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©  Electronic  starter  circuit  for  discharge  lamps. 
©  Starter  circuits  are  disclosed  for  a  fluorescent  discharge 
tube  (10)  of  the  type  having  a  pair  of  heater  cathodes 
between  which  the  discharge  is  struck  and  which  are 
connectable  to  the  mains  supply  (V,)  through  a  ballast 
inductor  (L).  The  starter  circuit  (20)  includes  a  thyristor  (SCR) 
that  conducts  current  through  the  ballast  inductor  and 
heaters  on  half-cycles  on  one  polarity.  A  gate  control  circuit 
(30)  includes  a  capacitor  (C,)  that  receives  a  controlled  (by  C2, 
Z,)  bias  voltage  increment  in  each  such  half-cycle  to 
eventually  terminate  triggering  of  the  thyristor  (SCR).  Prefer- 
ably  an  automatic  switching  arrangement  (C3,  Z2)  changes 
the  value  of  capacitance  to  give  a  lesser  rate  of  increment 
upon  a  certain  bias  level  being  reached  to  provide  a  two 
phase  start  operation  that  eventually  times  out.  Alternatively, 
the  maximum  bias  may  be  clamped  and  a  positive  tempera- 
ture  coefficient  resistor  (PTC)  carrying  the  heater  current 
terminates  the  second  phase  upon  heating  to  a  predeter- 
mined  resistance.  The  starter  circuit  (20)  also  includes  a 
non-linear  dielectric  element  (NLDE)  that  cooperates  with  the 
inductor  to  generate  striking  voltage  for  the  tube  and  that  is 
connected  in  an  ignition  circuit  including  a  capacitor  (CB) 
connected  to  the  thyristor  (SCR)  to  charge  and  maintain  the 
NLDE  quiescent  during  normal  operation  but  to  be  dis- 
charged  by  the  thyristor  (SCR)  during  starting  to  allow  the 
NLDE  to  achieve  saturation  and  coact  with  the  ballast 
inductor  (L). 
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T h i s   i n v e n t i o n   r e l a t e s   to  e l e c t r o n i c   s t a r t e r  

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

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

R e c e n t   y e a r s   have   s e e n   d e v e l o p m e n t s   i n  

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

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

c a t h o d e   at   each   end .   The  t u b e   i s   c o n n e c t e d   to   t he   a . c .  

ma ins   s u p p l y   s u c h   t h a t   on  s t a r t i n g   c u r r e n t   i s   d r a w n  

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

the   two  c a t h o d e   h e a t e r s   and  an  e l e c t r o n i c   s t a r t e r  

c i r c u i t   t h a t   is   c o n n e c t e d   b e t w e e n   t he   two  c a t h o d e   h e a t e r s .  

I t   is   g e n e r a l l y   d e s i r a b l e   to  p r o v i d e   a  f a s t   h e a t i n g   o f  

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

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

v o l t a g e s   a c r o s s   t h e   c a t h o d e s   to  c a u s e   the   d i s c h a r g e   t u b e  

to  s t r i k e .   T h e r e a f t e r ,   t he   s t a r t e r   c i r c u i t   s h o u l d  

become  e f f e c t i v e l y   i n o p e r a t i v e .  

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

is   d e s c r i b e d   in  p a t e n t   s p e c i f i c a t i o n   G.B.  1 2 2 3 7 3 3  

in  w h i c h   t h e   e l e c t r o n i c   s t a r t e r   c i r c u i t   u t i l i s e s   an  SCR 

as  the   c o n t r o l l e d   e l e m e n t   to  c o n t r o l   the   i n i t i a l   h e a t e r  

c u r r e n t ,   t he   t h y r i s t o r   b e i n g   r e n d e r e d   c o n d u c t i v e   i n  

h a l f - c y c l e s   of  one  p o l a r i t y .   When  the   t u b e   s t r i k e s ,   i t  

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

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

1264397   w h i c h   p r o v i d e s   t h e   a d d i t i o n a l   f a c i l i t y   o f  



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

i f   t h e   t u b e   has   n o t   s t r u c k .   T h i s   i s   done   by  i n c r e -  

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

in  e a c h   m a i n s   c y c l e   so  t h a t   t h e   t r i g g e r   p o i n t   i n  

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

l o n g e r   t r i g g e r s .  

A  f u r t h e r   d i s c u s s i o n   of  b o t h   t h e s e   c i r c u i t s  

may  be  f o u n d   in  p a t e n t   s p e c i f i c a t i o n   GB  1 6 0 2 4 5 6   w h i c h  

goes   on  to   d i s c l o s e   f u r t h e r   t h y r i s t o r   c o n t r o l   c i r c u i t s  

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

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

t h e   p o i n t   of  t r i g g e r i n g   i f   t h e   t u b e   d o e s   n o t   s t r i k e .  

S p e c i f i c a t i o n   GB  1 6 0 2 4 5 6   d i s c l o s e s   a  b i a s   t h a t  a d v a n c e s  

a t   an  e s s e n t i a l l y   f i x e d   r a t e   w i t h   t i m e ,   t h a t   i s   w i t h  

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

was  s w i t c h e d   o n .  

In  t h e s e   v a r i o u s   c i r c u i t s ,   t h e   v o l t a g e   r e q u i r e d  

to  s t r i k e   t he   t u b e   i s   g e n e r a t e d   w i t h   t h e   a i d   of  t h e  

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

when  t he   t h y r i s t o r   c u r r e n t   d r o p s   to   z e r o   and   t h e   t h y r i s t o r  

t u r n s   o f f .  

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

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

e l e m e n t s   (NLDEs)  b a s e d   on  p i e z o - e l e c t r i c   m a t e r i a l s .   S u c h  

an  e l e m e n t ,   a l s o   known  as  a  v o l t a g e   d e p e n d e n t   c a p a c i t o r ,  

has   t h e   p r o p e r t y   of   c h a r g i n g   l i k e   a  c a p a c i t o r   up  to   a  

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



f u r t h e r .   I f   such  an  e l e m e n t   i s   u s e d   in  c o n j u n c t i o n   w i t h  

an  i n d u c t o r ,   the   i n t e r r u p t i o n   upon  r e a c h i n g   s a t u r a t i o n  

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

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

wh ich   can  be  used   to  s t r i k e   t h e   t u b e .   V a r i o u s   c i r c u i t s  

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

EP  0048137B  and  EP  0 1 0 2 1 8 3 .  

