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©  Improvements  relating  to  the  starting  of  discharge  lamps. 

©  Electronic  starter  circuits  for  discharge  lamps  have  been 
proposed  employing  the  pulse  producing  properties  of  a 
non-linear  dielectric  element.  This  starter  uses  such  an 
element  (CV)  which  can  produce  a  voltage  pulse  substantial- 
ly  in  excess  of  twice  the  peak  of  the  supplied  voltage  in 
response  to  a  voltage  pulse  above  its  saturation  voltage.  The 
starter  includes  a  semiconductor  switch  (S)  and  a  diode 
steering  circuit  (D1,  D2,  D3)  which  connects  the  switch  across 
the  circuit  input  terminals  (4,  6)  in  one  polarity  to  pass 
preheating  current  through  the  lamp  cathodes  (2,  3)  and  in 
another  part  of  the  starting  cycle  connects  the  switch  (S)  in 
the  opposite  polarity  in  series  with  the  non-linear  dielectric 
element  (CV)  to  apply  an  ignition  voltage  pulse  across  the 
lamp  (1). 
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This  i n v e n t i o n   r e l a t e s   to  the  s t a r t i n g   of  d i s c h a r g e   lamps 

by  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 ,   in  p a r t i c u l a r   such  c i r c u i t s  

employing  the  pulse  p roduc ing   p r o p e r t i e s   of  a  n o n - l i n e a r  

d i e l e c t r i c   e lement ,   which  wi l l   be  r e f e r r e d   to  h e r e i n a f t e r   as  a  

v o l t a g e   dependent  c a p a c i t o r   or  VDC. 

The  chemical   compos i t ion   of  a  vo l tage   dependent   c a p a c i t o r  
is  d e s c r i b e d   in  B r i t i s h   Pa tent   A p p l i c a t i o n   No.  2  035  287A.  An 

element  of  t h a t   type  e x h i b i t s   a  c a p a c i t a n c e / v o l t a g e  

c h a r a c t e r i s t i c   as  shown  in  F igure   1  in  which  the  charge  Qc  i s  

p l o t t e d   as  a  f u n c t i o n   of  the  vo l tage   Ve.  This  c h a r a c t e r i s t i c  

may  r e a d i l y   be  ob ta ined   by  the  use  of  an  o s c i l l o s c o p e .   The 

i n c r e m e n t a l   c a p a c i t a n c e   C  of  the  element  i s  t h e   i n c r e m e n t a l  

s lope  so  tha t   Cv  =  δQc/  bVc.  As  can  r e a d i l y   be  seen  from 

Figure   1,  on  a  p o s i t i v e   i n c r e a s i n g   bias  t he re   is  a  h i g h  

c a p a c i t a n c e   CVH,  which  at  a  vo l tage   VCS,  which  may  be  c a l l e d  
the  s a t u r a t i o n   v o l t a g e ,   changes  to  a  low  c a p a c i t a n c e   CVL. 

A d d i t i o n a l l y   t he re   is  an  h y s t e r e s i s   e f f e c t   whereby  r eve r se   b i a s  

is  r e q u i r e d   b e f o r e  t h e   c a p a c i t a n c e   can  r e v e r t   to  CVH.  I f ,  
t hen ,   a  reduced  r eve r se   bias  is  imposed,  perhaps  by  t h e  

i n s e r t i o n   o f  a   breakdown  device ,   the  f u l l   value  of  CVH  w i l l  
not  be  r e s t o r e d   so  that   a  reduced  value  wi l l   be  ob ta ined   as  

shown  at  CVH  in  Figure  2.  A  s imi l a r   e f f e c t   is  ob ta ined   f o r  

a  f i r s t   cycle  of  v o l t a g e ,   r i s i n g   to  p o s i t i v e   maximum  from  z e r o  
and  not  from  a  nega t ive   v a l u e .  

Pa tent   A p p l i c a t i o n   No.  2 035  287A  also  i l l u s t r a t e s   a 

c i r c u i t   u t i l i s i n g   a  vol tage   dependent  c a p a c i t o r   to  provide  an 

i g n i t i o n   pulse  for  a  d i scharge   lamp.  This  u t i l i s e s   the  f a c t  

tha t   as  the  s a t u r a t i o n   vo l tage   is  exceeded  the  c a p a c i t a n c e   f a l l s  

r a p i d l y   and  cu r ren t   through  the  element  f a l l s   s h a r p l y   to  z e r o .  
If   the  c a p a c i t o r   is  connected  in  s e r i e s   with  a  lamp  b a l l a s t  



i n d u c t a n c e ,   the  sudden  s a t u r a t i o n   of  the  c a p a c i t o r   can  give  r i s e  

to  a  h i g h   di  for  i g n i t i o n   of  the  l a m p .  
d t  

The  c i r c u i t   of  the  sa id   Pa ten t   A p p l i c a t i o n   s u f f e r s   from 

c e r t a i n   d e f e c t s   for  some  purposes .   F u r t h e r   c i r c u i t s   emp loy ing  

a  v o l t a g e   dependent   c a p a c i t o r   are  d i s c l o s e d   in  European  P a t e n t  

A p p l i c a t i o n   p u b l i c a t i o n   No.  0  048  137  Al,  which  is  more  

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

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

c o n v e n t i o n a l ,   the  sa id   European  Pa t en t   A p p l i c a t i o n   d i s c l o s e s  

c i r c u i t s ,   s t a r t i n g   at  Figure   8,  in  which  a  vo l t age   d e p e n d e n t  

c a p a c i t o r   is  connected   in  p a r a l l e l   with  a  semiconduc tor   s w i t c h  

and  in  s e r i e s   with  a  second  s emiconduc to r   swi tch .   One  of  t h e s e  

s w i t c h e s   s e rves   to  con t ro l   the  flow  of  p r e h e a t i n g   c u r r e n t   to  t h e  

lamp  e l e c t r o d e s   and  the  o ther   to  p rovide   a  path  for  the  c u r r e n t  

th rough  the  VDC  when  i t   suddenly   reduces   to  gene ra te   the  l a r g e  

i g n i t i o n   pu l ses   r e q u i r e d .  

I t   is  b e l i e v e d   t ha t   these   c i r c u i t s   a lso  s u f f e r   from 

d i s a d v a n t a g e s   and  i t   is  a c c o r d i n g l y   an  ob j ec t   of  t h i s   i n v e n t i o n  

' to   provide  an  improved  e l e c t r o n i c   s t a r t e r ,   us ing  a  v o l t a g e  

dependent   c a p a c i t o r .  

Accord ing   to  the  i n v e n t i o n   t h e r e   is  provided  a  d i s c h a r g e  

lamp  s t a r t e r   c i r c u i t   having  two  s t a r t e r   input   t e r m i n a l s   f o r  

c o n n e c t i n g   to  the  cathodes  of  a  d i s cha rge   lamp  to  r ece ive   a 

c y c l i c a l l y   va ry ing   vo l t age   s u p p l i e d   through  both  the  lamp 

ca thodes   and  a  choke  b a l l a s t ,   the  s t a r t e r   c i r c u i t   i n c l u d i n g   a  

s e m i c o n d u c t o r   swi t ch ,   a  vo l tage   dependent   c a p a c i t o r ,   capable  o f  

p r o v i d i n g   a  vo l t age   pulse  s u b s t a n t i a l l y   in  excess  of  twice  t h e  

peak  of  sa id   c y c l i c a l l y   varying  vo l t age   in  response   to  a  v o l t a g e  

pulse   h igher   than  the  s a t u r a t i o n   vo l t age   t h e r e o f   and  a  c i r c u i t  

a r ranged   to  connect   sa id   switch  across   sa id   input  t e r m i n a l s   i n  

one  p o l a r i t y   in  one  part   of  a  s t a r t i n g   cycle   to  pass  p r e h e a t i n g  

c u r r e n t   t h rough   said  cathodes  and  to  connect   said  switch  in  t h e  

o p p o s i t e   p o l a r i t y   and  in  s e r i e s   with  sa id   vo l t age   dependen t  

c a p a c i t o r   in  ano ther   part   of  said  s t a r t i n g   cycle  to  provide  an 



i g n i t i o n   v o l t a g e   pulse  across   s a id   l amp .  

