i n v e n t i o n   p r o v i d e   T i m e d  

P u l s e   A d d i t i o n s   (TPA)  to   o c c u r   d u r i n g   v a r i o u s   p o r t i o n s  

by  t h e   a p p l i e d   A.C.   v o l t a g e   so  as  to   c o n t i n u o u s l y  

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

d u r i n g   i t s   s t e a d y - s t a t e   mode  of  o p e r a t i o n .  

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

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

r e c t i f i e d   A.C.   v o l t a g e   a p p l i e d   to   i t s   i n p u t .   T h e  

b a l l a s t   c i r c u i t   r e s p o n s i v e   to   a  r e c t i f i e d   A.C.   i s   b e s t  

d e s c r i b e d   by  f i r s t   r e f e r r i n g   to   F IG.   8 .  

FIG.   8  shows   an  A.C.   l i n e   a p p l i e d   a c r o s s   a  

c o n v e n t i o n a l   f u l l - w a v e   r e c t i f i e r   f o r m e d   of  d i o d e s   D 1 0 ,  

D l l ,   D12  and  D13  a r r a n g e d   as  shown  in  FIG.   8.  FIG.   8 



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

m e a n s   53,   a  l o c a t i o n   A  a t   t h e   i n p u t   to   a  s w i t c h i n g  

m e a n s   54  and  l o c a t i o n s   B  and  C  o p p o s i t e l y   l o c a t e d  

a c r o s s   t h e   g a s   d i s c h a r g e   t u b e .   The  f u l l - w a v e   r e c t i f i e r  

d e v e l o p s   an  u n d u l a t i n g   D .C .   v o l t a g e   VDC  w h i c h   i s  

a p p l i e d   to   t h e   FILAMENT  and  GAS  DISCHARGE  TUBE  u n d e r  

c o n t r o l   of  t h e   c l o s e d   s t a t e   of  s w i t c h i n g   m e a n s   S3  w h i l e  

s w i t c h i n g   m e a n s   S4  i s   in   i t s   open   s t a t e .   The  s t a t e s   o f  

s w i t c h i n g   m e a n s   S4  c o n t r o l s   t h e   c o u p l i n g   of  t h e  

c a p a c i t o r   C2  i n t o   and  o u t   of  t h e   c i r c u i t   of  FIG.   8 .  

The  c i r c u i t   of  F IG.   8  o p e r a t e s   in   a  s i m i l a r   m a n n e r  

as  t h a t   of  F IG .   3  in   t h a t   t h e   c h a r g i n g   and  d i s c h a r g i n g  

of  c a p a c i t o r   C2  i s   a c c o m p l i s h e d   so  t h a t   T i m e d   P u l s e  

A d d i t i o n s   (TPA)  a r e   s u p p l i e d   to   t h e   g a s   d i s c h a r g e   t u b e  

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

t h e   g a s   d i s c h a r g e   t u b e   may  e x t i n g u i s h   due   t o   t h e   z e r o  

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

v o l t a g e   VDC.  The  z e r o   v o l t a g e   c o n d i t i o n s   r e l a t e d   t o  

t h e   d e v e l o p e d   D . C .   v o l t a g e   VDC  and  t h e   g e n e r a l  

i n t e r r e l a t i o n s h i p s   of  t h e   c i r c u i t   of  F IG .   8  may  be  b e s t  

d e s c r i b e d   by  r e f e r e n c e   to   FIG.   9  a l o n g   w i t h   r e f e r e n c e  

to   t h e   c i r c u i t   of  F IG .   8 .  

FIG.   9  i s   s e g m e n t e d   i n t o   f i v e   (5)   s e c t i o n s ,   ( 1 )  

F IG .   9 ( a )   s h o w i n g   t h e   D .C.   v o l t a g e   VDC  of  F IG .   8,  ( 2 )  

F IG .   9 ( b )   s h o w i n g   t h e   w a v e f o r m   of  v o l t a g e   VBC  of  F I G .  

8  a p p l i e d   a c r o s s   t h e   gas   d i s c h a r g e   t u b e ,   (3)   FIG.   9 ( c )  

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

t h r o u g h   t h e   g a s   d i s c h a r g e   t u b e ,   (4)   F I G .   9 ( d )   s h o w i n g  

t h e   c l o s e d   ( c o n d u c t i v e )   and  o p e n   ( n o n - c o n d u c t i v e )  

s t a t e s   of   s w i t c h i n g   m e a n s   S3,   and  (5)  F IG .   9 ( e )   s h o w i n g  

t h e   c l o s e d   ( c o n d u c t i v e )   and  open   ( n o n - c o n d u c t i v e )  

s t a t e s   of  s w i t c h i n g   m e a n s   of  s w i t c h i n g   m e a n s   S 4 .  

I n i t i a l l y   s w i t c h i n g   m e a n s   S3  and  S4  a r e   b o t h   i n  

t h e i r   c l o s e d   s t a t e   so  t h a t   c a p a c i t o r   C2  i s   c h a r g e d   t o  

t h e   p e a k   v a l u e   of  t h e   f i r s t   c y c l e   of  t h e   VDC  s i g n a l  



of  FIG.   9 ( a )   and  t h e   VDC  s i g n a l   i s   a l s o   a p p l i e d   t o  

t h e   gas   d i s c h a r g e   t u b e .   S w i t c h i n g   means   S4  i s   o p e n e d  

as  s c o n   as  t h e   c u r r e n t   c h a r g i n g   t h e   c a p a c i t o r   C2 

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

of  C2  f o r   use   on  t h e   n e x t   c y c l e   of  VDC  of  FIG.   9 ( a ) .  

