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Lamp  driver  circuits. 
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The  invention  provides  a  lamp  driver  circuit  for  discharge 
lamps,  in  particular  fluorescent  lamps.  An  inverter  (12)  receiv- 
ing  DC  provides  a  high  frequency  AC  output.  A  resonant  circuit 
includes  a  capacitor  (C25)  connected  across  the  lamp  (13)  and 
a  ballast  inductor  (L2)  in  series  with  them.  A  control  arrange- 
ment  (15,16)  causes  the  inverter  (12)  to  operate  at  a frequency 
above  the  resonant  frequency  of  the  lamp  when  initially 
switched  on.  It  is  then  caused  to  sweep  down  in  frequency 
towards  the  resonance  frequency  so  that  the  lamp  strikes  as  a 
result  of  the  magnified  voltage  applied  to  it.  After  the  lamp  has 
struck  the  frequency  drops  to  a  suitable  running  frequency.  If 
the  lamp  strikes  a  circuit  (L25,  201, 17)  controls  the  frequency 
to  limit  the  lamp  voltage.  Another  circuit  (DCT1,  203,  P1,  17') 
controls  the  lamp  frequency  for  dimming  purposes.  The  circuit 
when  operative  at  the  initial  higher  frequency  provides  heating 
current  through  the  filament  before  the  lamp  strikes  since  the 
capacitor  (C25)  shunts  the  lamp  at  such  frequency. 



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

d i s c h a r g e   lamps  and  in  p a r t i c u l a r   c i r c u i t s   for  a c t i v a t i n g  

f l u o r e s c e n t   l a m p s .  

To  avoid  c o l d - s t r i k i n g   such  a  lamp,  the  lamp  cathode  must  

be  heated   to  emiss ion   before   a  high  v o l t a g e   is  a p p l i e d   to  s t r i k e  

the  a r c .  

In  50Hz  c i r c u i t s   t h i s   has  g e n e r a l l y   been  ach ieved   by  t h e  

well  known  s w i t c h - s t a r t   c i r c u i t .  

Cold  s t r i k i n g   is  then  avoided  by  a r r a n g i n g   t ha t   the  s u p p l y  

vo l t age   is  i n a d e q u a t e   to  s t r i k e   the  arc  with  cold  c a t h o d e s .  

I n s t ead   a  gas  d i s cha rge   occurs  in  a  s t a r t e r   switch  bulb  wh ich  

hea ts   e l e c t r o d e s   t h e r e i n   c o n s i s t i n g   of  two  b i - m e t a l l i c   s t r i p s .  

These  s t r i p s   bend  toward  each  o t h e r ,   e v e n t u a l l y   comple t ing   t h e  

c i r c u i t   th rough  the  lamp  cathodes   and  caus ing   them  to  h e a t .  

The  gas  d i s c h a r g e   having  thus  been  quenched,  the  s t r i p s   cool  and 

the  c i r c u i t   opens.  Unless  the  c i r c u i t   opens  at  zero  c u r r e n t ,   a  

back-emf  is  produced  which  w i l l   s t r i k e   the  lamp.  Once  the  lamp 

has  s t r u c k ,   the  vo l t age   on  the  s t a r t e r - s w i t c h   is  too  low  t o  

b r e a k - o v e r   the  gas  so  t ha t   the  switch  remains  i n o p e r a t i v e ,  

o the rwi se   the  cycle   r e p e a t s   u n t i l   the  lamp  e i t h e r   s t r i k e s   o r  

complete   f a i l u r e   occurs .   Such  an  e l e c t r o - m e c h a n i c a l   device  h a s  

a  l i m i t e d   l i f e   and  is  not  s u i t e d   to  i n c l u s i o n   in  an  e l e c t r o n i c  



b a l l a s t .   E l e c t r o n i c   s t a r t e r   swi tches   have  emerged  r e c e n t l y   a s  

r ep l acemen t s   for  the  c o n v e n t i o n a l   ' g l o w - s t a r t e r s '   but  these   a r e  

t h y r i s t o r   c i r c u i t s   which,  at  l e a s t   at  p r e s e n t ,   wi l l   not  work 

with  the  la rge   dv/dt   c o n d i t i o n s   at  high  f r e q u e n c i e s .  

The  problem  of  p rov id ing   c o r r e c t   p r e - h e a t i n g   for  h o t  

cathode  lamps  is  such  tha t   p r io r   workers  deve lop ing   e l e c t r o n i c  

f l u o r e s c e n t   b a l l a s t s   have  concluded  tha t   i t   is  e a s i e r   to  d e v e l o p  

a  cold  cathode  lamp,  which  i t   is  hoped  may  be  cold  s t a r t e d  

wi thout   de t r imen t   to  l i f e   or  appea rance .   However,  t h i s  

i nvo lves   the  i n t r o d u c t i o n   of  a  n o n - s t a n d a r d   lamp  and  c o n s e q u e n t  

problems  of  i d e n t i f i c a t i o n   and  a v a i l a b i l i t y .  