The  c i r c u i t   a r ranged  to  connect   said  switch  ac ross   s a i d  

input   t e r m i n a l s   may  be  a  diode  s t e e r i n g   c i r c u i t .  

C i r c u i t   e lements   may  be  i n t r o d u c e d   in to   the  path  i n c l u d i n g  

the  v o l t a g e   dependent  c a p a c i t o r   to  vary  i t s   o p e r a t i o n .  

Such  e lements   inc lude   means  to  prevent   the  v o l t a g e  

dependent   c a p a c i t o r   charging  u n t i l   a  p r ede t e rmined   vo l t age   h a s  

been  reached  or  means  for  damping  a  pulse  of  one  p o l a r i t y  

r e s u l t i n g   from  s a t u r a t i o n .  

The  semiconduc to r   switch  may  be  a  s e l f   t r i g g e r i n g   b r e a k b a c k  

dev ice ,   o the rwise   a  t r i g g e r   c i r c u i t   wi l l   be  i n c l u d e d .  

A  c i r c u i t   may  be  provided  to  make  the  t r i g g e r   c i r c u i t  

r e s p o n s i v e   to  the  c y c l i c a l l y   va ry ing   vo l t age   s e l e c t i v e l y   i n  

p r e f e r e n c e   to  shor t   du ra t i on   v o l t a g e   pulses   thereby   b e i n g  

s u i t a b l e   for   s t a r t i n g   lamps  e x h i b i t i n g   high  r e - i g n i t i o n  

v o l t a g e s ,   for  example  T8  Krypton  f i l l e d   l a m p s .  

The  c i r c u i t s   are  p r e f e r a b l y   a r ranged   to  reduce  or  p r e v e n t  

s t r e s s i n g   of  the  vol tage   dependent  c a p a c i t o r   when  the  lamp  i s  

runn ing .   - 
P r e f e r a b l y   the  s t a r t e r   i n c l u d e s   a  c i r c u i t   r e q u i r i n g   a 

p r o g r e s s i v e l y   i n c r e a s i n g   t r i g g e r   vo l t age   and  thereby  p r o v i d i n g  

p r o g r e s s i v e l y   d e c r e a s i n g   preheat   cu r r en t   pu l se s .   The  c i r c u i t  

may  be  a r ranged   to  provide  i g n i t i o n   pulses   of  p r o g r e s s i v e l y  

i n c r e a s i n g   magni tude ,   at  l e a s t   a f t e r   a  p rede te rmined   p o r t i o n   o f  

a  s t a r t i n g   per iod   and  up  to  the  end  of  a  second  p r e d e t e r m i n e d  

p o r t i o n .  

In  order  tha t   the  i n v e n t i o n   may  be  c l e a r l y   unders tood   and 

r e a d i l y   c a r r i e d   into  e f f e c t   i t   wi l l   now  be  desc r ibed   by  way  o f  

example  with  r e f e r e n c e   to  the  accompanying  drawings  of  which:  

Figure  1  shows  the  charge  v.  vo l tage   c h a r a c t e r i s t i c   of  a 

vo l t age   dependent  c apac i to r   as  d e s c r i b e d   h e r e i n b e f o r e ,  

Figure  2  shows  the  e f f ec t   on  the  c h a r a c t e r i s t i c   of  Figure  1 

of  r educ ing   the  negat ive   bias  app l i ed   t h e r e t o   as  d e s c r i b e d  

h e r e i n b e f o r e ,  

Figure  3  shows  the  basic  c i r c u i t   of  the  present   i n v e n t i o n ,  



F i g u r e  4   shows  a  p r a c t i c a l   form  of  the  c i r c u i t   of  F igure   3, 

F igure   5  shows  an  improved  c i r c u i t   capable   o f  

s a t i s f a c t o r i l y   s t a r t i n g   lamps  with  h i g h - r e i g n i t i o n   v o l t a g e s ,  

F igure   6  shows  a  c i r c u i t   i n c o r p o r a t i n g   a  p r o g r e s s i v e  

t r i g g e r ,  

F i g u r e s   7a,  7b  and  7c  show  the  e f f e c t   of  the  value  o f  

r e s i s t o r   R1  in  Figure  6  on  the  lamp  s t a r t i n g   v o l t a g e   e n v e l o p e ,  

F i g u r e   8  shows  a  v e r s i o n   of  the  c i r c u i t   of  F igure   6  more 

s u i t a b l e   for  p r o d u c t i o n   p u r p o s e s ,  

F igu re   9  shows  c u r r e n t   and  vo l t age   waveforms  for  t h e  

c i r c u i t   of  F igure   8,  and  

F igure   10  shows  a  v e r s i o n   of  the  c i r c u i t   of  F igure   8 

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

The  p r e s e n t   i n v e n t i o n   p rov ides   s t a r t e r   c i r c u i t s   which  a r e  

b e l i e v e d   to  be  more  e f f i c i e n t   than  p r io r   art   c i r c u i t s   and 

a d v a n t a g e o u s   at  l e a s t   by  p r o v i d i n g   the  c a p a b i l i t y   of  p r o v i s i o n  

of  more  advanced  f e a t u r e s .   In  i t s   s imp le s t   form  the  c i r c u i t   o f  

the  i n v e n t i o n   uses  the  r e a l i s a t i o n   tha t   in  p r io r   ar t   c i r c u i t s ,  

in  which  the  d i s a d v a n t a g e s   due  to  flows  o f - c h a r g i n g   and  

- d i s c h a r g i n g   c u r r e n t s   through  a  vo l t age   dependent  c a p a c i t o r   have 

been  r e c o g n i s e d ,   for  example  European  Pa ten t   A p p l i c a t i o n   0  048 

137,  page  11,  the  s o l u t i o n   has  invo lved   the  p r o v i s i o n   of  two 

s e m i c o n d u c t o r   swi tches   with  consequent   i n c r e a s e   in  c o m p l e x i t y  

and  expense .   The  two  swi t ches   are  per forming  d i f f e r e n t  

f u n c t i o n s   but  at  d i f f e r e n t   s t a g e s   in  the  o p e r a t i o n   of  t h e  

c i r c u i t .   On  tha t   bas i s   we  have  now  devised  an  a r r a n g e m e n t  

us ing   diode  s t e e r i n g   in  c o n j u n c t i o n   with  a  s u i t a b l e   r e l a t i o n s h i p  

between  a  s i n g l e   s emiconduc to r   swi tch   and  the  vo l t age   dependen t  

c a p a c i t o r ,   to  ach ieve   the  d e s i r e d   r e s u l t .  

The  c i r c u i t   is  shown  in  a  s i m p l i f i e d   form  in  F igure   3  i n  

which  i t   is  a s s o c i a t e d   with  a  f l u o r e s c e n t   lamp  1,  which  may  be  a 

T12  lamp,  of  the  hot  cathode  type  having  two  cathodes  2  and  3. 

One  s ide   2a  of  cathode  2  is  connected   to  one  t e r m i n a l   4  of  a 

mains  supply   through  an  i n d u c t o r   or  choke  b a l l a s t   5  and  one 

s ide ,   3a,  of  the  other   cathode  is  connected  d i r e c t l y   to  t h e  



other   t e rmina l   6  of  the  mains  supply .   The  s t a r t e r   c i r c u i t   i s  

connected  across   the  o ther   t e r m i n a l s   2b  and  3b  of  t h e  

ca thodes .   The  c i r c u i t   comprises   a  s e r i e s   connec t ion   of  a  d i o d e  

D,  and  a  vo l tage   dependent  c a p a c i t o r   Cy,  in  p a r a l l e l   w i t h  
two  diodes  D2  and  D3 in  s e r i e s   o p p o s i t i o n .   Connec t ed  
between  the  j u n c t i o n   of  the  diode  D1  and  CV  and  the  j u n c t i o n  
between  the  two  diodes  D2  and  D 3  i s  a   u n i d i r e c t i o n a l   s w i t c h  
S  having  in  p a r a l l e l   t h e r e w i t h   a  t r i g g e r   c i r c u i t   7.  It  wi l l   be 

a p p r e c i a t e d   tha t   in  any  p r a c t i c a l   c i r c u i t ,   switch  S  wi l l   be  a  

semiconduc to r   switch  and  c i r c u i t   7,  which  w i l l   be  de sc r i bed   i n  

more  d e t a i l   with  r e f e r e n c e   to  l a t e r   F i g u r e s ,   is  for  o p e r a t i o n   o f  

the  swi tch .   The  i n v e n t i o n   does,  however,  also  embrace  the  u s e  

of  a  s e l f - t r i g g e r i n g   break  back  device  for  which  a  t r i g g e r  

c i r c u i t   is  not  r e q u i r e d .   The  diodes  D1  to  D3  comprise  a  

diode  s t e e r i n g   arrangement   which  allows  the  switch  S  to  p r o v i d e  

the  f u n c t i o n s   in  r e l a t i o n   to  c a p a c i t o r   CV  and  the  lamp  1, 

performed  in  p r ior   art   c i r c u i t s   by  two  d i f f e r e n t   s w i t c h e s .  