The  c u r r e n t   f l o w i n g   t h r o u g h   s w i t c h i n g   means   S 3  

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

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

At  t h e   end  of  t h e   c y c l e ,   of  VDC  of  FIG.   9 ( a ) ,  

s w i t c h i n g   m e a n s   S3  i s   o p e n e d   and  c o n c u r r e n t l y   s w i t c h i n g  

means   S4  i s   c l o s e d ,   w h i c h ,   in  t u r n ,   c a u s e s   t h e  

f u l l - p e a k   v o l t a g e   on  t h e   c a p a c i t o r   C2  to  be  r e l a t i v e l y  

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

to   m a i n t a i n   i t s   a r c   c o n d i t i o n .   At  t h i s   j u n c t u r e ,   t h e  

p o s i t i v e - g o i n g   v o l t a g e   VDC  a t   p o i n t   D  of  FIG.   7  i s  

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

As  s o o n   as  t h e   v o l t a g e   d i f f e r e n c e   b e t w e e n   p o i n t   D 

and  p o i n t   A  i s   a p p r o x i m a t e l y   z e r o ,   t h e   s w i t c h i n g   m e a n s  

S3  i s   c l o s e d .   At  t h i s   z e r o   d i f f e r e n c e   c o n d i t i o n   t h e  

v o l t a g e   of  VDC  has   r i s e n   to   a  v a l u e   c a p a b l e   o f  

m a i n t a i n i n g   t h e   a r c   c o n d i t i o n   of  t h e   gas   d i s c h a r g e  

t u b e .   The  v o l t a g e   VDC  c o n t i n u e s   to   r i s e   and  r e c h a r g e  

t h e   c a p a c i t o r   C2.  A  c i r c u i t   a r r a n g e m e n t   50  w h i c h  

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

d i a g r a m   of  FIG.   7  i s   shown  in  F IG .   1 0 .  

F IG.   10  shows   t h e   c i r c u i t   a r r a n g e m e n t   50  as  h a v i n g  

an  A .C.   v o l t a g e   a p p l i e d   a c r o s s   t h e   f u l l - w a v e   r e c t i f i e r  

52  f o r m e d   of  d i o d e s   D10,   D l l ,   D12 ,   and  D13  p r e v i o u s l y  
d i s c u s s e d   w i t h   r e g a r d   to   FIG.   8.  F i g u r e   10  f u r t h e r  

shows   a  p l u r a l i t y   of  e l e m e n t s   of  t h e   t y p e   or  h a v i n g   t h e  

t y p i c a l   v a l u e s   g i v e n   in   T a b l e   3 .  



F I G .   10  f u r t h e r   s h o w s   c a p a c i t o r s   C4  and  C5  w h o s e  

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

of  t h e   c i r c u i t   a r r a n g e m e n t   5 0 .  

F I G .   10  shows   t h e   o u t p u t   VDC  of  t h e   D . C .  

r e c t i f i e r   52  a p p l i e d   a c r o s s   a  s e r i a l   a r r a n g e m e n t   o f  

r e s i s t o r s   R7  and  R8.  A  node   f o r m e d   f rom  one  end  o f  

e a c h   of   t h e   r e s i s t o r s   R7  and  R8  i s   c o n n e c t e d   to   t h e  

b a s e   of   t r a n s i s t o r   Q5.  The  o t h e r   end  of  r e s i s t o r   R8  i s  

c o n n e c t e d   t o   t h e   a n o d e   of  a  f o r w a r d   c o n d u c t i n g   d i o d e   D9 

h a v i n g   i t s   c a t h o d e   c o n n e c t e d   t o   one   end  of  r e s i s t o r  

R9.  The  o t h e r   end  of  r e s i s t o r   R7  i s   c o n n e c t e d   to   t h e  

e m i t t e r   of  t r a n s i s t o r   Q5  w h i c h   h a s   i t s   c o l l e c t o r  

c o n n e c t e d   to   a  node   f o r m e d   f r o m   one  end  of  e a c h   of  a  

r e s i s t o r   R6  and  a  r e s i s t o r   RIO.   The  o t h e r   end  o f  

r e s i s t o r   R10  i s   c o n n e c t e d   to   (1)   t h e   o t h e r   end  o f  

r e s i s t o r   R9,  and  to   (2)  t h e   g a t e   of  s w i t c h i n g   means   S 5 .  



The  o t h e r   end  of  r e s i s t o r   R6  is   c o n n e c t e d   t o ,   ( 1 )  

t h e   a n o d e   of  s w i t c h i n g   means   S5,   (2)  t h e   c a t h o d e   o f  

d i o d e   D8,  (3)  and  to  one  end  of  c a p a c i t o r   C4  h a v i n g   i t s  

o t h e r   end  c o n n e c t e d   to  one  end  of  c a p a c i t o r   C5  and  t o  

t h e   e m i t t e r   of   t r a n s i s t o r   Q5.  The  s w i t c h i n g   means   S5  

has   i t s   c a t h o d e   c o n n e c t e d   to   t h e   a n o d e   of  d i o d e   D 8 .  

The  s w i t c h i n g   m e a n s   S5,  c o n n e c t e d   to   d i o d e   D8,  i s  

s i m i l a r   to   t h a t   shown  in  t h e   n e t w o r k   30A  and  30B  i n  

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

t e r m i n a l   ( g a t e )   c o n n e c t e d   to   a  b i a s   n e t w o r k ,   a  s e c o n d  

t e r m i n a l   ( c a t h o d e )   c o n n e c t e d   to   t h e   t e r m i n a l   of  t h e  

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

s t o r a g e   c a p a c i t o r   means   C 4 .  

The  d i o d e   D8  a l o n g   w i t h   c a p a c i t o r  C 4   i s   a r r a n g e d  

in  a  p a r a l l e l   m a n n e r   a c r o s s   c a p a c i t o r   C5,  w h i c h ,   i n  

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

a r r a n g e d   f i l a m e n t   and  gas  d i s c h a r g e   t u b e .   The  g a s  

d i s c h a r g e   t u b e   h a s   a  s t a r t i n g   c i r c u i t   11  ( n o t   shown  i n  

FIG.   9)  b u t   p r e v i o u s l y   r e f e r r e d   t o   w i t h   r e g a r d   to   F I G .  

2 .  

The  c i r c u i t   a r r a n g e m e n t   50  h a s   c a p a c i t o r   C4  and  C5 

e a c h   h a v i n g   v a r i o u s   v a l u e s   f r o m   0  to   a p p r o x i m a t e l y   5 0  

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

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

50.   One  of  t h e   d e s i r e d   o p e r a t i o n s   may  be  d e s c r i b e d   b y  

r e f e r r i n g   to   F IG .   11  a l o n g   w i t h   F I G .   10  w i t h   t h e  

a s s u m p t i o n   t h a t   C5  has   a  v a l u e   of   z e r o   and  C4  has   a  

v a l u e   of  a p p r o x i m a t e l y   2  m i c r o f a r a d s .  