One  a s p e c t   of  t h e   p r e s e n t   i n v e n t i o n   is  c o n c e r n -  

ed  w i t h   s t a r t e r   c i r c u i t s   in  w h i c h   an  i n c r e m e n t i n g   b i a s  

is  a p p l i e d   to  e v e n t u a l l y   t e r m i n a t e   t r i g g e r i n g   of  t h e  

s t a r t e r   i f   the   lamp  has  no t   s t r u c k .   A  p a r t i c u l a r   a s p e c t  

is   t he   p r o v i s i o n   of  means  to  p r o v i d e   a  t i m e   d e l a y   in  t h e  

o p e r a t i o n   of  t h e   c i r c u i t   on  a  f r e s h   m a i n s   c y c l e .  

I f   such   a  s t a r t e r   c i r c u i t   i s   to   be  a b l e   t o  

p r o v i d e   an  a d e q u a t e   i n t e r v a l   to   a l l o w   s t a r t i n g   u n d e r  

a d v e r s e   c o n d i t i o n s ,   t he   r a t e   at   wh ich   t h e   b i a s   i n c r e m e n t s  

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

done  u n d e r   n o r m a l   c o n d i t i o n s .   A n o t h e r   a s p e c t   of  t h e  

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

s t a r t i n g   p e r i o d   is   d i v i d e d   i n t o   two  i n t e r v a l s   h a v i n g  

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

h e r e i n a f t e r   in  t e r m s   of  wha t   a re   c a l l e d   d u a l   r a t e   or  d u a l  

s l o p e   c i r c u i t s .   The  d u a l   r a t e   or  s l o p e   may  a r i s e   f r o m  

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

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

e s s e n t i a l l y   a  f i x e d   b i a s   t h a t   i s   t i m e d   o u t   by  some  o t h e r  

means ,   such   as  t he   use   of  a  p o s i t i v e   t e m p e r a t u r e  



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

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

w i t h   t h e   use   of  NLDEs  and  in   p a r t i c u l a r   a  c i r c u i t  

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

v o l t a g e s   d u r i n g   t h e   s t a r t i n g   of   t h e   lamp  b u t   t o  

m a i n t a i n   t he   NLDE  q u i e s c e n t   d u r i n g   n o r m a l   r u n n i n g .  

V a r i o u s   a s p e c t s   and  f e a t u r e s   of  t he   i n v e n t i o n  

a r e   s e t   ou t   in  t h e   a p p e n d e d   c l a i m s .  

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

w h i c h :  

F i g .   1  s h o w s   a  f l u o r e s c e n t   t u b e   c i r c u i t   i n c l u d -  

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

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

whose   s t a r t e r   c i r c u i t   i n c l u d e s   a  g a t e   c o n t r o l   c i r c u i t  

h a v i n g   a  d u a l - r a t e   c h a r a c t e r i s t i c ;  

F i g s .   3  and  4  a r e   g r a p h s   p e r t a i n i n g   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 .   2 , a n d   show  t r i g g e r  

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

t i m e ;  

F ig .   5  shows   a  m o d i f i c a t i o n   of   t h e   g a t e   c o n t r o l  

c i r c u i t   shown  in  F i g .   2 ;  

F ig .   6  shows   a n o t h e r   f l u o r e s c e n t   t u b e   c i r c u i t  

i n c l u d i n g   an  NLDE  f o r   t h e   g e n e r a t i o n   of   t h e   s t r i k i n g  

v o l t a g e   f o r   t h e   t u b e ;  



F i g s .   7A  and  7B  a re   g r a p h i c a l   r e p r e s e n t a t i o n s  

r e l a t i n g   to  t he   o p e r a t i o n   of  t h e   c i r c u i t   of  F i g .   6,  a n d  

F i g .   7C  shows  t y p i c a l   w a v e f o r m s   f o r   one  c y c l e   of  o p e r a t i o n ;  

F i g .   8  is   a  g r a p h i c a l   i l l u s t r a t i o n   c o n t r a s t i n g  

the   s i n g l e   r a t 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  w i t h  

t he   d u a l   r a t e   o p e r a t i o n   of  t he   c i r c u i t s   of  F i g s .   2  and  6 ;  

F i g .   9  shows  a  m o d i f i c a t i o n   of  the   c i r c u i t   o f  

F i g .   2  to  i n c l u d e   the   use  of  a  PTC  r e s i s t o r   b o t h   f o r  

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

t r i g g e r i n g   o p e r a t i o n ;   a n d  

F i g s .   10  and  11  a re   g r a p h s   c o r r e s p o n d i n g   t o  

F i g s .   3  and  4  bu t   i l l u s t r a t i n g   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 ig .   9 .  

In  the   f i g u r e s   l i k e   r e f e r e n c e   d e s i g n a t i o n s  

i n d i c a t e   l i k e   p a r t s .  



R e f e r r i n g   to   F i g .   1,  a  d i s c h a r g e   lamp  10  i s  

shown  as  b e i n g   of  t h e   c o n v e n t i o n a l   f l u o r e s c e n t   lamp  t y p e  

h a v i n g   a  h e a t e r   c a t h o d e   a t   e a c h   end .   The  lamp  i s  

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

T1,  T 2  t h r o u g h   a  b a l l a s t   i n d u c t o r   L.  A  s t a r t e r   c i r c u i t  

20  i s   c o n n e c t e d   in  s e r i e s   w i t h   t h e   i n d u c t o r   and  the   two  

h e a t e r   c a t h o d e s   b e t w e e n   s u p p l y   t e r m i n a l s   T1,  T 2 .  

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

s w i t c h i n g   e l e m e n t   s u c h   as  a  t h y r i s t o r   shown  in  t h i s  

e x a m p l e   as  an  SCR  p r o v i d i n g   a  h a l f - w a v e   c o n t r o l   t h e  

c u r r e n t   t h r o u g h   t h e   h e a t e r   c i r c u i t .   The  g a t e   c o n t r o l  

c i r c u i t   of  t h e   SCR  i s   d e n o t e d   30  and  i s   r e s p o n s i v e   t o  

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

c o n t r o l   t he   t r i g g e r i n g   of   t h e   SCR  g a t e .   The  g a t e  

c i r c u i t   c o m p r i s e s   a  r e s i s t o r   Rl  w h i c h   s u p p l i e s   c u r r e n t  

v i a   d i o d e   D1  on  p o s i t i v e   h a l f - c y c l e s   to   a  t i m i n g  

c a p a c i t o r   C1  in   s e r i e s   w i t h   t h e   SCR  g a t e .   The  c h a r g i n g  

c u r r e n t   a l s o   f l o w s  t o  a   s e c o n d   c a p a c i t o r   C 2  i n  

p a r a l l e l   w i t h   t h e   g a t e - c a t h o d e  c i r c u i t   of  t h e   SCR. 