Cons ide r ing   the  o p e r a t i o n   of  t h i s   c i r c u i t ,   when  the  s w i t c h  

S  is  off ,   the  vo l tage   VCV  across   capac i tor -CV  is  zero  and  i t  
is  charged  to  some  p o s i t i v e   l e v e l .   With  the  mains  v o l t a g e  

r i s i n g   from  zero  the  Diode D1  is  forward  b iassed   to  conduc t  

and  CV  is  the  main  load  on  the  choke  b a l l a s t   5.  The  lamp 

v o l t a g e   Vlamp  is  r i s i n g   with  the  mains  and  VCV  is  s i m i l a r l y  

r i s i n g ,   the  c a p a c i t o r   cha rg ing   at  the  same  time.  Current   a l s o  

flows  through  the  t r i g g e r   path  via  D2,  but  D3  is  r e v e r s e  
b i a s sed   and  is  o f f .  

There  are  two  p r i n c i p a l   modes  for  t r i g g e r i n g   of  switch  S.  

The  f i r s t   is  for  i t   to  be  t r i g g e r e d   on  before  VCV  r e a c h e s  

VCS (the  s a t u r a t i o n   v o l t a g e ) .   The  second,   which  a p p l i e s   to  a 
c i r c u i t   such  as  Figure  3  in  which  the re   are  no  elements  i n  

s e r i e s   with  c a p a c i t o r   Cv,  is  tha t   VCV  reaches   VCS  before   S 

has  t r i g g e r e d   whereupon  i t s   impedance  r i s e s   and  VCV  is  t h e  

cause  of  S  being  t r i g g e r e d   o n .  

I t   should  be  noted  tha t   the  c i r c u i t   allows  scope  f o r  

i n t r o d u c i n g   elements  in  the  CV  path  to  vary  the  o p e r a t i o n .  



For  example  means  can  be  used  to  prevent   CV  cha rg ing   u n t i l   a  

p r e d e t e r m i n e d   v o l t a g e   has  been  r eached ,   for  example  by  a  z e n e r  

d iode .   Or  an  element  such  as  a  r e s i s t o r   may  be  used  t o  

i n f l u e n c e   the  cha rg ing   of  Cv  and  hence  the  degree  o f  

s a t u r a t i o n   a c h i e v e d   at  a  given  app l i ed   v o l t a g e .   The  i n c l u s i o n  

of  such  a  r e s i s t o r   may  a lso   reduce  the  choke  d i / d t   and  hence  t h e  

magni tude  of  any  p o s i t i v e   pulse  r e s u l t i n g   from  the  s a t u r a t i o n  

vo l t age   being  r e a c h e d .   This  may  be  a s s o c i a t e d   with  a  d i o d e  

poled  to  shunt  i t   when  an  i g n i t i o n   pulse   is  p r o v i d e d .  

When  swi tch   S  is  t r i g g e r e d   on,  CV  is  d i s cha rged   via  S  and 

D2  to  zero.   In  p r a c t i c e   r e s i s t a n c e   may  be  i n c l u d e d   t o  

c o n t r o l   the  maximum  d i scha rge   c u r r e n t .   P rehea t   c u r r e n t   f l o w s  

through  the  choke  5,  D1,  S  and  D2  and,  of  course ,   a l s o  

through  the  lamp  cathodes  p rov id ing   des i r ed   p r e h e a t i n g  

t h e r e o f .   The  vo l t age   across  the  choke  is  a p p r o x i m a t e l y   t h e  

mains  vo l t age   and  the  hea t i ng   cu r r en t   LH  lags  tha t   v o l t a g e .  

The  c i r c u i t   is  a r ranged   so  tha t   the  choke  s a t u r a t e s   so  t ha t   t h e  

c u r r e n t ,   a l t hough   i n i t i a l l y   s i n u s o i d a l ,   is  i n c r e a s e d   at  t h e  

peak.  When  the  c u r r e n t   iH  reduces  to  app rox ima te ly   zero  t h e  

s w i t c h   S  commutates  and  swi tches   off .   At  t h i s   s t a g e ,   as  t h e  

switch  opens,   the  magnitude  of  the  vo l tage   across  the  s w i t c h  

r i s e s   towards  a  t h e o r e t i c a l   maximum  (depending  on  the  'Q '  

f a c t o r )   of  peak  mains  vo l t age ,   the  a scend ing   pulse  b e i n g  

c h a r a c t e r i s t i c   of  the  r i ng ing   of  the  choke  induc tance   (L)  w i t h  

s t r a y   c i r c u i t   c a p a c i t a n c e   (CS)  in  the  system.  S i m u l t a n e o u s l y  
the  vo l tage   across   the  lamp  f a l l s   from  zero  towards  minus  t w i c e  

peak mains  v o l t a g e   (again  depending  on  'Q')  and  D,  and  D2 
are  b iassed   o f f .  

However  with  the  r eve r se   of  the  vo l t age   across   the  lamp 

D3  has  been  b i a s s e d   on.  The  r i s i n g   vo l t age   across  switch  S 

causes  the  switch  to  be  t r i g g e r e d   on  again  and  CV  appears  i n  

p a r a l l e l   with  the  s t r a y   c a p a c i t a n c e s   CS.  VCV  goes  n e g a t i v e  
as  cur ren t   t r a n s f e r s   from  CS  to  CY.  VCV  is  then  c a r r i e d  

to  the  s a t u r a t i o n   v o l t a g e  -   VCS.  If   Cv  has  only  f a l l e n  

from  zero  the  change  in  c a p a c i t a n c e   wi l l   be  r e l a t i v e l y   small  ( c f  



Figure   2)  and a   small   pulse  wi l l   occur.   However  if  CV  h a s  
been  to  +  VCS  or  more  and  back  through  zero,   the  value  of  Cv 
wil l   f a l l   s h a r p l y   and  c o r r e s p o n d i n g l y   s h a r p l y   reduce  the  c u r r e n t  

through  the  choke.  The  cu r ren t   f a l l   in  the  choke  and  CV  t h e n  

gene ra t e s   a  l a rge   n e g a t i v e   vol tage   pu l se ,   very  much  g r e a t e r   t h a n  

twice  peak  mains,   which  provides   an  i g n i t i o n   pulse  for  t h e  

lamp.  T h e r e a f t e r   the  f a l l   in  cu r ren t   th rough  the  switch  c a u s e s  
i t   to  commutate  again  when  VCV  reaches  the  peak  nega t ive   p u l s e  
v o l t a g e .   As  the  lamp  vo l t age   r i s e s   towards  zero,   Cv 
d i s c h a r g e s   via  diode  Dl  such  tha t   VCV  is  s u b s t a n t i a l l y   e q u a l  
to  the  vo l tage   across   the  lamp.  When  the  lamp  vo l tage   p a s s e s  

through  zero,   diode  D1  con t inues   to  be  forward  b i a s s e d ,   CV 
charges  and  the  cycle   r e p e a t s .  

I t   wi l l   be  seen  from  th is   account  tha t   the  switch  S  ha s  

been  arranged  to  perform  the  two  f u n c t i o n s   of  pass ing   t h e  

p rehea t   cu r ren t   for  one  p o l a r i t y   and  pass ing   the  i g n i t i o n   p u l s e  

with  the  oppos i t e   p o l a r i t y   at  the  lamp  but  c u r r e n t   flow  being  i n  

the  same  d i r e c t i o n   at  the  switch  and  t r i g g e r   c i r c u i t .  