FIG.   11  i s   s e g m e n t e d   i n t o   f i v e   (5)  s e c t i o n s :   ( 1 )  

F IG.   l l ( a )   s h o w i n g   t h e   w a v e f o r m   of   t h e   a p p l i e d   v o l t a g e  

VDC;  (2)  F IG.   l l ( b )   s h o w i n g   t h e   l a m p   v o l t a g e   of  t h e  

g a s   d i s c h a r g e   t u b e ;   (3)  FIG.   l l ( c )   s h o w i n g   t h e   l i n e  

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

t u b e ;   (4)  F IG .   l l ( d )   s h o w i n g   t h e   open   ( n o n - c o n d u c t i v e )  

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



S3;   and  (5)  FIG.   l l ( e )   s h o w i n g   t he   o p e n  

( n o n - c o n d u c t i v e )   and  c l o s e d   ( c o n d u c t i v e )   s t a t e s   of  t h e  

t r a n s i s t o r   Q 5 .  

I n i t i a l l y   c a p a c i t o r   C4  i s   c h a r g e d   to   t h e   p e a k  

v a l u e s   of   VDC  of  F IG.   l l ( a )   v i a   t h e   p a t h   f o r m e d   f r o m  

d i o d e s   D8  and  D9.  D u r i n g   t h i s   c o n d i t i o n ,   t h e   f u l l - w a v e  

r e c t i f i e d   v o l t a g e   VDC  of   F IG .   l l ( a )   a t   p o i n t   D  ( F I G .  

10)  c a u s e s   t h e   c o n d u c t i o n   of  Q5  v i a ,   t h e   p a t h   o f  

r e s i s t o r   R8  and  i s   s h o w n   in   t h i s   c o n d u c t i v e   s t a t e   i n  

F I G .   l l ( e )   as  Q5  in  i t s   c l o s e d   s t a t e .   S i m i l a r l y ,   d u r i n g  

t h i s   c o n d i t i o n   s w i t c h i n g   m e a n s   S5  i s   i n h i b i t e d   f r o m  

c o n d u c t i o n   v i a   t h e   c o n d u c t i n g   s t a t e   of  Q5  and  i s   s h o w n  

in  t h i s   i n h i b i t e d   s t a t e   in   FIG.   l l ( d )   in  S5  o p e n  

s t a t e .   When  t h e   VDC  v o l t a g e   of  FIG.   l l ( a )   f a l l s  

t o w a r d s   i t s   low  p o r t i o n ,   i t   r e a c h e s   a  v a l u e ,   shown   a s  -  

an  e v e n t   54  r e l a t e d   t o   F I G S .   l l ( a ) ,   11  (d)   and   l l ( e ) ,  

so  t h a t   Q5  i s   i n h i b i t e d   f r o m   c o n d u c t i o n   w h i c h   i s   s h o w n  

in  F IG .   l l ( e )   a s - Q 5   t r a n s i t i o n i n g   f rom  i t s   c l o s e d   t o  

i t s   o p e n   s t a t e .   The  o p e n   s t a t e   of  Q5  c a u s e s   t h e  

v o l t a g e   a p p l i e d   to   t h e   c o l l e c t o r   of  Q5  to   r i s e ,   w h i c h ,  

in  t u r n ,   a l l o w s   t h e   g a t e   of  s w i t c h i n g   m e a n s   S5  to   b e  

t r i g g e r e d   t h r o u g h   t h e   p a t h   p r o v i d e d   by  R6  and  R 1 0 ,  

t h e r e b y   r e n d e r i n g   S5  c o n d u c t i v e   as  shown  in  F I G .   l l ( d )  

by  S5  t r a n s i t i o n i n g   f r o m   i t s   open   to   i t s  c l o s e d   s t a t e .  

The  c o n d u c t i o n   of  S5  c a u s e s   t h e   i n i t i a l l y   c h a r g e d  

c a p a c i t o r   C4  to   be  e f f e c t i v e l y   c o n n e c t e d   to   p o i n t   A  o f  

F I G .   9 .  

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

t h e   VDC  v o l t a g e   of  F I G .   9 ( a )   a t   p o i n t   D  so  t h a t   d i o d e  

D9  i s   b a c k   b i a s e d   a l l o w i n g   t h e   e n e r g y   s t o r e d   i n  

c a p a c i t o r   C4  to   d i s c h a r g e   t h r o u g h   t h e   g a s   d i s c h a r g e  

t u b e .   The  d i s c h a r g e   of  c a p a c i t o r   C4  i s   m a n i f e s t e d   b y  

t h e   s u d d e n   r i s i n g   s p i k e s   shown  in  b o t h   F I G S .   l l ( b )   a n d  

l l ( c )   r e l a t e d   to   t h e   b o t t o m   p o r t i o n   of  VDC  of  F I G .  

l l ( a ) .   As  t h e   d i s c h a r g e   v o l t a g e   of  C4  s t a r t s   i t s  



d e c a y ,   t h e   v o l t a g e   of  VDC  at   p o i n t   D  s t a r t s   i t s  

r i s e .   S u b s e q u e n t l y ,   when  t he   v o l t a g e   a t   p o i n t   D 

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

D9  and  b e g i n s   to   o p e r a t e   t he   g a s   d i s c h a r g e   t u b e   f o r   t h e  

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

e v e n t   54.  D u r i n g   t h i s   t i m e   c a p a c i t o r   C4  r e c h a r g e s   t o  

t h e   l i n e   p e a k .   The  s w i t c h i n g   m e a n s   S5  i s   a u t o m a t i c a l l y  

r e n d e r e d   n o n - c o n d u c t i v e   when  t h e   c u r r e n t   f l o w i n g  

t h r o u g h   i t   f a l l s   to   z e r o ,   shown  by  e v e n t   5 6 ,  

c o r r e s p o n d i n g l y   c a u s i n g   S5  to   t r a n s i t i o n   f r o m   i t s  

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

t h e   r e c h a r g e   c u r r e n t   f o r   C4  f l o w s   t h r o u g h   d i o d e   D 8 .  