R e s i s t o r s   R2  and   R3  p r o v i d e   d i s c h a r g e   p a t h s   f o r   C2  and  C1 .  

The  v o l t a g e   d e v e l o p e d   a c r o s s   C2  i s   a p p l i e d   to  the   SCR 

g a t e   t h r o u g h   a  z e n e r   d i o d e   Z1  a n d r e s i s t o r   R 5  w h i c h  

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

t he   SCR  to  be  t r i g g e r e d .  



In  a d d i t i o n   to   t he   g a t e   c o n t r o l   c i r c u i t   3 0 ,  

t he   s t a r t e r   c i r c u i t   i n c l u d e s   a  s e r i e s   c a p a c i t o r - r e s i s t o r  

c o m b i n a t i o n   C47  R4  c o n n e c t e d   in  p a r a l l e l  w i t h   t h e   lamp  1 0  

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

v o l t a g e   p u l s e   a c r o s s   t h e   lamp  10  as  w i l l   be  d e s c r i b e d  

b e l o w .  

In  o p e r a t i o n   of  t h e   s t a r t i n g   c i r c u i t   of  F ig .   1 ,  

t h e   c h a r g i n g   of  t he   t i m i n g   c a p a c i t o r   C1  i s   c o n t r o l l e d  

by  a  s e c o n d   c a p a c i t o r   C2.  For   t he   t h y r i s t o r   to   t r i g g e r  

t h e   v o l t a g e   on  C2  must   be  a p p r o x i m a t e l y   e q u a l   to   t h e  

v o l t a g e   of   z e n e r   d i o d e   Z1.  As  the   c u r r e n t   c h a r g i n g   C2 

mus t   f l o w   in  C1,  t he   v o l t a g e   i n c r e m e n t   on  C1  f o r   e a c h  

c y c l e   i s   d e f i n e d  .  R2  i s   of   a  v a l u e  

low  e n o u g h   to  d i s c h a r g e   C2  w h i l s t   t h e   t h y r i s t o r   i s  

c o n d u c t i n g   so  t h a t   C2  i s   d i s c h a r g e d   r e a d y   f o r   t h e   n e x t  

c h a r g i n g   c y c l e .   R3  i s   a  h i g h   v a l u e   r e s i s t o r   w h i c h   h a s  

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

d i s c h a r g e s   C1  when  t h e   s t a r t e r   b e c o m e s   i n a c t i v e   o n  

s t r i k i n g   of  t h e   lamp,   r e a d y  f o r   t he   n e x t   s t a r t   o p e r a t i o n .  

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

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

v o l t a g e   on  c a p a c i t o r   C1  w h i c h   has  to  be  o v e r c o m e   by  t h e  

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

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

p o s i t i v e   h a l f - c y c l e s .   To  o b t a i n   t u b e   i g n i t i o n ,   a  h i g h  

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

of   h e a t e r   c u r r e n t   in  e a c h   c y c l e .   For   t u b e s   w i t h   a n  



Argon   gas   f i l l ,   a  s u f f i c i e n t l y   h i g h   n e g a t i v e   p e a k   o f  

v o l t a g e   can  be  o b t a i n e d   by  m e a n s   of  C4  p l a c e d   a c r o s s  

t h e   t u b e   c a t h o d e s .   When  t h e   t h y r i s t o r   SCR  s t o p s  

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

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

of  a p p r o x i m a t e l y   6 0 0 v .   (R4  i s   p l a c e d   in  s e r i e s   w i t h  

C 4  t o   l i m i t   t h e   d i s c h a r g e   c u r r e n t   when  t h e   t h y r i s t o r  

s w i t c h e s   on  a g a i n . )   The  c i r c u i t   of   F i g .   1  i s   s u i t a b l e ,  

as  shown ,   f o r   s t a r t i n g   Argon   t u b e s   up  to   6 5 w .  

The  r e s i s t o r   R1  i s   c h o s e n   n o t   to   s i g n i f i c a n t l y  

impede   t h e   d e s i r e d   c h a r g i n g   of   C1  and   C2  b u t   t o   p r o v i d e  

w i t h   C l / C 2   a  t i m e   d e l a y   o f  s a y   2mS  to   g i v e   t i m e   f o r   t h e  

lamp  to  i o n i z e   and   c o n d u c t   b e f o r e   t h e   t h y r i s t o r   a g a i n  

t r i g g e r s .   I t   w i l l   be  a p p r e c i a t e d   t h a t   a l t h o u g h   t h e   SCR 

is   t r i g g e r e d   in  t h e   p o s i t i v e   h a l f - c y c l e ,   t h e   b u i l d - u p   o f  

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

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

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

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

to  z e r o .   At  t h i s   t i m e   t h e   n e g a t i v e   v o l t a g e   a c t s   on  t h e  

r e s o n a n t   c i r c u i t   p r o v i d e d   by  L,  C4  to   p r o v i d e   t h e   s t r i k i n g  

v o l t a g e   a c r o s s   t h e   l a m p .  

The  r a t e   of  i n c r e a s e   of   t r i g g e r   v o l t a g e   in   t h e  

c i r c u i t   of  F i g .   1  i s   s u b s t a n t i a l l y   c o n s t a n t ,   and  w i l l  

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

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



( t h e   peak   v o l t a g e   of  t he   s u p p l y )   at   w h i c h   t h e   SCR  i s  

no  l o n g e r   r e n d e r e d   c o n d u c t i v e .   I t   w i l l   a l s o   d e t e r m i n e  

the  minimum  t i m e   t a k e n   f o r   t h e   t u b e   c o n d u c t i o n   to  b e c o m e  

f u l l y   e s t a b l i s h e d .   T h i s   is   b e c a u s e   at   f i r s t   t h e  

v o l t a g e   l e v e l   on  w h i c h   t he   SCR  i s   t r i g g e r e d   i s   l o w e r  