To  prevent   r e - t r i g g e r i n g   when  the  lamp  is  running  a  h i g h  

t r i g g e r   vo l tage   is  n e c e s s a r y .   Since  the  s a t u r a t i o n   vo l tage   o f  

CV  is  t y p i c a l l y   50V  then,   for  the  basic  c i r c u i t   of  Figure   3, 

VCV  wi l l   i n v a r i a b l y   reach  +VCS  before  the  switch  t r i g g e r  
vo l tage   is  reached.   Thus  assuming  -VCS  has  p r e v i o u s l y   been  

exceeded,   the  r e s u l t i n g   p o s i t i v e   pulse  wi l l   cause  the  switch  S 

to  be  t r i g g e r e d   whereupon  the  pulse  is  immedia te ly   t r u n c a t e d   v i a  

D1. 

Since  the re   is  f u l l   p o s i t i v e   s a t u r a t i o n   of  Cv  a  maximum 

nega t ive   i g n i t i o n   pulse  wi l l   be  r e a l i s e d .  

If   the  i g n i t i o n   pulse  s t a r t s   the  lamp  the  c i r c u i t   is  s t i l l  

r equ i r ed   to  ope ra t e   in  the  running  mode  in  which  r e - i g n i t i o n  

pulses   occur  on  each  mains  cycle .   As  has  been  pointed  out  i n  

the  pr ior   art   i t   is  u n d e s i r a b l e   for  the  vo l tage   dependen t  

c a p a c i t o r   to  be  s t r e s s e d   during  lamp  r u n n i n g .  

With  the  c i r c u i t   of  Figure  3,  the  n e g a t i v e   lamp  r u n n i n g  

vo l tage   is  p revented   from  charging  CV  towards  VCS  by  t h e  



open  c i r c u i t   swi tch   S  ( i f   i t   is  i n s u f f i c i e n t   to  t r i g g e r   i t ) .  

C o n s e q u e n t l y ,   s i nce   Cv  does  not  in  these   c i r c u m s t a n c e s   become 

n e g a t i v e l y   b i a s s e d ,   p o s i t i v e   lamp  v o l t a g e s ,   a l though  e x c e e d i n g  

+  VCS,  cannot   cause  s t r e s s i n g   in  view  of  the  h y s t e r e s i s   e f f e c t .  

A  c r i t i c a l   c o n s i d e r a t i o n   in  the  p reced ing   paragraph   is  t h a t  

the  n e g a t i v e   r e i g n i t i o n   pulses  are  i n s u f f i c i e n t   to  t r i g g e r   t h e  

s w i t c h   S.  This  is  not  s a t i s f i e d   for  many  lamps  by  the  c i r c u i t  

of  F igu re   3  when  a  s imple  f ixed  vo l t age   t r i g g e r   c i r c u i t   i s  

e m p l o y e d .  

I t   has  been  s t a t e d   h e r e i n b e f o r e   tha t   when  +VCS  i s  

r e a c h e d ,   the  sw i t ch   S  t r i g g e r s   (due  to  p o s i t i v e   p u l s e  

p r o d u c t i o n )   and  conduc t ion   via  diode  D1  t r u n c a t e s   the  r e s u l t i n g  

pu l se .   This  c o n d i t i o n ,   however,  p r e v a i l s   only  during  t h e  

s t a r t i n g   c y c l e .   I f ,   for  example,  the  lamp  s t r i k e s   on  a  g i v e n  

n e g a t i v e   i g n i t i o n   pulse   then ,   on  the  next  p o s i t i v e   ha l f   c y c l e ,  

+VCS  wi l l   be  exceeded  but  the  r e s u l t i n g   pulse   is  a t t e n u a t e d   by 

the  r e l a t i v e l y   low  impedance  of  the  i o n i z e d   lamp.  Some 

i n c r e a s e   in  peak  p o s i t i v e   lamp  vo l t age   may be  observed  a l t h o u g h  

the  t r i g g e r   c i r c u i t   would  normally  be  a d j u s t e d   such  tha t   t h e  

t r i g g e r   v o l t a g e   exceeds  th i s   value  and  thus  no  p o s i t i v e  

t r i g g e r i n g   of  sw i t ch   S  would  o c c u r .  

This  v o l t a g e   is  then  super imposed  on  the  next  nega t ive   h a l f  

cyc le   lamp  v o l t a g e   p re sen ted   to  the  t r i g g e r   c i r c u i t   r e s u l t i n g   i n  

a  cumula t ive   v o l t a g e   approaching   twice  the  lamp  peak  ( f o r  

example,   for  a  4 f t ,   40W,  T12  lamp,  about  400V).  I f ,   as  i s  

t y p i c a l   for  the  same  lamp,  the  f ixed   t r i g g e r   vo l tage   of  t h e  

t r i g g e r   c i r c u i t   is  set  to  300V,  the  switch  S  wi l l   c lose ,   -VCS 
wi l l   be  exceeded  and  a  nega t ive   pulse  produced,   the  pulse  b e i n g  

s i m i l a r l y   a t t e n u a t e d   by  the  lamp  as  b e f o r e .  

This  v o l t a g e - d o u b l i n g   c o n d i t i o n   w i l l   be  m a i n t a i n e d  

t h r o u g h o u t   the  pe r iod   of  lamp  o p e r a t i o n .  

Thus,  w h i l s t   no  cathode  hea t i ng   c u r r e n t   wi l l   flow  ( s i n c e  

t h e r e   is  no  t r i g g e r i n g   on  p o s i t i v e   ha l f   c y c l e s ) ,   the  g e n e r a l  

c i r c u i t   of  Fig.   3  (assuming  a  f ixed  vo l t age   t r i g g e r )   wi l l   n o t  

p reven t   s t r e s s i n g   of  the  VDC  where  the  peak  lamp  running  v o l t a g e  



exceeds  150V. 

( I t   should  be  noted  tha t   the  f igure   of  150V  i n c l u d e s   any  

i n c r e a s e   in  the  normal  lamp  running   vol tage  due  to  p u l s e  

p r o d u c t i o n   when  +VCS  is  exceeded  and  n e g l e c t s   the  s a f e t y  

margins  and  c i r c u i t   t o l e r a n c e s   which  are  normal ly   a p p l i e d ) .  

The  c i r c u i t   of  F igure   3  with  a  f ixed  vo l tage   t r i g g e r   i s  

t h e r e f o r e   u n s u i t a b l e   for  lamps  o ther   than  2  f t . ,   20W,  T11  and 

be low.  

On  220V  s u p p l i e s ,   the  c i r c u i t   is  even  more  i m p r a c t i c a l  

s ince  a  maximum  t r i g g e r   vo l t age   of  around  275V  would  be  r e q u i r e d  

to  ensure   o p e r a t i o n   at  the  lowest   supply  vo l tage   of  198V  RMS. 

Figure   4  shows  one  p r a c t i c a l   embodiment  of  the  c i r c u i t   o f  

F igure   3  employing  a  f ixed   vo l t age   t r i g g e r   but  i n c l u d i n g   means 

for  overcoming  the  v o l t a g e - d o u b l i n g   problem  jus t   d e s c r i b e d .   I n  

t h i s   c i r c u i t   the  u n i d i r e c t i o n a l   switch  S  is  a  s i l i c o n   c o n t r o l  

r e c t i f i e r   TH1.  The  f ixed  vo l t age   t r i g g e r   network  comprises   a  

zener  diode  ZD1  and  a  r e s i s t o r   R2  in  conven t iona l   manner  and 

TH1  is  shunted  by  a  r e s i s t o r   R3.  In  s e r i e s   with  CV  t h e r e  
i s  a   diode  D4  and  and  r e s i s t o r   R1  in  p a r a l l e l   with  e a c h  
o the r .   B a s i c a l l y   the  o p e r a t i o n   is  the  same  as  tha t   d e s c r i b e d  

with  r e f e r e n c e   to  F igure   3.  The  r e s i s t o r   R1  is  however  o f  

s u f f i c i e n t   value  to  allow  VCV  to  be   c a r r i e d   above  +  VCS 
wi thout   p roducing   a  s i g n i f i c a n t   p o s i t i v e   pulse  as  i n d i c a t e d  

h e r e i n b e f o r e   to  be  an  op t ion .   R1  has  a  damping  e f f e c t   on  any 

CV  c u r r e n t   a t t e n u a t i o n   thus  reducing   the  r e s u l t i n g   p u l s e .  