The  o p e r a t i o n   of  t h e   c i r c u i t   a r r a n g e m e n t   50  i s  

s i m i l a r   to   t h e   c i r c u i t   a r r a n g e m e n t   10  and  40  of  F IGS .   2 

and  5,  r e s p e c t i v e l y ,   in   t h a t   c i r c u i t   a r r a n g e m e n t   5 0  

p r o v i d e s   T imed   P u l s e   A d d i t i o n s   (TPA)  to   t h e   g a s  

d i s c h a r g e   t u b e   when  t h e   a p p l i e d   v o l t a g e   VDC 

a p p r o a c h e s   a  z e r o   c o n d i t i o n   so  as  to   c o n t i n u o u s l y  

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

d u r i n g   i t s   s t e a d y - s t a t e   mode  of  o p e r a t i o n .  

A  f u r t h e r   e m b o d i m e n t   of  t h e   p r e s e n t   i n v e n t i o n   of  a  

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

r e c t i f i e d   A.C.   v o l t a g e   a p p l i e d   to   i t s   i n p u t s   i s   s h o w n  

in  FIG.   1 2 .  

FIG.   12  shows   a  c i r c u i t   a r r a n g e m e n t   60  c o m p r i s i n g  

t h e   f u l l - w a v e   r e c t i f i e r   52,   t h e   f i l a m e n t   and  t h e   g a s  

d i s c h a r g e   t u b e   a l l   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 .  

10.   The  c i r c u i t   a r r a n g e m e n t   60  f u r t h e r   c o m p r i s e s   a  

d i o d e   D14  of  a  1  amp,  400  PIV  s i l i c o n   t y p e ,   a  c a p a c i t o r  

C6  s i m i l a r   to   c a p a c i t o r   C4  d e s c r i b e d   f o r   F IG.   10  h a v i n g  

a  t y p i c a l   v a l u e   of  10  µ F ,  a   SIDAC  d e v i c e   QD  of  t h e  

t y p e   K1050E  of  T e c c o r   C o . ,   h a v i n g   an  i n h e r e n t  

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

a p p r o x i m a t e l y   105  v o l t s   and  a  p r e f e r r e d   r e s i s t o r   R l l  

i n t e r p o s e d   b e t w e e n   t h e   c a p a c i t o r   C6  and  d i s c h a r g e   t u b e  



f o r   a d j u s t i n g   t h e   d i s c h a r g e   t i m e   of  c a p a c i t o r   C6  in  a  

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

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

a r r a n g e m e n t s   10  or  4 0 .  

The  c i r c u i t   a r r a n g e m e n t   60  o p e r a t e s   in   a  m a n n e r  

s i m i l a r   to   c i r c u i t   a r r a n g e m e n t   50  and  m a y  b e   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 S .   l l ( a ) ,   1 1 ( b )   and  l l ( c ) .   In  t h e  

o p e r a t i o n   of  c i r c u i t   a r r a n g e m e n t   60,  i n i t i a l l y   t h e  

c a p a c i t o r   C6  i s   c h a r g e d   to   t h e   peak   v a l u e   of  VDC  F I G .  

l l ( a ) ,   h a v i n g   a  v a l u e   in   t h e   o r d e r   of  150  v o l t s ,   v i a  

t h e   p a t h   p r o v i d e d   by  d i o d e   D 1 4 .  

When  t h e   VDC  v o l t a g e   of  FIG.   l l ( a )   f a l l s   t o w a r d s  

i t s   low  p o r t i o n ,   t h e   v o l t a g e   a c r o s s   t h e   l amp   l l ( b )   a l s o  

f a l l s   and   when  t h e   v o l t a g e   a c r o s s   t h e   l amp  1 1 ( b )  

r e a c h e s   a  t y p i c a l   v a l u e   of  45  v o l t s   a  v o l t a g e  

d i f f e r e n c e   of  a p p r o x i m a t e l y   105  v o l t s   e x i s t s   a c r o s s   t h e  

SIDAC  QD.  T h i s   105  v o l t s   i s   e s t a b l i s h e d   by  one  s i d e  

of  t h e   SIDAC  QD  b e i n g   c o n n e c t e d   to   t h e   c h a r g e d   ( 1 5 0  

v o l t s )   c a p a c i t o r   C6  and  t h e   o t h e r   s i d e   c o n n e c t e d ,   v i a  

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

of  45  v o l t s .   For  t h i s   105  v o l t   c o n d i t i o n   t h e   S IDAC 

QD  b r e a k s   down  or  t u r n s   on  c a u s i n g   t h e   e n e r g y   ( t i m e d  

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

t u b e   so  as  to   c o n t i n u o u s l y   m a i n t a i n   t h e   a r c   c o n d i t i o n  

of  t h e   g a s   d i s c h a r g e   t u b e   d u r i n g   i t s   s t e a d y - s t a t e   m o d e  

of  o p e r a t i o n .  

A n o t h e r   e m b o d i m e n t   of  t h e   p r e s e n t   i n v e n t i o n   of  a  

b a l l a s t   c i r c u i t   t h a t   o p e r a t e s   in   r e s p o n s e   t o   a  r e c t i -  

f i e d   A .C .   v o l t a g e   a p p l i e d   to   i t s   i n p u t s   i s   shown  i n  

F I G .   1 3 .  

F IG .   13  shows   a  c i r c u i t   a r r a n g e m e n t   70  s i m i l a r   t o  

t h e   c i r c u i t   a r r a n g e m e n t   60  of  FIG.  12  b u t   h a v i n g   a  

s i l i c o n - c o n t r o l l e d   r e c t i f i e r   (SCR)  S6  and  s e r i a l l y  

a r r a n g e d   r e s i s t o r s   R12  and  R13  c o n n e c t e d   a c r o s s   d i o d e  

D14  a l l   in  p l a c e   of  t h e   SIDAC  QD  of  F IG.   12 .   T h e  



s i l i c o n - c o n t r o l l e d   r e c t i f i e r   S6  has   a  b r e a k d o w n   v o l t a c e  

d e t e r m i n e d   by  t he   s e c o n d   b i a s   n e t w o r k   f o r m e d   by  t h e  

a r r a n g e d   r e s i s t o r s   R12  and  R13.   The  node   of  t h e  

r e s i s t o r s   R12  and  R13  i s   c o n n e c t e d   to   t h e   g a t e  

e l e c t r o d e   of  d e v i c e   S6 ,   w h e r e a s ,   t h e   a n o d e   of  d e v i c e   S6 

i s   c o n n e c t e d   t o  c a p a c i t o r   C6  and  t h e   c a t h o d e   of  d e v i c e  

S6  i s   c o n n e c t e d   to   t h e   o u t p u t   s t a g e   v i a   r e s i s t o r   R l l .  