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

p o s i t i v e   c o n d u c t i o n   in  t he   t u b e   i m m e d i a t e l y   f o l l o w i n g   a  

n e g a t i v e   c o n d u c t i o n   p e r i o d ,   t h a t   is  c o n d u c t i o n   in  a  

p o s i t i v e   h a l f - c y c l e   f o l l o w i n g   a  n e g a t i v e   h a l f - c y c l e   i n  

wh ich   t h e   t u b e   i s   s t r u c k .   T h u s ,   even   t h o u g h   t h e   c a t h o d e s  

may  be  s u f f i c i e n t l y   h e a t e d   and  t h e   h i g h   n e g a t i v e   v o l t a g e  

is   c a u s i n g   n e g a t i v e   t u b e   c o n d u c t i o n   on  s u c c e s s i v e   h a l f  

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

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

i n h i b i t e d   by  t h e   s t a r t e r   r e - t r i g g e r i n g   t h e   SCR  u n t i l   t h e  

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

r i s e s ,   i . e .   i n c r e m e n t s   in  t h e   way  d e s c r i b e d ,   to   a  v a l u e  

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

250V  f o r   a  58  w a t t   t u b e . F o r   t h e   f a s t e s t   p o s s i b l e   s t a r t  

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

needs   to   be  h i g h   enough   to  p r o v i d e   j u s t   e n o u g h   c a t h o d e  

h e a t i n g   by  t h e   t i m e   the   t r i g g e r   v o l t a g e   l e v e l   r e a c h e s  

250V  in  the  example  c i ted .   H o w e v e r ,   t h e   r a t e  

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

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

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



v o l t a g e ,   low  t e m p e r a t u r e ,   end  of  l i f e   t u b e   e t c .   t h e  

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

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

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

t u b e   c o n d u c t i o n .   The  r a t e   mus t   t h e r e f o r e   be  s e l e c t e d  

to  be  s u f f i c i e n t l y   low  to   c a t e r   f o r   a d v e r s e   c o n d i t i o n s ,  

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

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

be  u n d e r s t o o d   t h a t   in  a c c o r d   w i t h   wha t   h a s   j u s t   b e e n  

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

of  t h e   a p p l i e d   v o l t a g e   a t   w h i c h   t h e   SCR  i s   c a u s e d   t o  

t r i g g e r   i n t o   c o n d u c t i o n .  

The  c i r c u i t   of  F i g .   2  i s   i n t e n d e d   to  p r o v i d e   a  

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

r a t e   of   c o n t r o l   of  t h e   t r i g g e r i n g   of   t h e   SCR.  T h e  

c i r c u i t   i s   t h e   same  as  t h a t   of  F i g .   1  e x c e p t   t h a t   a  

s e r i e s   c o m b i n a t i o n   of  a  f u r t h e r   c a p a c i t o r   C3  and  a  z e n e r  

d i o d e   Z2  i s   p l a c e d   in  p a r a l l e l   w i t h   t i m i n g   c a p a c i t o r   C 1 .  

Z2  a c t s   as  an  a u t o m a t i c   s w i t c h   to  p l a c e   C3  in  p a r a l l e l  

w i t h   C1,  and  t h e r e b y   i n c r e a s e ,   t h e   t i m i n g   c a p a c i t a n c e ,  

upon  t he   v o l t a g e   a c r o s s   C1  r e a c h i n g   t h e   z e n e r   v o l t a g e  

of  Z2.  O p e r a t i o n   i s   s i m i l a r   to  t h e   c i r c u i t   of  F i g .   1 

e x c e p t   t h a t   t h e   f i n i t e   c h a r g e   p e r   c y c l e   as  g o v e r n e d   b y  

C2  now  c h a r g e s   C1  u n t i l   t h e   v o l t a g e   a c r o s s   C1  r e a c h e s  

the   b r e a k d o w n   v o l t a g e   o f  z e n e r   d i o d e   Z2.  T h e  c h a r g e  



t h e n   has  to  f l o w   in  C1  and  C3  in  p a r a l l e l   t h u s   r e d u c i n g  

t he   v o l t a g e   b i a s   i n c r e m e n t   o c c u r r i n g   in  each   c y c l e   i n  

the   r a t i o  The  t r i g g e r   v o l t a g e   v.  t i m e  

c h a r a c t e r i s t i c   t h e r e f o r e   b e c o m e s   as  shown  in  F i g .   3  w i t h  

t he   h e a t e r   c u r r e n t   c h a r a c t e r i s t i c   as  in  F i g .   4.  T h e  

t r i g g e r   v o l t a g e   at  wh ich   t h e   r a t e   c h a n g e s   (VBK  in   F ig .   3 )  

is   c h o s e n   to   be  a  v a l u e   at  w h i c h   p o s i t i v e   c o n d u c t i o n  

in  the  t u b e   can  i n i t i a t e .  

The  t r i g g e r   v o l t a g e   i s   t h e   v o l t a g e   a t   t e r m i n a l s  

T3,  T4  a t   w h i c h   the   SCR  i s   r e n d e r e d   c o n d u c t i v e .   T h e  

v o l t a g e   r i s e s   e v e n t u a l l y   to  Vs,  t h e   maximum  of  t h e   s u p p l y  

v o l t a g e ,   i . e .   t h e   peak   of  a  p o s i t i v e   h a l f - c y c l e ,   a t  

w h i c h   t i m e   t h e   SCR  can  no  l o n g e r   be  t r i g g e r e d .   T h e  

h e a t e r   c u r r e n t   shown  in  F i g .   4  s t a r t s   at  a  h i g h   l e v e l  

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

VBK  is   r e a c h e d ,   w h e r e u p o n   w i t h   t h e   r e d u c e d   r a t e   o f  

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

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

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

s t a r t e r   i s   f i n a l l y   r e n d e r e d   i n a c t i v e .  



F i g .   5  s h o w s   a  v a r i a t i o n   of  t h e   g a t e   c o n t r o l  

c i r c u i t   ( t h e   r e m a i n i n g   c i r c u i t r y   i s   no t   r e p e a t e d )   f o r  

s w i t c h i n g   t h e   e x t r a   c a p a c i t o r   C3  by  means   of  Z2.  I n  

F i g .   5,  C 3  a n d   C1  a r e   in  s e r i e s   a t   t h e   o u t s e t ,   Z2 

p r o v i d i n g   an  open   c i r c u i t   s w i t c h .   When  t h e   v o l t a g e  

on  C3  r e a c h e s   t h e   b r e a k d o w n   v o l t a g e   of   Z2,  i t   i s   c l a m p e d  

at   t h e   v o l t a g e   of   Z2  w h i c h   b e c o m e s   a  c l o s e d   s w i t c h   f o r  

c h a r g i n g   C1  so  t h a t   t h e   e f f e c t i v e   c a p a c i t a n c e   i n c r e a s e s  

to  t h a t   of  C 1 .  