During  n e g a t i v e   i g n i t i o n   pulse  p roduc t ion   D4  p rov ides   a  low 

impedance  path  across   R1  to  enable  a  l a r g e r   pulse  to  be 

passed.   The  nega t i ve   r i ng ing   pulse ,   in  the  b a l l a s t   and  s t r a y  

c a p a c i t a n c e s ,   is  p r e sen t ed   to  the  t r i g g e r   network  via  D4  and 

D31  caus ing   ZD1  to  t r i g g e r   TH1  in to   conduct ion .   CV 

charges  to  the  nega t ive   pulse  height   and  is  then  d i s cha rged   v i a  

D,  and  R1  as  the  pulse  f a l l s   and  the  r i ng ing   c u r r e n t  

r e v e r s e s .  

When  the  lamp  has  s t a r t e d ,   if  r e i g n i t i o n   pulses   are  l e s s  

than  the  breakdown  vol tage   VZ,  of  ZD1  no  switch  t r i g g e r i n g  



occu r s .   As  a  r e s u l t   of  i n t r o d u c i n g   the  r e s i s t o r   R1  t h e  

c a p a c i t o r   Cv  is  charged  to  l e s s   than  the  p o s i t i v e   peak  lamp 

r u n n i n g   v o l t a g e .   Hence  the  cumula t ive   vo l t age   a p p l i e d   to  t h e  

t r i g g e r   c i r c u i t   dur ing   runn ing   is  now  c o n s i d e r a b l y   l e s s   t h a n  

twice  the  peak  lamp  runn ing   v o l t a g e   and  TH1  does  not  t r i g g e r .  

Now  because  only  p o s i t i v e   r e i g n i t i o n   pulses   are  a p p l i e d   to  CV 

s t r e s s i n g   does  not  occur .   R e s i s t o r   R3  is  i n c l u d e d   ac ross   TH1 
to  ensure   t h a t   on  lamp  s t a r t i n g ,   p o s i t i v e   cycle   cha rg ing   of  CV 
v ia   D,  and  R,  can  be  d i s c h a r g e d   via  D4,  R3  and  D2. 

In  the  d e s c r i p t i o n   of  the  s t a r t i n g   cycles   of  F igures   3  and 

4  i t   has  been  assumed  t h a t   the  swi tch   S  commutates ,   as  p r e h e a t  

c u r r e n t   r e t u r n s   to  zero,   and  suppo r t s   the  subsequen t   r i n g i n g  

v o l t a g e .   For  s t a n d a r d   t h y r i s t o r s   with  slower  r e s p o n s e ,   TH1  may 

not  commutate  and  in  t h a t   case  Cv  r e c e i v e s   the  choke  c u r r e n t  

immed ia t e ly   i t   r e v e r s e s   t h rough   TH1.  Thus  i t   is  not  n e c e s s a r y  

to  r e t r i g g e r   TH1  on  again   dur ing   i g n i t i o n   pulse   p r o d u c t i o n .  

The  c i r c u i t   of  F igure   3  in  i t s   p r a c t i c a l   form  as  shown  i n  

F i g u r e  4   is  s u i t a b l e   for  s t a r t i n g   many  d i s c h a r g e   ( f l u o r e s c e n t )  

lamps,  in  p a r t i c u l a r   the  well   known  T12  argon  f i l l e d   l amp.  

However  a  f l u o r e s c e n t   lamp  now  en joying   i n c r e a s i n g   use  is  the  T8 

Krypton  f i l l e d   lamp  which  has  a  h igher   i g n i t i o n   v o l t a g e   t h a n  

e a r l i e r   lamps.  In  genera l   the  c i r c u i t   of  F igu re   4  is  n o t  

s u i t a b l e   for  s t a r t i n g   lamps  such  as  T8  Krypton  f i l l e d   lamps 

having  high  r e i g n i t i o n   v o l t a g e s .  

The  c i r c u i t   of  F igure   4  provides   a  s o l u t i o n   to  the  v o l t a g e  

doub l ing   problem  in  f i xed   v o l t a g e   t r i g g e r   c i r c u i t s   as  d e s c r i b e d  

h e r e i n b e f o r e  .   However,  even  if   the  e f f e c t   can  be  c o m p l e t e l y  

e l i m i n a t e d ,   the  r e l a t i v e l y   low  f ixed   t r i g g e r   vo l t age   r enders   t h e  

c i r c u i t   u n s u i t a b l e   for  lamps  having  r e i g n i t i o n   v o l t a g e s  

a p p r o a c h i n g   300V  on  240  RMS  s u p p l i e s   (or  275V  on  220V 

s u p p l i e s ) .   With  such  lamps,  not  only  would  the  VDC  CV  be 
s t r e s s e d   but  cathode  h e a t i n g   would  con t inue   to  flow  due  t o  

t r i g g e r i n g   of  the  switch  S  on  p o s i t i v e   ha l f   cycles   of  the  lamp 

runn ing   wave fo rm.  

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



Figure   5  shows  a  f u r t h e r   development  of  the  c i r c u i t   of  t h i s  

i n v e n t i o n   which  overcomes  t h i s   problem  and  is  t h e r e f o r e   s u i t a b l e  

for  T8  Krypton  f i l l e d   lamps.  The  t r i g g e r   network  of  Figure   4 

is  r e p l a c e d   with  the  network  of  Diac  DS,  r e s i s t o r   R2  and 
c a p a c i t o r   C1  and  r e s i s t o r s   R3  and  D4.  This  is  in  fact   a  
known  type  of  RC  delayed  t h y r i s t o r   switch  c i r c u i t   which  in  t h i s  

a r r angement   d i s c r i m i n a t e s   a g a i n s t   the  shor t   du ra t i on   l a r g e  

r e - i g n i t i o n   pu l ses .   R e s i s t o r s   R3  and  R4  serve  in  place  o f  

R3  in  F igure   4  to  d i scharge   Cy.  The  use  of  a  diac  t r i g g e r ,  
however,  r e q u i r e s   some  means  for  s u p p r e s s i n g   p o s i t i v e   pulses  t o  

p r o t e c t   the  swi t ch ing   device  and  r e s i s t o r   R1  is  i nc luded   f o r  

t ha t   p u r p o s e .  

F igure   6  r e p r e s e n t s   a  f u r t h e r   development  which  i s  

p r e f e r r e d   to  that   of  Figure  5  s ince   i t   i nc ludes   a  p r o g r e s s i v e  

t r i g g e r   switch  of  the  type  d e s c r i b e d   and  claimed  in  B r i t i s h  

Pa t en t   No. 1  602  456  which  p rov ides   a  p r o g r e s s i v e l y   i n c r e a s i n g  

t r i g g e r   vo l tage   and  d i s c o n t i n u a t i o n   of  t r i g g e r i n g   i f   the  lamp 

does  not  s t a r t ,   as  desc r ibed   in  t h a t   P a t e n t :   This  f e a t u r e  

ensures   tha t   the  VDC  is  not  c o n t i n u a l l y   s t r e s s e d   if  the  lamp 

does  not  s t a r t .  

Figure   7a  shows  the  envelope  of  the  lamp  vo l tage   waveform 

when  a t t e m p t i n g   to  s t a r t   a  lamp  using  the  p r o g r e s s i v e   t r i g g e r   o f  

B r i t i s h   Pa ten t   No.  1  602  456  and  in  fac t   c o r r e s p o n d s  

s u b s t a n t i a l l y   to  Figure  5a  of  tha t   p a t e n t .   It  wi l l   be  s e e n  

tha t   the  p o s i t i v e   envelope  is  r i s i n g   past   the  point  at  which  t h e  

lamp  would  normally  s t r i k e ,   to  a  maximum  at  the  point  at  which  

the  switch  ceases  to  t r i g g e r ,   t h i s   r i s e   corresponds   to  the  r i s e  

in  the  t r i g g e r   vol tage   as  the  charge  on  c a p a c i t o r   C1  (Figure  6) 

i n c r e a s e s   up  to  i g n i t i o n .   The  nega t i ve   vo l tage   envelope,   which  

is  the  envelope  of  the  i g n i t i o n   pulses   t hemse lves ,   is  o f  

c o n s t a n t   ampli tude  un t i l   i g n i t i o n   occurs  or  un t i l   the  s w i t c h  

ceases  to  t r i g g e r .  