The  r e s i s t o r   R12  h a s   a  t y p i c a l   v a l u e   of  1 0 0 0  ,  

r e s i s t o r   R13  has   a  t y p i c a l   v a l u e   of  130  K  and  t h e  

s i l i c o n - c o n t r o l l e d   r e c t i f i e r   S6  may  be  of  t h e   t y p e  

2N5064  of  T e c c o r   C o .  

The  c i r c u i t   a r r a n g e m e n t   70  o p e r a t e s   in  a  m a n n e r  

s i m i l a r   to   t h a t   d e s c r i b e d   f o r   c i r c u i t   a r r a n g e m e n t   6 0 .  

The  SCR  d e v i c e   S6  of  c i r c u i t   a r r a n g e m e n t   70  i s   r e n d e r e d  

c o n d u c t i v e ,   a t   t h e   p r e v i o u s l y   d i s c u s s e d   105  v o l t  

c o n d i t i o n   of  t h e   SIDAC  QD'  c a u s i n g   t h e   d i s c h a r g e   o f  

t h e   s t o r e d   e n e r g y   of  t h e   c a p a c i t o r   C6  i n t o   t h e   g a s  

d i s c h a r g e   so  as  to   c o n t i n u o u s l y   m a i n t a i n   t h e   a r c  

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

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

S6  i s   r e n d e r e d   c o n d u c t i v e   a t   t h i s   105  v o l t   c o n d i t i o n   b y  

t h e   s e l e c t i o n s   of  r e s i s t a n c e   v a l u e s   of  R12  and  R13  a n d  

t h e   s e l e c t i o n   of  t h e   t y p e   of  t h e   SCR  as  a l l   p r e v i o u s l y  

g i v e n   w i t h   r e g a r d   to   F IG .   1 3 .  

A  s t i l l   f u r t h e r   e m b o d i m e n t   of  t h e   p r e s e n t  

i n v e n t i o n   i s   shown  in  F IG.   14  as  a  c i r c u i t   a r r a n g e m e n t  

80.   C i r c u i t   a r r a n g e m e n t   80  i s   s i m i l a r   to   t h e  

p r e v i o u s l y   d e s c r i b e d   c i r c u i t   a r r a n g e m e n t s   60  and  7 0  

w i t h   t h e   e x c e p t i o n   t h a t   t h e   d i s c h a r g e   p a t h   of   t h e  

s t o r e d   e n e r g y   of  c a p a c i t o r   C6  to   t h e   gas   d i s c h a r g e   t u b e  

i s   p r o v i d e d   by  a  s e c o n d   f i l a m e n t   FILAMENT  2 .  

FILAMENT  2  i s   p a r t i c u l a r l y   a d v a n t a g e o u s   in  t h e  

c i r c u i t   a r r a n g e m e n t   80  in  t h a t ,   (1)  i t   can   p r o v i d e  

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

i m p r o v e d   l i g h t i n g   u n i t   10  of  FIG.   1,  (2)  i t s   r e s i s t a n c e  



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

e n v i r o n m e n t   ( i m p r o v e d   l i g h t i n g   u n i t   10)  in  w h i c h   i t   i s  

l o d g e d .   The  r e s i s t a n c e   v a l u e   of  FILAMENT  2  i n c r e a s e s  

due   to  s e l f - h e a t i n g   f r o m   t h e   c u r r e n t   p a s s i n g   t h r u   i t ,  

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

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

p a r t i c u l a r l y   s u i t a b l e   f o r   t h e   i m p r o v e d   l i g h t i n g   u n i t   1 0 .  

D u r i n g   t h e   i n i t i a l   s t a r t i n g   of  t h e   g a s   d i s c h a r g e  

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

a t   t h e   l o w e r   end   of  i t s   o p e r a t i n g   t e m p e r a t u r e   r a n g e   s o  

t h a t   t h e   FILAMENT  2  i s   a t   i t s   l o w e r   end  of  i t s  

r e s i s t a n c e   v a l u e   r a n g e .   The  FILAMENT  2  d u r i n g   t h i s  

l o w e r   t e m p e r a t u r e   c o n d i t i o n   p r o v i d e s   a  low  r e s i s t a n c e  

d i s c h a r g e   p a t h   of  t h e   s t o r e d   e n e r g y   of  c a p a c i t o r   C6 

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

of  t h e   gas   d i s c h a r g e   t u b e .   F u r t h e r ,   as   t h e   t e m p e r a t u r e  

of   t h e   i m p r o v e d   l i g h t i n g   u n i t   10  i n c r e a s e s   due  to   h e a t  

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

v a l u e   of  t h e   FILAMENT  2  a l s o   i n c r e a s e s ,   w h i c h ,   in  t u r n ,  

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

c a p a c i t o r   C6,  w h i c h ,   in  t u r n ,   r e d u c e s   t h e   s t o r e d   e n e r g y  

d i s c h a r g e d   i n t o   t h e   o p e r a t i n g   gas   d i s c h a r g e   t u b e .  

The  r e s i s t a n c e   of  FILAMENT  2  may  be  a d a p t e d   to   t h e  

e n v i r o n m e n t   of   t h e   l i g h t i n g   u n i t   10  t o   i m p r o v e   t h e  

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

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

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

of  t h e   FILAMENT  2 .  