The  e m b o d i m e n t s   t h u s   f a r   d e s c r i b e d   show  t h e  

p r o v i s i o n   of  a  c a p a c i t o r   C 4  t o   r e s o n a t e   w i t h   t h e   b a l l a s t  

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

t u b e .   Thus  v o l t a g e   may  be  up  to   t w i c e   t h e   s u p p l y   p e a k  

v o l t a g e .   For   K r y p t o n   f i l l e d   t u b e s   h o w e v e r ,   a  p u l s e   o f  



at  l e a s t   1000v   is   n o r m a l l y   r e q u i r e d .   Th i s   can  b e  

g e n e r a t e d   u s i n g   a  n o n - l i n e a r   d i e l e c t r i c   e l e m e n t   ( N L D E ) ,  

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

c h a r a c t e r i s t i c s   of  such   d e v i c e s   a r e   d e s c r i b e d   in  t h e  

a f o r e m e n t i o n e d   S p e c i f i c a t i o n   EP  0 1 0 2 1 8 3 .   NLDEs  a r e  

a v a i l a b l e   f rom  t he   TDK  E l e c t r o n i c s   C o r p o r a t i o n   of  J a p a n .  

As  shown  in  t h e   j u s t - m e n t i o n e d   s p e c i f i c a t i o n   the   NLDE  h a s  

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

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

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

p o s i t i v e l y   or  n e g a t i v e l y .   When  t h e   v o l t a g e   a p p l i e d   to  a n  

NLDE  r e a c h e s   a  c e r t a i n   t h r e s h o l d   i t   t a k e s   c u r r e n t   u n t i l  

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

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

s e r i e s   w i t h   a  f l u o r e s c e n t   lamp  b a l l a s t   c h o k e ,   c u r r e n t  

f l ows   in  t h e   c h o k e   u n t i l   t h e   NLDE  i s   s a t u r a t e d .   When 

the   NLDE  b e c o m e s   s a t u r a t e d   and  c a n n o t   s u s t a i n   t he   c u r r e n t  

now  f l o w i n g   in  t h e   c h o k e ,   a  l a r g e   i n d u c e d   EMF  is   g e n e r a t e d  

by  t h e   c h o k e .  

The  u se   of  an  NLDE  w i l l   be  d e s c r i b e d   w i t h  

r e f e r e n c e  t o   t h e   c i r c u i t   shown  in  F i g .   6  w h i c h   shows  a  

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

the   SCR  s i m i l a r   to  t h a t   of  F i g .   2  b u t   in  wh ich   t h e  

r e s o n a t i n g   c a p a c i t o r   C4  i s   r e p l a c e d   by  an  NLDE  in  a  

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

own  r i g h t .  



I f   t he   NLDE  w e r e   p l a c e d   d i r e c t l y   a c r o s s   t h e  

e n d s   of  lamp  10  i t   w o u l d   t h e n   c a u s e   h i g h   v o l t a g e  

g e n e r a t i o n   b o t h   in  t h e   p o s i t i v e   and  n e g a t i v e   h a l f - c y c l e s  

( t h u s   i n t e r f e r i n g   w i t h   t h e   t h y r i s t o r   t r i g g e r i n g  

a r r a n g e m e n t s )   and  a l s o ,   when  t h e   t u b e   i s   r u n n i n g ,   i t   w o u l d  

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

of  F i g .   6  a v o i d s   t h e s e   d i s a d v a n t a g e s .   The  NLDE  i s  

c o n n e c t e d   a c r o s s   t h e   t u b e   v i a   a  r e s i s t o r   R6  f o r   c h a r g i n g  

in  one  d i r e c t i o n   ( p o s i t i v e   p o l a r i t y )   and   v i a   a  s e r i e s  

c a p a c i t o r   and  d i o d e   c o m b i n a t i o n   ( C 5 , D 2 )   in   p a r a l l e l   w i t h  

R 6  f o r   c h a r g i n g   on  t h e   o p p o s i t e   p o l a r i t y   h a l f - c y c l e s .  

The  j u n c t i o n   of  C51  D2  i s   c o n n e c t e d   to   t h e   SCR  a n o d e  

and  an  i s o l a t i o n   d i o d e   D3  i s   i n s e r t e d   in   t h e   anode   l i n e .  

The  r e s i s t o r   R6  e n s u r e s   t h a t   t h e   NLDE  i s   s e t   in  t h e  

p o s i t i v e   d i r e c t i o n   b u t   t h a t   t h e   c u r r e n t   i s   not   h i g h   e n o u g h  

to  g i v e   a  s i g n i f i c a n t   i n d u c e d   EMF.  The  n e g a t i v e   f e ed   t o  

t he   NLDE  i s   v i a   t h e   c a p a c i t o r   C5  w h i c h   c h a r g e s   on  t h e  

n e g a t i v e   h a l f - c y c l e s .   In  t h e   t r i g g e r i n g   ( s t a r t )   m o d e ,  

t h e   c a p a c i t o r   C5  d o e s   n o t   g r e a t l y   a f f e c t   t h e   n e g a t i v e  

c u r r e n t   to  t h e   NLDE  b e c a u s e   e a c h   t i m e   t h e   t h y r i s t o r  

t r i g g e r s   i t   d i s c h a r g e s   C5  b e f o r e   t a k i n g   c u r r e n t   from  t h e  

b a l l a s t   v i a   d i o d e   D3*  Once  t h e   t h y r i s t o r   s t o p s   t r i g g e r i n g  

h o w e v e r ,   c h a r g e   b u i l d s   up  on  C5  r e n d e r i n g   the   NLDE 

q u i e s c e n t .  

F i g .  6   t h e r e f o r e   s h o w s   a  c o m p l e t e   d u a l - r a t e  

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

h i g h   v o l t a g e   g e n e r a t i o n   in  t h e   n e g a t i v e   h a l f - c y c l e .  