I t   has,  however,  now  been  r e a l i s e d   tha t   t h i s   i n v e n t i o n  

allows  a  p r o g r e s s i o n   of  the  ampl i tude   of  the  i g n i t i o n   p u l s e s  

t hemse lves .   This  is  achieved  by  an  a p p r o p r i a t e   s e l e c t i o n   o f  



the  value  of  R1.  I t   has  been  noted  in  r e l a t i o n   to  F igures   4 

and  5  t h a t   R  c o n t r o l s   the  charg ing   of  Cy  du r ing   s t a r t i n g  

(and  a lso  reduces   s t r e s s i n g   in  the  run  mode).  In  t h e  

a r rangement   of  F igure   6,  R1  can  be  s e l e c t e d   to  con t ro l   Cy 
cha rg ing   so  t h a t   the  r a t i o   of  CVH  to  CVL  is  g r a d u a l l y  
i n c r e a s e d .   Thus  if  the  p o s i t i v e   t r i g g e r   l e v e l   at  the  c a t h o d e  

of  D1  p r o g r e s s i v e l y   i n c r e a s e s ,   the  p o s i t i v e   v o l t a g e   a c r o s s  

CV  over  R1  a l so   p r o g r e s s i v e l y   i n c r e a s e s ,   for  example  from 

below  +  VCS  to  above  +  VCS.  As  Cy  is  c a r r i e d  

p r o g r e s s i v e l y   towards  and  in to   p o s i t i v e   s a t u r a t i o n   the  Cv 

n e g a t i v e   pulse  ampl i tude   p r o g r e s s i v e l y   i n c r e a s e s   due  to  t h e  

h y s t e r e s i s   e f f e c t .  

The  value  of  R1  must  be  low  enough  to  ensure   tha t   i g n i t i o n  

pulses   of  s u f f i c i e n t   magnitude  are  u l t i m a t e l y   produced  and  h i g h  

enough  t o  

(i)   reduce  the  p o s i t i v e   pulse  ampl i tude   to  w i t h i n   the  s w i t c h i n g  

device  c a p a b i l i t y ;  

and  

( i i )   reduce  the  r a t e   of  i n c r e a s e   of  i g n i t i o n   pulses   to  p r e v e n t  

"cold  s t a r t i n g "   ( i . e .   lamp  i o n i z a t i o n   before   c a t h o d e  

emiss ion   t e m p e r a t u r e   is  r e a c h e d ) .  

A  c a r e f u l   compromise  is  t h e r e f o r e   n e c e s s a r y ,   but  the  c h o i c e  

wi l l   provide  no  problem  to  a  p r a c t i c a l   c i r c u i t   engineer   in  view 

of  the  values   of  other   c i r c u i t   e l e m e n t s .  

For  low  va lues   of  R1  the  envelope  wi l l   be  the  same  as  
t ha t   of  Pa t en t   No.  1  602  456  and  as  shown  in  Figure   7 a .  

I f   R1  is   i n c r e a s e d   the  envelope  w i l l   become  tha t   o f  

Figure   7b  in  which  the  nega t ive   pulse  ampl i tude   s t a r t s   low  b u t  

i n c r e a s e s   to  maximum  before  i g n i t i o n .  

Fu r the r   i n c r e a s i n g   R1  gives  the  envelope  of  F igure   7C 
which  p rov ides   the  best  v i sua l   lamp  s t a r t   by  de lay ing   t h e  

a p p l i c a t i o n   of  the  high  nega t ive   vo l t age   pulse  u n t i l   t h e  

p r o g r e s s i o n   vo l t age   exceeds  the  lamp  r e - i g n i t i o n   vo l t age .   T h i s  

is  advantageous   as  no  lamp  i o n i s a t i o n   occurs  while  the  lamp 

cathodes   are  being  hea ted ,   and  then  the  rap id   p r o g r e s s i o n   o f  



high  n e g a t i v e   vo l t age   pulses   ensures   a  f l i c k e r - f r e e   s t a r t .  

The  envelope  of  Fig.   7c  is  a lso  p r e f e r a b l e   in  r e s p e c t   o f  

lamp  l i f e   by  r educ ing   cathode  damage  and  the  r e s u l t i n g   "end  

b l acken ing"   a s s o c i a t e d   with  lamp  i o n i z a t i o n   before   the  c a t h o d e s  

have  reached  emiss ion   t e m p e r a t u r e .  

The  c i r c u i t   of  F igure   6  does  s u f f e r   from  one  minor  d e f e c t  

in  t h a t   the  value  of  R1  r e q u i r e d   to  produce  the  p r e f e r r e d  
p r o g r e s s i o n   of  F igure   7C  is  so  l a rge   tha t   Cv  is  not  f u l l y  

p o s i t i v e l y   b i a s sed   w i th in   the  s t a r t i n g   cycle  and  maximum 

n e g a t i v e   pulses   are  not  r e a l i s e d .  

A  p r e f e r r e d   c i r c u i t   for  p roduc t i on   purposes   is  t h e r e f o r e  

tha t   shown  in  F igure   8.  The  lamp  cu r r en t   and  lamp  v o l t a g e  

waveforms  for  t h i s   c i r c u i t   are  shown  in  Figure   9  and  in  t h a t  

F igure   the  l e a d i n g   edge  of  the  nega t i ve   i g n i t i o n   pulse   i s  

c h a r a c t e r i s e d   by  the  r i n g i n g   of  the  b a l l a s t   choke  and  the  VDC  i n  

i t s   low  c a p a c i t a n c e   s t a t e   (the  VDC  is  connected  ac ross   the  lamp 
via  TH1) .  

Since  the  VDC  has  not  been  p o s i t i v e l y ' 6 i a s s e d   no  h i g h  

vo l t age   pulse  due  to  c a p a c i t a n c e   change  o c c u r s .  

A  f i r s t   par t   of  a  vo l t age   r i s e   (de te rmined   by  the  breakdown 

v o l t a g e   of  a  zener  diode  ZD2,  t y p i c a l l y   200V)  of  the  t r a i l i n g  
edge  i s ,   however,  c h a r a c t e r i s t i c   of  b a l l a s t / s t r a y   c a p a c i t a n c e  

r i n g i n g   a f t e r   which  the  VDC  begins  to  d i s c h a r g e ,   r e m a i n i n g  

clamped  at  200V  below  the  vo l t age   across   the  s t a r t e r   and  once 

more  i n f l u e n c i n g   the  pulse  s h a p e .  

In  the  region  B-C  the  high  and  i n c r e a s i n g   p o s i t i v e   t r i g g e r  

v o l t a g e s   exceed  the  breakdown  vo l t age   of  ZD2  and  are  allowed  t o  

bias  CV  p r o g r e s s i v e l y   more  p o s i t i v e ,   over  ZD2  and  R1.  T h i s  

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

with  a  s t e e p l y   r i s i n g   envelope ,   because  of  the  e f f e c t   of  t h e  

h y s t e r e s i s   as  d i scussed   h e r e i n b e f o r e .  

At  C,  Cv  is  b iassed   f u l l y   to  +  VCS  and  t h e r e f o r e   t h e  
maximum  change  of  c apac i t ance   is  achieved  to  produce  the  maximum 

nega t i ve   going  i g n i t i o n   pu l se s .   To  ensure  tha t   maximum  p u l s e s  

can  be  achieved  R,  is  a  compara t i ve ly   low  r e s i s t a n c e   v a l u e .  



T h e r e f o r e   in  the  r e g i o n   C-D  the  n e g a t i v e   i g n i t i o n   p u l s e  

ampl i tude   is  c o n s t a n t   at  i t s   maximum  value .   As  shown  in  F i g u r e  

9,  at  D  if  the  lamp  has  not  s t a r t e d ,   as  i t   would  u s u a l l y   have  

done  as  shown  by  the  i n s e t ,   then  the  c i r c u i t   ceases   to  o p e r a t e .  