The  r e s i s t a n c e   of  FILAMENT  2  may  be  f u r t h e r  

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

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

i m p r o v e d   l i g h t i n g   u n i t   10.   The  FILAMENT  2  may  b e  

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

p r o x i m i t y   to   t h e   g a s   d i s c h a r g e   t u b e ,   shown  in  F IG.   1  a s  

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



62,   so  t h a t   i t   p r o v i d e s   a  low  r e s i s t a n c e   d i s c h a r g e   p a t h  

f o r   c a p a c i t o r   C6  d u r i n g   t h e   i n i t i a l   s t a r t i n g   of  t h e   g a s  

d i s c h a r g e   t u b e   bu t   i t s   r e s i s t a n c e   d i s c h a r g e   p a t h   i s  

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

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

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

of  FILAMENT  2  may  be  f u r t h e r   a d j u s t e d   to   c o n t r o l   t h e  

d i s c h a r g e   r a t e   of  c a p a c i t o r   C6  in  a  m a n n e r   s i m i l a r   t o  

t h a t   d e s i r e d   f o r   t h e   a d d e d   r e s i s t a n t   e l e m e n t   of  F I G S .  

2,  5,  10 ,   12  and  13.   I t   s h o u l d   be  a p p r e c i a t e d   t h a t   t h e  

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

of  FILAMENT  2  to  p o i n t   A  in   F IGS .   12,   13,   and  1 4 ,  

a p p l i e s   as  w e l l   to   an  a l t e r n a t i v e   c o n n e c t i o n   o f  

FILAMENT  2  to  p o i n t   B .  

I t   s h o u l d   now  be  a p p r e c i a t e d   t h a t   t h e   p r e s e n t  

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

d i r e c t   A.C.   and  r e c t i f i e d   A .C.   a p p l i e d   v o l t a g e s .   T h e  

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

T i m e d   P u l s e   A d d i t i o n s   to   t h e   gas   d i s c h a r g e   t u b e   in  t h e  

a m o u n t   n e c e s s a r y   to   m a i n t a i n   t h e   a r c   c o n d i t i o n   of  t h e  

g a s   d i s c h a r g e   t u b e   in   i t s   s t e a d y - s t a t e   mode  o f  

o p e r a t i o n .   F u r t h e r ,   t h e   b a l l a s t   c i r c u i t s   of  t h e  

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

n e e d s   of  t h e   gas   d i s c h a r g e   t u b e .  

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

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

g l o w   and  s t e a d y - s t a t e   mode ,   i t   s h o u l d   be  a p p r e c i a t e d  

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

u s e   of  t h e   d e s c r i b e d   v a r i o u s   e m b o d i m e n t s   w i t h   o t h e r  

d e v i c e s   s u c h   as  (1)  a  r e l a t i v e l y   h i g h   p r e s s u r e   s o d i u m  

v a p o r   lamp  s u c h   as  t h e   c o m m o n l y   known  L U C A L O X ®  l a m p  

t y p e   of  t h e   G e n e r a l   E l e c t r i c   C o m p a n y ,   and  (2)  f l u o r -  

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



1.  A  l i g h t i n g   u n i t   ( 6 0 )   c o m p r i s i n g   a  g a s   d i s c h a r g e   t u b e  

as  a  main   l i g h t   s o u r c e ,   a  f i l a m e n t   s e r v i n g   as   a  r e s i s t i v e  

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

c i r c u i t   ( 1 0 ,   40 ,   50 ,   60,   70 ,   80)   i n c l u d i n g   means   a d a p t e d  

to   a c c e p t   an  a p p l i e d   v o l t a g e   a c r o s s   a  f i r s t   ( 6 1 )   and  a  

s e c o n d   ( 6 2 )   i n p u t   t e r m i n a l ,   t h e   b a l l a s t   c i r c u i t   h a v i n g  

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

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

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

c i r c u i t ,   and   c h a r a c t e r i s e d   i n  t h a t   t h e   b a l l a s t   c i r c u i t  

f u r t h e r   c o m p r i s e s :  

a  c a p a c i t i v e   e n e r g y   s t o r a g e   m e a n s   (C1A,  C1B,  C 4 )  

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

p o r t i o n   of   t h e   s a i d   a p p l i e d   v o l t a g e   and  h a v i n g   one  e n d  

c o n n e c t e d   to   one   o f   t h e   s a i d   i n p u t   t e r m i n a l s   ( L l ,   L 2 ) ,  

s w i t c h i n g   m e a n s   (12A,   12p;   55)  c o n n e c t e d   to  t h e  

o t h e r   end  o f   t h e   c a p a c i t i v e   e n e r g y   s t o r a g e   m e a n s ;   a n d  

b i a s   n e t w o r k   m e a n s   (D2,  S l ,   R2;  95,  R9,  R 1 0 )  

c o u p l e d   to   t h e   s w i t c h i n g   means   ( 1 2 a ,   1 2 b ;   55)  a n d  

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

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

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

m e a n s   i s   d i s c h a r g e d   i n t o   t h e   gas   d i s c h a r g e   t u b e .  

2.  A  l i g h t i n g   u n i t   a c c o r d i n g   to  c l a i m   1  w h e r e i n   t h e  

b i a s   n e t w o r k   m e a n s   i s   r e s p o n s i v e   to   a  p r e s e l e c t e d  

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

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

3.  A  l i g h t i n g   u n i t   a c c o r d i n g   to  c l a i m   1  w h e r e i n ;  

t h e   b a l l a s t   c i r c u i t   i s   a d a p t e d   to   a c c e p t   a n  

a l t e r n a t i n g   c u r r e n t   (AC)  a p p l i e d   v o l t a g e ;  



t h e   c a p a c i t i v e   e n e r g y   s t o r a g e   means   c o m p r i s e s   a  

f i r s t   c a p a c i t o r   (C lA)   and  a  s e c o n d   c a p a c i t o r   ( C D D ) ;  
t h e   s w i t c h i n g   means   c o m p r i s e s   f i r s t   and  s e c o n d  

c u r r e n t   c o n t r o l   d e v i c e s   (12A,   12B)  r e s p e c t i v e l y  

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

h a v i n g   a  f i r s t   ( 1 4 ) ,   a  s e c o n d   ( 1 6 )   and  a  t h i r d   t e r m i n a l  

( 1 8 ) ;  

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

n e t w o r k  ( D 2 A ,   S1A,  R2A) and  a s e c o n d   b i a s   n e t w o r k   ( D 2 B ,  

S1B,  R2B)  r e s p e c t i v e l y   c o n n e c t e d   to   t h e   f i r s t   t e r m i n a l  

(14A,   14B)  of   e a c h   of   t h e   f i r s t   and  s e c o n d   c u r r e n t  

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

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

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

s e c o n d   c u r r e n t   c o n t r o l   d e v i c e s   c o n d u c t i v e ;   a n d  

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

(12A,   12B)  e a c h   r e s p e c t i v e l y   h a v i n g   i t s   s e c o n d   t e r m i n a l  

(16A,   16B)  c o n n e c t e d   to   o p p o s i t e   t e r m i n a l s   of   t h e   s a i d  

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

c o n t r o l   d e v i c e s   h a s   i t s   t h i r d   t e r m i n a l  ( 1 8 A ,   1 8 B )  

r e s p e c t i v e l y   c o n n e c t e d   to  t h e   f i r s t   (C1A)  and  s e c o n d  

(C1B)  c a p a c i t o r s   to  r e s p e c t i v e l y   d i s c h a r g e   t h e   c a p a c i t o r s  

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

c u r r e n t   c o n t r o l   d e v i c e s   (12A,   12B)  a r e   r e n d e r e d   c o n d u c t i v e .  