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

t ime   as  shown  in  F i g s .   7A  and  7B  r e s p e c t i v e l y .   ( T h e  

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

the   i n i t i a l   low  t r i g g e r   v o l t a g e   i s   no t   s u f f i c i e n t   t o  

s e t   the   NLDE  in  t h e   p o s i t i v e   p o l a r i t y   t h e r e f o r e   no  

n e g a t i v e   t r a n s i t i o n   o c c u r s . )   A  d i o d e   D4  in  F i g .   6 

i s o l a t e s   t he   h i g h   n e g a t i v e   p u l s e   g e n e r a t e d   by  the   NLDE 

from  the   r e s t   of  t he   c i r c u i t .  

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

t r i g g e r   p o i n t   r e a c h e s   VBK  a r e   as  shown  in  F ig .   7C.  

The  d a s h ,   f u l l   and  d o t t e d   l i n e s   show  t h e   ma ins   s u p p l y  

v o l t a g e ,   v o l t a g e   a c r o s s   t he   lamp  or   t u b e ,   and  t h e   c a t h o d e  

h e a t e r   c u r r e n t   r e s p e c t i v e l y .   Wi th   a p p r o p r i a t e   c h o i c e   o f  

c o m p o n e n t s   t h i s   can  be  a r r a n g e d   to   be  a p p r o p r i a t e   f o r  

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

s u f f i c i e n t l y   h e a t e d .   A  t y p i c a l   t i m e   of  0 .3   s e c o n d s   ( t l )   t o  

r e a c h   VBK  i s   n o r m a l l y   s u f f i c i e n t   f o r   t h i s   to  h a p p e n .  

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

c o n d i t i o n s ,   t h e n   t h e   s t a r t e r   c o n t i n u e s   to  be  a c t i v e   g i v i n g  

the   a d d i t i o n a l   h e a t i n g   r e q u i r e d .  

The  f i r i n g   a n g l e   now  c h a n g e s   o n l y   s l o w l y   t o  

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

out   c o m p l e t e l y   i f   t h e   t u b e   f a i l s   to   s t r i k e .   T h i s   l a t t e r  

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

o v e r h e a t i n g   and  a n n o y i n g   f l a s h i n g ,   b o t h   of  wh ich   c a n  

o c c u r   i f   a  t u b e   i s   f a u l t y .  



F i g .   8  i l l u s t r a t e s   t he   c o m p a r i s o n   b e t w e e n   t h e  

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

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

Times  a r e   t y p i c a l   f o r   a  58  w a t t   t u b e .   The  c o m p o n e n t  

v a l u e s   c o r r e s p o n d i n g   to  t h e   t i m e s   and  l e v e l s   of  F i g .   8 

a re   shown  in  F i g .   6.  To  i l l u s t r a t e   t h e   e a r l i e r  

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

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

V t r i g   of  t h e   s i n g l e   r a t e   s t a r t e r   l i e s   b e l o w   VBK  t h e n  

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

t h a n   t 4  ( V t r i g   =  VBK) ,   t h e n   the   t u b e   w i l l   no t   f u l l y  

i g n i t e   due  to   c o n t i n u a l   r e t r i g g e r i n g   in   t h e   s t a r t e r  

c i r c u i t .   A  t y p i c a l   v a l u e   f o r   t4  i s   1 . 2   s e c o n d s ,   a f t e r  

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

t he   t u b e   l i t   in  u n d e r   0 . 3   s e c o n d s   in   n o r m a l   o p e r a t i o n .  

I f   s t a r t i n g   f a i l s   t h e   s t a r t e r   t i m e s   ou t   a t   t5  a s  

c o m p a r e d   w i t h   t h e   s h o r t e r   t6  in  t h e   s i n g l e   r a t e   c a s e .  

I t   may  p r o v e   d e s i r a b l e   to   p r o v i d e   some  form  o f  

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

s t a r t e r   f a u l t   c o n d i t i o n s .   Such  p r o v i s i o n   may  u se   a  

p o s i t i v e   t e m p e r a t u r e   c o e f f i c i e n t   r e s i s t o r   ( P T C ) .  

A  PTC  can  be  added   to  t h e   c i r c u i t s   of  F i g s .   1 ,  

2  and  6,  f o r   e x a m p l e ,   by  b r e a k i n g   t h e   c i r c u i t   at  t e r m i n a l  

T 3  a n d   i n s e r t i n g   t h e   PTC  a t   t h a t   p o i n t .   H o w e v e r ,  

a d v a n t a g e   can  b e  t a k e n   of  t h e   i n c l u s i o n   of   t he   PTC  t o  

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



d u a l   r a t e   c i r c u i t s   of  F i g s .   2  and  6.  F ig .   9  shows  a  

m o d i f i e d   v e r s i o n   of  F i g .   2  in  w h i c h   the   z e n e r   d i o d e   Z2 

and  c a p a c i t o r   C3  a r e   o m i t t e d   bu t   f u r t h e r   v o l t a g e   c l a m p i n g  

z e n e r   d i o d e   Z4  i s   p r o v i d e d   as  shown  to  d e f i n e   a  l i m i t  

VBK  to  t h e   b i a s   v o l t a g e   d e v e l o p e d   a c r o s s   C1.  In  t h i s  

c a s e   t h e   v o l t a g e   i s   no t   a l l o w e d   to   r i s e   to  V s  ( s e e   F ig .   3 )  

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

r e d u c e d   h e a t e r   c u r r e n t   in  t he   s e c o n d   p h a s e   of  o p e r a t i o n  

u n t i l   t he   PTC  h e a t s   to   a  r e s i s t a n c e   v a l u e   t h a t   c u t s   o u t  

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

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

t r i g g e r i n g .   T h i s   i s   shown  in  F i g s .   10  and  11  w h e r e  

( c o m p a r e   F i g s .   3  and  4  r e s p e c t i v e l y )   a f t e r   t h e   i n i t i a l  

f a s t   r a m p - u p   of  t r i g g e r   v o l t a g e   to  VBK  at  t 1 ,   t h e  

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

t 2 '   As  t h e   PTC  c o o l s ,   t h e   v o l t a g e   f ed   to  t h e   s t a r t e r  
c i r c u i t   i t s e l f   s l o w l y   i n c r e a s e s .   Howeve r ,   t h e   r a t e   o f  
i n c r e a s e   i s   v e r y   s l o w   so  t h a t   e a c h   s u c c e s s i v e   c y c l e   o f  