In  the  r eg ion   C-D  the  vo l t age   dependent  c a p a c i t o r   CV  a l s o  

produces   p o s i t i v e   pu l se s   at  f ixed   times  (when  +  VCS  i s  

r eached)   and  c o n s e q u e n t l y   the  p rehea t   pulses   are  then  i n i t i a t e d  

at  the  same  c o n d u c t i o n   angle  and  cease  to  p r o g r e s s .  

Unless  the  lamp  s t r i k e s   the  p r o g r e s s i n g   p o s i t i v e   CV 

pulses   would  of  t h e m s e l v e s   keep  on  t r i g g e r i n g   the  swi tch   TH1 

even  though  the  breakdown  vo l t age   of  ZD1  and  the  vo l t age   on  C1 

t o g e t h e r   exceed  peak  mains .   For  t h i s   r eason   i t   would  a p p e a r  

t h a t   t he re   would  be  no  t e r m i n a t i o n   to  the  s t a r t i n g   per iod   u n t i l  

the  t r i g g e r   vo l t age   p r o g r e s s e s   above  the  peak  p o s i t i v e   p u l s e  

produced  by  the  a c t i o n   of  CV,  A  f u r t h e r   zener  diode  ZD3  i s  

t h e r e f o r e   i n c l u d e d   to  t e r m i n a t e   the  s t a r t i n g   per iod   with  ZD1 

d e t e r m i n i n g   the  i n i t i a l   t r i g g e r i n g   l e v e l .   Thus  a  c o n s t a n t  

s t a r t i n g   pe r iod   is  o b t a i n e d   independen t   of  the  mains  s u p p l y  

v o l t a g e .  

After  t e r m i n a t i o n   of  the  s t a r t i n g   per iod   the  v o l t a g e  

dependent   c a p a c i t o r   Cv  is  again  forward  b iassed   via  diode  D1 
and  c o n s e q u e n t l y   i t   p u l s e s .   The  pulse  then  o b t a i n e d   is  n o t  

l i m i t e d   by  conduc t ion   of  TH1  and  may  reach  damaging  

a m p l i t u d e s .   To  p reven t   t h i s   and  to  prevent   TH1  from  having  t o  

w i t h s t a n d   such  pulses   a  zener  diode  ZD4  is  added.  This  acts  i n  

c o n j u n c t i o n   wi th   ZD3  to  l i m i t   the  magnitude  of  pu lses   from  CV. 
At  t e r m i n a t i o n ,   assuming  the  lamp  has  f a i l e d   to  s t a r t ,   t h e  

t r i g g e r   vo l t age   has  r i s e n   to  VR4  (de f ined   by  R4C2  t i m e  

c o n s t a n t )   +VC1  +  VZD1  where  VC1  +  VZD1  =  VZD3, 
whereupon  any  subsequen t   vo l t age   p r e sen t ed   to  the  t r i g g e r  

c i r c u i t   wi l l   be  bypassed  via  ZD3.  If   t h i s   vo l t age   i s  

s u f f i c i e n t l y   high  (for  example  if   CV  p u l s e s ) ,   the  v o l t a g e  

ac ro s s   R4  wi l l   r i s e   and  u l t i m a t e l y   be  clamped  by  ZD4  t h e r e b y  

p r o t e c t i n g   TH1. 

The  vo l t age   on  Cv  is  not  l i m i t e d   to  VZD3.  When  t h e  



l a s t   p o s i t i v e   pulse  occurs   (which  is  not  a t t e n u a t e d   by 

conduc t ion   of  TH1),  the  vo l t age   on  CV  reaches   a  peak  d e f i n e d  

by  (VZD3  +  VZD4 -  V Z D 2 ) .  T h i s   vo l tage   s u b s e q u e n t l y  
d i s c h a r g e s   towards  peak  mains  vo l tage   (VZD3)  th rough   R1, 
ZD2,  D5,  R4,  ZD3,  D3  and  the  choke  on  the  next  n e g a t i v e   h a l f  

cycle   a l though   the  a c t u a l   vo l t age   a t t a i n e d   depends  e s s e n t i a l l y  

on  the  time  cons t an t   CVR4. 
The  value  of  R4  is  such  tha t   -VCS  is  not  to  be  e x c e e d e d  

and  on  the  subsequen t   p o s i t i v e   half   cyc le ,   no  pulse   is  p r o d u c e d  

and  CV  charges   to  a  vo l t age   of  +  peak  mains  v o l t a g e   (VZD2). 
This  cycle   then  con t inues   u n t i l   the  supply  is  r emoved .  

Full   pu lse   p r o d u c t i o n   is  a r ranged  to  be  de layed  (by  t h e  

choice  of  ZD2)  u n t i l   the  t r i g g e r   vol tage   has  p r o g r e s s e d   above  

the  lamp  runn ing   v o l t a g e .   The  lamp  wi l l   i n v a r i a b l y   s t a r t   on  a  

n e g a t i v e   i g n i t i o n   pulse  and  the  subsequent   p o s i t i v e   v o l t a g e  

a p p l i e d   to  the  s t a r t e r   ( tha t   is  the  lamp  running   v o l t a g e ) ,  

w h i l s t   r emain ing   below  the  t r i g g e r   v o l t a g e ,   wi l l   s t i l l   a l l o w  

+VCS  to  be   exceeded .   The  consequent   p u l s e  i s ,   h o w e v e r ,  
a t t e n u a t e d   by  the  lamp  and  TH1  is  not  t r i g g e r e d ,   the  VDC  t h e r e b y  

r ema in ing   charged  to  the  peak  lamp  running  vo l t age   minus  VZD2. 
This  v o l t a g e   is  then  super imposed  on  the  f o l l o w i n g   n e g a t i v e  

ha l f   cycle  of  the  lamp  running  vo l tage   and  p r e s e n t e d   to  t h e  

t r i g g e r   c i r c u i t .   However,  the  time  cons tan t   R4C2  p r e v e n t s  
TH1  from  being  t r i g g e r e d ,   some  charge  being  l o s t   from  the  VDC 

through  t h i s   n e t w o r k .  

Cv  is  r echarged   on  the  next  p o s i t i v e   ha l f   cycle   but  no 

pulse   is  produced  s ince   -VCS  has  not  p r e v i o u s l y   been  
exceeded.   The  cycle  wi l l   then  cont inue  t h roughou t   the  p e r i o d  

of  lamp  o p e r a t i o n .  

Thus  ZD3  and  ZD4  perform  no  f unc t i on   if   the  lamp  s t r i k e s  

before   the  end  of  the  a v a i l a b l e   s t a r t i n g   p e r i o d .  

When  the  lamp  is  running  any  p o s i t i v e   charg ing   of  CV 
dur ing  r e - i g n i t i o n   pulses   is  prevented  from  t r i g g e r i n g   TH1  by 

the  delay  C2  and  R4.  CV  is  never  n e g a t i v e l y   b i a s s e d ,  

s ince  TH1  is  always  off ,   and  consequen t ly   no  p o s i t i v e   pulse  can 



be  produced  and  n e g a t i v e   r e - i g n i t i o n   pulses   see  a  n o n - c o n d u c t i n g  

TH1. 

For  a  t y p i c a l   p r o d u c t i o n   c i r c u i t   of  the  form  shown  i n  

F igure   8,  s u i t a b l e   for  s t a r t i n g   T8  Krypton  f i l l e d   lamps,  t h e  

f o l l o w i n g   component  values   are  s u i t a b l e :  

With  t he se   values   a  t y p i c a l   s t a r t i n g   cycle  at  240  v o l t s  

50Hz  t akes   one  second  and  a  t y p i c a l   peak  nega t ive   p u l s e  

r e a c h e s   2000  v o l t s .  