4.  A  l i g h t i n g   u n i t   a c c o r d i n g   to  c l a i m   1  w h e r e i n :  

t h e   c a p a c i t i v e   e n e r g y   s t o r a g e   means   c o m p r i s e s   a  

c a p a c i t o r   ( C 4 ) ;  

t h e   b a l l a s t   c i r c u i t   ( 5 0 )   i s   a d a p t e d   to  a c c e p t   a  

r e c t i f i e d   AC  a p p l i e d   v o l t a g e ;  

t h e   s w i t c h i n g   means   ( 5 5 )   c o m p r i s e s   a  c u r r e n t   c o n t r o l  

d e v i c e   c o n n e c t e d   to  t h e   c a p a c i t o r   (C4)  and  h a s   a  f i r s t ,  

a  s e c o n d ,   and  a  t h i r d   t e r m i n a l ;  

t h e   b i a s   n e t w o r k   m e a n s   (R9,   R10,  Q5)  i s   c o n n e c t e d  

to  t h e   f i r s t   t e r m i n a l   of  t h e   c u r r e n t   c o n t r o l   d e v i c e   ( S 5 )  

and  i s   r e s p o n s i v e   to   a  s e l e c t e d   p o r t i o n   of  t h e   a p p l i e d  



r e c t i f i e d   A C  v o l t a g e   to   r e n d e r   t h e   c u r r e n t   c o n t r o l   d e v i c e  

( S 5 )   c o n d u c t i v e ;   a n d  

t h e   c u r r e n t   c o n t r o l   d e v i c e   (S5)   h a s   i t s  s e c o n d  

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

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

c a p a c i t o r   (C4)   so  as  to   d i s c h a r g e   t h e   c a p a c i t o r   a c r o s s  

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

( S 5 )   i s   r e n d e r e d   c o n d u c t i v e .  

5.  A  l i g h t i n g   u n i t   a c c o r d i n g   to   c l a i m   1  w h e r e i n :  

t h e   b a l l a s t   c i r c u i t   ( 6 0 )   i s   a d a p t e d   t o ' a c c e p t   a  

r e c t i f i e d   AC  a p p l i e d   v o l t a g e ;  

t h e   c a p a c i t i v e   e n e r g y   s t o r a g e   m e a n s   c o m p r i s e s   a  

c a p a c i t o r   ( C 6 ) ;   a n d  

t h e   s w i t c h i n g   m e a n s   and  t h e   b i a s   n e t w o r k   c o m p r i s e  

a  s e m i c o n d u c t o r   d e v i c e   (QD)  h a v i n g   a  c h a r a c t e r i s t i c  

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

d e v i c e   (QD)  h a s   a  f i r s t   t e r m i n a l   c o n n e c t e d   to   t h e  

c a p a c i t o r   (C6)   and  a  s e c o n d   t e r m i n a l   c o n n e c t e d   to  o n e  

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

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

b r e a k d o w n   v o l t a g e .   \ 

6 .  A   l i g h t i n g   u n i t   a c c o r d i n g   to   c l a i m   1  w h e r e i n :  

t h e   b a l l a s t   c i r c u i t   ( 7 0 )   i s   a d a p t e d   to   a c c e p t  

a  r e c t i f i e d   AC  a p p l i e d   v o l t a g e ;  

t h e   c a p a c i t i v e   e n e r g y   s t o r a g e   means   c o m p r i s e s   a  

c a p a c i t o r   ( C 6 ) ;   a n d  

t h e   s w i t c h i n g   m e a n s   and  t h e   b i a s   n e t w o r k   c o m p r i s e s  

a  s e m i c o n d u c t o r   d e v i c e   ( S 6 )   h a v i n g   a  b r e a k d o w n   v o l t a g e  

d e t e r m i n e d   by  a  s e c o n d   b i a s   n e t w o r k   (R12,   R 1 3 ) ,   t h e  

s e m i c o n d u c t o r   d e v i c e   ( S 6 )   h a s   a  f i r s t   t e r m i n a l   c o n n e c t e d  

to   t h e   c a p a c i t o r   (C6)  and  a  s e c o n d   t e r m i n a l   c o n n e c t e d   t o  

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



c a p a c i t o r   ( C 6 )  a c r o s s   t h e   d i s c h a r g e   t u b e   when  t h e  

v o l t a g e   p r o v i d e d   by  t h e   s e c o n d   b i a s   n e t w o r k   (R12 ,   R 1 3 )  

e x c e e d s   t h e   b r e a k d o w n   v o l t a g e   of  t h e   s e m i c o n d u c t o r  

d e v i c e   ( S 6 ) .  

7.  A  l i g h t i n g   u n i t   a c c o r d i n g   to  c l a i m   1  w h e r e i n ;  

t h e   b a l l a s t   c i r c u i t   ( 8 0 )   i s   a d a p t e d   to  a c c e p t   a  

r e c t i f i e d   AC  a p p l i e d   v o l t a g e ;  

t h e   c a p a c i t i v e   e n e r g y   s t o r a g e   m e a n s   c o m p r i s e s   a  

c a p a c i t o r   ( C 6 ) ;   a n d  

t h e   s w i t c h i n g   m e a n s   and  t h e   b i a s   n e t w o r k   c o m p r i s e s  

a  s e c o n d   f i l a m e n t   (FILAMENT  2)  c o n n e c t i n g   t h e   c a p a c i t o r  

(C6)   to   t h e   g a s   d i s c h a r g e   t u b e   h a v i n g   p r e s e l e c t e d   p a r a m -  

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

t h e   gas   d i s c h a r g e   t u b e .  