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

c u r r e n t   in  C1  to   t h e   e x t e n t   t h a t   t h e   v o l t a g e   t h e r e b y  

c a u s e d   at   C2  is   l e s s   t h a n   the   v o l t a g e   of  Z1,  so  t h e  

t h y r i s t o r   is   no t   t r i g g e r e d .   The  PTC  t h e r e f o r e   c o o l s  

c o m p l e t e l y   ( r e - s e t s )   w i t h o u t   t h e   s t a r t e r   t r i g g e r i n g  
and  i t   i s   no t   u n t i l   t h e   power   i s   r e m o v e d   ( e i t h e r   b y  

s w i t c h i n g   o f f   or  r e m o v i n g   the   t u b e )   t h a t   C1  can  d i s c h a r g e  
and  a l l o w   t h e   s t a r t e r   to  o p e r a t e   n e x t   t ime   power   i s  

a p p l i e d .   The  PTC  c a u s e s   t he   c i r c u i t   to  r e m a i n   i n -  



o p e r a t i v e   f o r   a  p e r i o d   u n t i l   at   t3  t h e   PTC  has   c o o l e d  

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

The  c i r c u i t   of  F i g .   6  u s i n g   t h e   NLDE  can  b e  

m o d i f i e d   in  t h e   same  m a n n e r   as  i n d i c a t e d   in   F i g .   9 .  

In  F i g .   8,  t h e   v a l u e   of  VBK  is   a s s u m e d   t o  

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

so  t h a t   a  c i r c u i t   h a v i n g   a  g i v e n   VBK  w i l l   work  w i t h   t u b e s  

of   any  l e s s e r   t h r e s h o l d   c h a r a c t e r i s t i c .  



1.  A  s t a r t e r   c i r c u i t   f o r   a  d i s c h a r g e   lamp  of  t h e  

k i n d   h a v i n g   c a t h o d e   h e a t e r s   e n e r g i z a b l e   f rom  an  a . c .  

s u p p l y   c o m p r i s i n g :  

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

h e a t e r s ,  

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

a  c o n t r o l l a b l e   p a t h   f o r   h e a t e r   c u r r e n t ,  

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

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

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

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

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

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

b i a s   v o l t a g e   e a c h   t i m e   t h e   t h y r i s t o r   i s   t r i g g e r e d   so  a s  

to  c a u s e   t r i g g e r i n g   to   be  i n c r e a s i n g l y   d e l a y e d   i n  

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

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

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

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

s u b s t a n t i a l l y   f i x e d   i n c r e m e n t   of  c h a r g e   in  e a c h   s u p p l y  

c y c l e ,   a n d  

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

t h a t   the   s h a r i n g   of  c h a r g e   t h e r e b e t w e e n   is   s u c h   t h a t   t h e  

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

in  each   s u p p l y   c y c l e .  



2.  A  c i r c u i t   as  c l a i m e d   in  C l a i m   1  in  w h i c h  

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

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

s u p p l y   c y c l e .  

3.  A  s t a r t e r   c i r c u i t   as  c l a i m e d   in  C l a i m   2  i n  

wh ich   s a i d   v o l t a g e   d e f i n i n g   means   c o m p r i s e s   a  Z e n e r   d i o d e .  

4.  A  s t a r t e r   c i r c u i t   as  c l a i m e d   in  C l a i m   3  in  w h i c h  

the   s e c o n d   c a p a c i t o r   is   c o n n e c t e d   a c r o s s   t h e   g a t e   a n d  

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

t h r o u g h   t h e   Z e n e r   d i o d e .  

5.  A  s t a r t e r   c i r c u i t   as  c l a i m e d   in   a n y  o n e   o f  

C l a i m s  1   to   4,  in  w h i c h   one  of  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   c o m p r i s e s   two  c a p a c i t o r   e l e m e n t s   and  v o l t a g e  

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

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

v o l t a g e   t h e r e a c r o s s   s u c h ' t h a t   t h e r e a f t e r   a  l e s s e r   v o l t a g e  

b i a s   i n c r e m e n t   i s   a c q u i r e d   by  t h e   f i r s t   c a p a c i t o r   i n  

each   s u p p l y   c y c l e .  

6.  A  s t a r t e r   c i r c u i t   as  c l a i m e d   in  C l a i m   5  in  w h i c h  

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

7.  A  s t a r t e r   c i r c u i t   as  c l a i m e d   in  C l a i m   6  i n  

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

i s   c o n n e c t e d   in  a  s e r i e s   c o m b i n a t i o n   w i t h   one  c a p a c i t o r  

e l e m e n t   of   t h e   f i r s t   c a p a c i t o r ,   t h e   o t h e r   c a p a c i t o r  

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

c o m b i n a t i o n .  



8.  A  s t a r t e r   c i r c u i t   as  c l a i m e d   in  C l a i m   6  i n  

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

is   c o n n e c t e d   in  a  p a r a l l e l   c o m b i n a t i o n   w i t h   o n e  

c a p a c i t o r   e l e m e n t   of  t h e   f i r s t   c a p a c i t o r ,   t he   o t h e r  

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

p a r a l l e l   c o m b i n a t i o n .  

9.  A  s t a r t e r   c i r c u i t   as  c l a i m e d   in  any  p r e c e d i n g  

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

o p e r a b l e   w i t h   a  b a l l a s t   c h o k e   c o n n e c t e d   in  s e r i e s   b e t w e e n  

t h e   lamp  h e a t e r s   and  t h e   a . c .   s u p p l y ,   t h e   s t a r t e r  

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

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

when  in  c i r c u i t   w i t h   t h e   l amp ,   to   g e n e r a t e   a  v o l t a g e  

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

lamp  in  r e s p o n s e   to   t h e   t u r n i n g - o f f   of  t h e   t h y r i s t o r .  

10.  A  s t a r t e r   c i r c u i t   as  c l a i m e d   in  C l a i m   9  in  w h i c h  

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

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

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

t u r n i n g - o f f .  

11.  A  s t a r t e r   c i r c u i t   as  c l a i m e d   in  C l a i m   10  i n  

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

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

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

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

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

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

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



to  be  d i s c h a r g e d   f rom  t h e   s a t u r a t e d   c o n d i t i o n   in  t h e   n e x t  

f o l l o w i n g   h a l f - c y c l e .  

12.  A  s t a r t e r   c i r c u i t   as  c l a i m e d   in  C la im   11  i n  

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

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

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

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

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

o f f .  