I t   should   be  noted  tha t   D4  and  R6  may  be  omi t ted   but  i n  
t h a t   case  the  value  of  R1  should  be  c lose r   to  t h a t   given  above 

for  R6. 
With  r e s p e c t   to  a l l   of  the  d e s c r i p t i o n   he re in ,   r e f e r e n c e s  

to  p o s i t i v e   and  nega t i ve   vo l t ages   are  with  r e s p e c t   to  n e u t r a l  

mains  so  t h a t   a l l   of  the  c i r c u i t s   de sc r ibed   so  far  p r o d u c e  

n e g a t i v e   p u l s e s .   It   i s ,   however,  be l i eved   tha t   for  c i r c u i t s   o f  

t h i s   type  s u p e r i o r   lamp  s t a r t i n g   is  ob ta ined   from  p o s i t i v e  

i g n i t i o n   pu l se s   for  reasons   which  are  not  e n t i r e l y   u n d e r s t o o d .  

For  t h i s   reason  Figure   10  shows  a  c i r c u i t   which  is  in  a l l  

e s s e n t i a l   r e s p e c t s   the  same  as  t ha t   of  Figure   8,  and  is  s u i t a b l e  

for  s t a r t i n g   T8  Krypton  f i l l e d   lamps,  but  produces  p o s i t i v e  

i g n i t i o n   p u l s e s .   Apart  from  the  c o n v e n t i o n a l   power  f a c t o r  

c o r r e c t i o n   (PFC)  c a p a c i t o r   the  most  s t r i k i n g   d i f f e r e n c e   is  t h e  

r ep l acemen t   of  diode  D2  with  th ree   i n d i v i d u a l   d iodes .   T h i s  



i s ,   however,   a  minor  mat ter   of  c i r c u i t   des ign .   It  wi l l   be 

a p p r e c i a t e d   in  c o n s i d e r a t i o n   of  the  o p e r a t i o n   of  th is   c i r c u i t  

the  d e s c r i p t i o n ,   given  h e r e i n b e f o r e   w i l l   apply  with  a p p r o p r i a t e  

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

I t   wi l l   be  a p p r e c i a t e d   tha t   a  c i r c u i t   such  as  that   o f  

Figure   10  t akes   p r e - h e a t i n g   c u r r e n t   in  one  d i r e c t i o n   from  t h e  

mains  supply   dur ing   s t a r t i n g .   This  is  c l e a r l y   u n d e s i r a b l e  

where  many  such  s t a r t e r s   a r e  p r o v i d e d   in  one  i n s t a l l a t i o n .   The 

problem  may  be  reduced  however  i f   a  p r o p o r t i o n   of  s t a r t e r s  

( approach ing   50K  p r e f e r a b l y )   take  c u r r e n t   of  the  o p p o s i t e  

p o l a r i t y .   This  may  be  a r ranged  for  c i r c u i t s   such  as  that   o f  

Figure   10  (or  Figure  8)  by  r e v e r s i n g   the  t e rmina l   b l o c k  

c o n n e c t i o n s   so  t h a t ,   as  shown  in  F igure   10,  the  l ive   (L)  and 

n e u t r a l   (N)  t e r m i n a l s   are  r e v e r s e d .   This  has  the  e f f e c t   o f  

moving  the  b a l l a s t   choke  to  the  n e u t r a l   lead  so  tha t   t h e  

i g n i t i o n   pulse  is  s t i l l   p o s i t i v e   (F igure   10)  a l though  of  r e d u c e d  

magnitude  r e l a t i v e   to  n e u t r a l .  

Other  imp lemen ta t ions   of  t h i s   i n v e n t i o n   wi l l   be  apparent   t o  

those   s k i l l e d   in  l i g h t i n g   c i r c u i t s .  



1.  A  d i s c h a r g e   lamp  s t a r t e r   c i r c u i t   having  two  s t a r t e r   i n p u t  

t e r m i n a l s   for  c o n n e c t i n g   to  the  ca thodes   of  a  d i s c h a r g e   lamp  t o  

r ece ive   a  c y c l i c a l l y   v a r y i n g   v o l t a g e   s u p p l i e d   through  both  t h e  

lamp  cathodes  and  a  choke  b a l l a s t ,   the  s t a r t e r   c i r c u i t   i n c l u d i n g  

a  s emiconduc to r   sw i t ch ,   a  v o l t a g e   dependent  c a p a c i t o r ,   c a p a b l e  

of  p r o v i d i n g   a  v o l t a g e   pu lse   s u b s t a n t i a l l y   in  excess   of  t w i c e  

the  peak  of  sa id   c y c l i c a l l y   v a r y i n g   v o l t a g e   in  r e sponse   to  a  

vo l t age   pulse  h igher   than  the  s a t u r a t i o n   vo l t age   t h e r e o f   and  a  

c i r c u i t   a r r anged   to  connect   sa id   swi tch   across   sa id   i n p u t  

t e r m i n a l s   in  one  p o l a r i t y   in  one  par t   of  a  s t a r t i n g   cycle  t o  

pass  p r e h e a t i n g   c u r r e n t   t h rough   sa id   cathodes  and  to  connec t  

sa id   swi tch   in  the  o p p o s i t e   p o l a r i t y   and  in  s e r i e s   with  s a i d  

vo l t age   dependent  c a p a c i t o r   in  ano ther   part   of  said  s t a r t i n g  

cycle   to  p rovide   an  i g n i t i o n   vo l t age   pulse  ac ross   sa id   lamp.  

2.  A  s t a r t e r   c i r c u i t   a c c o r d i n g   to  Claim  1  in   which  the  c i r c u i t  

a r r anged   to  connect   sa id   sw i t ch   ac ross   said  input   t e r m i n a l s   is  a  

diode  s t e e r i n g   c i r c u i t .  

3.  A  s t a r t e r   c i r c u i t   a c c o r d i n g   to  e i t h e r   of  the  p r e c e d i n g  

claims  in  which  the  path  which  i n c l u d e s   the  vo l tage   dependen t  

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

dependent  c a p a c i t o r   cha rg ing   u n t i l   a  p r ede t e rmined   vol tage   ha s  

been  r e a c h e d .  

4.  A  s t a r t e r   c i r c u i t   a c c o r d i n g   to  e i t h e r   of  the  p r e c e d i n g  

claims  in  which  the  path  which  i n c l u d e s   the  vo l t age   d e p e n d e n t  

c a p a c i t o r   f u r t h e r   means  for  damping  a  pulse  of  one  p o l a r i t y  

r e s u l t i n g   from  s a t u r a t i o n .  

5.  A  s t a r t e r   c i r c u i t   a c c o r d i n g   to  any  p reced ing   claim  f u r t h e r  

i n c l u d i n g   a  t r i g g e r   c i r c u i t   for  the  semi  conductor   s w i t c h .  

6.  A  s t a r t e r   c i r c u i t   a c c o r d i n g   to  Claim  5  f u r t h e r   i n c l u d i n g   a 

c i r c u i t   a r ranged  to  cause  the  t r i g g e r   c i r c u i t   to  be  r e s p o n s i v e  

to  the  c y c l i c a l l y   va ry ing   v o l t a g e   s e l e c t i v e l y   in  p r e f e r e n c e   t o  

shor t   d u r a t i o n   vo l t age   pulses   t he reby   being  s u i t a b l e   f o r  

s t a r t i n g   lamps  e x h i b i t i n g   high  r e - i g n i t i o n   v o l t a g e s .  

7.  A  s t a r t e r   c i r c u i t   a c c o r d i n g   to  any  p reced ing   c l a i m  

i n c l u d i n g   means  a r ranged   to  reduce  or  prevent   s t r e s s i n g   of  t h e  

vo l tage   dependent  c a p a c i t o r   when  the  lamp  is  r u n n i n g .  



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

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

vo l t age   and  thereby   p rov id ing   p r o g r e s s i v e l y   d e c r e a s i n g   p r e h e a t  

c u r r e n t   p u l s e s .  

9.  A  s t a r t e r   c i r c u i t   a cco rd ing   to  any  p r eced ing   claim  a r r a n g e d  

to  provide   i g n i t i o n   pulses   of  p r o g r e s s i v e l y   i n c r e a s i n g  

magni tude ,   at  l e a s t   a f t e r   a  p r ede t e rmined   p o r t i o n   of  a  s t a r t i n g  

per iod   and  up  to  the  end  of  a  second  p r ede t e rmined   p o r t i o n .  

10.  A  s t a r t e r   c i r c u i t   a cco rd ing   to  any  p reced ing   claim  a r r a n g e d  

to  produce  p o s i t i v e   i g n i t i o n   p u l s e s .  
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