8.  A  l i g h t i n g   u n i t   a c c o r d i n g   to  c l a i m   7  w h e r e i n :  

t h e   s e c o n d   f i l a m e n t   (FILAMENT  2)  i s   p o s i t i o n e d   i n  

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

9.  A  l i g h t i n g   u n i t   a c c o r d i n g   to  c l a i m   7  w h e r e i n :  

t h e   s e c o n d   f i l a m e n t   (FILAMENT  2)  h a s   p r e s e l e c t e d  

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

d e s i r e d   d i s c h a r g e   t i m e   f o r   t h e   c a p a c i t o r   ( C 6 ) .  

10 .   A  l i g h t i n g   u n i t   a c c o r d i n g   to  c l a i m   1  w h e r e i n   a  

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

e n e r g y   s t o r a g e   m e a n s   and  t h e   s w i t c h i n g  m e a n s ,   t h e  

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

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

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

11  A  l i g h t i n g   u n i t   a c c o r d i n g  t o   c l a i m   1  w h e r e i n   a  

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

e n e r g y   s t o r a g e   m e a n s   and  t h e   s w i t c h i n g   m e a n s ,   t h e   s e c o n d  



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

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

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

12 .   A  l i g h t i n g   u n i t   a c c o r d i n g   to   c l a i m   5  w h e r e i n   a  

r e s i s t i v e   e l e m e n t   i s   s e r i a l l y   a r r a n g e d   w i t h   t h e   c a p a c -  
i t o r   (C6)   and  t h e   s e m i c o n d u c t o r   d e v i c e   ( Q D ) , t h e  
r e s i s t i v e   e l e m e n t   h a v i n g   a  p r e d e t e r m i n e d   v a l u e   t o  

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

t h e   c a p a c i t o r   ( C 6 ) .  

13 .   A  l i g h t i n g   u n i t   a c c o r d i n g   to   c l a i m   5  w h e r e i n   a  

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

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

p r e s e l e c t e d   p a r a m e t e r s   to   e s t a b l i s h   a  p r e d e t e r m i n e d  

d e s i r e d   d i s c h a r g e   t i m e   f o r   t h e   c a p a c i t o r .  

14 .   A  l i g h t i n g   u n i t   a c c o r d i n g   to   c l a i m   6  w h e r e i n   a  

r e s i s t i v e   e l e m e n t   i s   s e r i a l l y   a r r a n g e d   w i t h   t h e  

c a p a c i t o r   (C6)   and  t h e   s e m i c o n d u c t o r   d e v i c e   ( S 6 ) ,   t h e  

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

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

t h e   c a p a c i t o r . ( C 6 ) .  

15 .   A  l i g h t i n g   u n i t   a c c o r d i n g   to   c l a i m   6  w h e r e i n   a  

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

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

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

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

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

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

b e i n g   a r r a n g e d   in  a  c i r c u i t   to  a c c e p t   a  b i a s   c u r r e n t  

f l o w i n g   i n t o   t h e   f i r s t   e l e c t r o d e   to   r e n d e r   t h e   s w i t c h i n g  



means   c o n d u c t i v e   such   t h a t   c u r r e n t   f l o w s   f rom  t h e   t h i r d  

e l e c t r o d e   to   t h e   s e c o n d   e l e c t r o d e ;  

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

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

m e a n s ,   a n d  

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

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

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

d i r e c t i o n   f r o m   t h e   s e c o n d   e l e c t r o d e   to  t h e   f i r s t   e l e c t r o d e  

and  e f f e c t i v e   to  r e n d e r   t h e   s w i t c h i n g   means   n o n - c o n d u c t i v e  

when  t h e   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 n t e r c o n n e c t i n g  

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

i n e d   v o l t a g e   d r o p   to  be  a t t a i n e d .  

17.   A  b a l l a s t   c i r c u i t   ( 1 0 ,   40 ,   50,   60,  70,  80)  f o r   u s e  

w i t h   a  l i g h t i n g   c i r c u i t   ( 6 0 )   o f  t h e   t y p e   h a v i n g   a  g a s  

d i s c h a r g e   t u b e   as   a  main   l i g h t   s o u r c e   and  a  f i l a m e n t  

s e r v i n g  a s   a  r e s i s t i v e   e l e m e n t   and  as  a  s u p p l e m e n t a r y  

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

to  a c c e p t   an  a p p l i e d   v o l t a g e   a c r o s s   a  f i r s t   ( L l )   and  a  

s e c o n d   (L2 )   i n p u t   t e r m i n a l ,   and   h a v i n g   an  o u t p u t   s t a t e  

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

t e r m i n a l s   a  s e r i a l   a r r a n g e m e n t   of  a  f i l a m e n t   a n d  a   g a s  

d i s c h a r g e   t u b e   w i t h   a  s t a r t i n g   c i r c u i t ,   c h a r a c t e r i s e d   i n  

t h a t   t h e   b a l l a s t   c i r c u i t   f u r t h e r   c o m p r i s e s :  .  

a  c a p a c i t i v e   e n e r g y   s t o r a g e   m e a n s ( C 1 A ,   C1B,  C 4 )  

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

p o r t i o n   of   t h e   s a i d   a p p l i e d   v o l t a g e   and  h a v i n g   one  e n d  

c o n n e c t e d   to   one  of  t he   s a i d   i n p u t   t e r m i n a l s   ( L l ,   L 2 ) ,  

s w i t c h i n g   means   (12A,   1 2 8 ;   55)   c o n n e c t e d   to   t h e  

o t h e r   end  of   t h e   c a p a c i t i v e   e n e r g y   s t o r a g e   m e a n s ;   a n d  

b i a s   n e t w o r k   means   (D2,  S l ,   R2)  c o u p l e d   to  t h e  

s w i t c h i n g   means   ( 1 2 a ,   1 2 b ; 5 5 )   and  r e s p o n s i v e - t o   a  

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



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

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

d i s c h a r g e d  i n t o   t h e   g a s   d i s c h a r g e   t u b e -  
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