13.  A  s t a r t e r   c i r c u i t   as  c l a i m e d   in  a n y  o n e   of  C l a i m s  

9  to  12  c o m p r i s i n g   a  r e s i s t o r   in  s e r i e s   in  t he   c h a r g i n g  

p a t h   of   t h e   f i r s t   and   s e c o n d   c a p a c i t o r s   to   p r o v i d e   a  

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

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

s a i d   t h y r i s t o r .  

14.  A  s t a r t e r   c i r c u i t   as  c l a i m e d   in  any  p r e c e d i n g  

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

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

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

c o n n e c t a b l e   to   an  e n e r g i s i n g   a . c .   s u p p l y   and  h a v i n g  

h e a t e r   c a t h o d e s   b e t w e e n   w h i c h   t h e   d i s c h a r g e   is   s t r u c k ,  

and  c o m p r i s i n g   a  t h y r i s t o r   c o n n e c t a b l e   in  s e r i e s   w i t h  

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

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

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

c i r c u i t   a f t e r   an  i n t e r v a l   i f   t h e   lamp  f a i l s   to  s t r i k e ,  



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

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

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

s u c c e s s i v e   h a l f - c y c l e s   of  t h e   s u p p l y   in   a  f i r s t   p h a s e ,  

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

at   t he   end  of  t he   f i r s t   p h a s e ,   or  f o r   i n c r e m e n t i n g   s a i d  

v o l t a g e   at  a  l e s s e r   r a t e ,   f o r   a  f u r t h e r   p e r i o d  

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

16.  A  s t a r t e r   c i r c u i t   as  c l a i m e d   in  C la im  15 

in  w h i c h   s a i d   f i r s t   means   c o m p r i s e s   c a p a c i t a n c e   on  

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

s u c c e s s i v e   h a l f - c y c l e s   of  s a i d   f i r s t   p h a s e ,   and  s a i d  

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

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

c a p a c i t a n c e   s u c h   t h a t   t h e   b i a s   v a l u e   i n c r e m e n t s   at  a  

l e s s e r   r a t e   in  t h e   s e c o n d   p h a s e .  

17.  A  s t a r t e r   c i r c u i t   as  c l a i m e d   in  C la im  16 

in  w h i c h   t r i g g e r i n g   of   t h e   t h y r i s t o r   c e a s e s   when  t he   b i a s  

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

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

18.  A  s t a r t e r   c i r c u i t   as  c l a i m e d   in  C la im  15 

in  w h i c h   s a i d   f i r s t   means   c o m p r i s e s   c a p a c i t a n c e   on  w h i c h  

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

h a l f - c y c l e s   of  s a i d   f i r s t   p h a s e ,   and  s a i d   s e c o n d   m e a n s  

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

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



to   be  r e n d e r e d   c o n d u c t i v e   in  s u c c e s s i v e   h a l f - c y c l e s   a n d  

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

to  c a r r y   t h e   c a t h o d e   h e a t e r   c u r r e n t   and  to   t e r m i n a t e  

s a i d   s e c o n d   p h a s e   upon  t h e   r e s i s t o r   r e a c h i n g   a  p r e d e t e r -  

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

19.  A  s t a r t e r   c i r c u i t   as  c l a i m e d   in  C la im   18  

in  w h i c h   s a i d   c a p a c i t a n c e   i s   so  a r r a n g e d   t h a t   i t   i s  

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

t h y r i s t o r   is  no t   t r i g g e r e d   i n t o   c o n d u c t i o n   a g a i n   u n t i l  

s a i d   r e s i s t o r   has   s u b s t a n t i a l l y   c o o l e d .  

20.  A  s t a r t e r   c i r c u i t   as  c l a i m e d   in  a n y  o n e  

of   C l a i m s   15  to   19  f o r   a  d i s c h a r g e   lamp  h a v i n g   a n  

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

e n e r g i s i n g   c i r c u i t ,   t he   s t a r t e r   c i r c u i t   f u r t h e r  

c o m p r i s i n g   an  NLDE  in  an  i g n i t i o n   c i r c u i t   c o n n e c t a b l e  

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

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

c o n n e c t e d   to  t h e   NLDE,  one  p a t h   i n c l u d i n g   a  c i r c u i t  

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

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

c a p a c i t o r   and  means   p r o v i d i n g   c u r r e n t   f l o w   f rom  t h e   NLDE 

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

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

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

t h e   NLDE  in  a  s u b s t a n t i a l l y   q u i e s c e n t   s t a t e ,   and  t h e  

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

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



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

the   NLDE  i s   c o a c t a b l e   w i t h   such   a  s e r i e s   i n d u c t o r   t o  

g e n e r a t e   v o l t a g e   s p i k e s   to  s t r i k e   t h e   l a m p .  

21.  A  s t a r t e r   c i r c u i t   as  c l a i m e d   in  C l a i m   2 0  

in  wh ich   s a i d   one  p a t h   c o m p r i s e s   r e s i s t a n c e   and  s a i d   m e a n s  

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

d e v i c e .  

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

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

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

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

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

the   h e a t e r   c u r r e n t ,   and  an  i g n i t i o n   c i r c u i t   c o n n e c t a b l e  

b e t w e e n   s a i d   c a t h o d e s   in  p a r a l l e l   w i t h   t h e   lamp  a n d  

i n c l u d i n g   an  NLDE  to  c o o p e r a t e   w i t h   t h e   i n d u c t o r   t o  

g e n e r a t e   h i g h   v o l t a g e   to  s t r i k e   t h e   l a m p ,   t h e   i g n i t i o n  

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

NLDE,  one  p a t h   i n c l u d i n g   a  c i r c u i t   e l e m e n t   p r o v i d i n g  

c u r r e n t   f low  to  t h e   NLDE  in  h a l f - c y c l e s   of  one  p o l a r i t y ,  

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

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

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

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

a  b i a s   v o l t a g e   t h a t   m a i n t a i n s   t h e   NLDE  in  a  s u b s t a n t i a l l y  

q u i e s c e n t   s t a t e ,   and   t h e   c a p a c i t o r   in   s a i d   o t h e r   p a t h  

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



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

o p e r a t i o n   of  t h e   s t a r t e r   c i r c u i t ,   t he   NLDE  is   c o a c t a b l e  

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

to  s t r i k e   t h e   l a m p .  

23.  A  s t a r t e r   c i r c u i t   as  c l a i m e d   in  C l a i m   2 2  

in  w h i c h   s a i d   one  p a t h   c o m p r i s e s   r e s i s t a n c e   and  s a i d  

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

c o n d u c t i v e   d e v i c e .  
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