There  are  s e v e r a l   e x i s t i n g   c i r c u i t s   which  are  ' s w i t c h l e s s '  

in  tha t   they  do  not  make  use  of  a  s t a r t e r   swi tch .   The  best  o f  

these   is  the  s e m i - r e s o n a n t   s t a r t   (SRS)  b a l l a s t   c i r c u i t .  

In  tha t   c i r c u i t   s e r i e s   resonance   p rov ides   p r e - h e a t i n g  

c u r r e n t   through  the  ca thodes   and  at  the  same  t ime,  a  h i g h  

vo l t age   ac ross   the  lamp  by  r e sonan t   m a g n i f i c a t i o n .  

If   the  system  is  set  up  c o r r e c t l y ,   the  arc  w i l l   not  s t r i k e  

u n t i l   the  cathodes  are  e m i s s i v e .   In  p r a c t i c e ,   to  c a t e r   for  low 

t e m p e r a t u r e ,   reduced  mains  vo l t age   and  worst  case  lamps,  a  

compromise  has  to  be  made  which  means  tha t   a  p r a c t i c a l   c i r c u i t  

w i l l   almost  c e r t a i n l y   cold  s t r i k e   lamps  at  room  t e m p e r a t u r e s .  

The  s w i t c h i n g   cycle  l i f e   of  lamps  in  SRS  c i r c u i t s   is  thus  a b o u t  

ha l f   tha t   for  switch  s t a r t   c i r c u i t s .  

I t   is  an  ob j ec t   of  t h i s   i n v e n t i o n   to  provide  an  a l t e r n a t i v e  

form  of  an  e l e c t r o n i c   b a l l a s t ,   for  which  the  above  d i s a d v a n t a g e s  

are  a l l e v i a t e d .  

According  to  the  i n v e n t i o n ,   t he re   is  provided  a  lamp  d r i v e r  

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

c o n v e r t e r   means  for  producing  a  DC  output   from  a  low 

f requency   AC  s u p p l y ,  

i n v e r t e r   means  for  p roduc ing   a  high  f requency   AC  o u t p u t  

from  the  DC  o u t p u t ,  

an  i n d u c t o r   and  a  c a p a c i t o r   connected  in  s e r i e s   to  r e c e i v e  

the  AC  ou tpu t ,   the  i n d u c t o r   being  a r ranged   to  act  as  an  i n d u c t i v e  

b a l l a s t   for  a  f l u o r e s c e n t   lamp  to  be  connected  across   t h e  



c a p a c i t o r ,   the  i n d u c t o r   and  c a p a c i t o r   being  chosen  to  form  a  

r e sonan t   c i r c u i t ,   and  

c o n t r o l   means  a r ranged   to  cause  the  i n v e r t e r   to  ope ra te   a t  

a  f r equency   above  the  r e s o n a n t   f r equency   of  the  r e sonan t   c i r c u i t  

when  the  lamp  d r i v e r   c i r c u i t   is  i n i t i a l l y   swi tched   on,  and  t h e n  

to  reduce  the  f requency   of  o p e r a t i o n   towards  resonance   u n t i l   t h e  

lamp  s t r i k e s .  

The  c o n v e r t e r   means  may  d e s i r a b l y   be  a r ranged   to  draw  power 

from  the  low  f requency   AC  supply  with  uni ty   power  f a c t o r .  

The  i n v e r t e r   may  a lso   comprise  a  s e r i e s   a r rangement   of  two 

s w i t c h i n g   means,  means  for  d e f i n i n g   de s i r ed   i n s t a n t s   at  which  

one  s w i t c h i n g   means  is  to  become  n o n - c o n d u c t i v e   and  the  o t h e r  

conduc t ive   and  vice  ve r s a ,   means  for  i n d i c a t i n g   when  t h e  

s w i t c h i n g   means  a c t u a l l y   become  n o n - c o n d u c t i n g ,   and  means 

r e s p o n s i v e   to  the  d e f i n i n g   and  i n d i c a t i n g   means  for  caus ing   t h e  

o ther   s w i t c h i n g   means  to  become  conduc t ive   only  when  the  s a i d  

one  s w i t c h i n g   means  is  n o n - c o n d u c t i v e   and  vice  v e r s a .  

For  a  b e t t e r   u n d e r s t a n d i n g   of  the  i n v e n t i o n , a n d   to  show  how 

i t   may  be  c a r r i e d   into  e f f e c t ,   r e f e r e n c e   wi l l   now  be  made,  by 

way  of  example,  to  the  accompanying  drawings  in  w h i c h :  

F igure   1  is  a  schemat ic   block  diagram  of  a  c i r c u i t   f o r  

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

Figure   2  is  a  schemat ic   block  diagram  of  a  c i r c u i t   f o r  

d r i v i n g   a  d i s c h a r g e   l amp,  

Figure  3  is  a  c i r c u i t   diagram  of  an  i n v e r t e r   c i r c u i t   o f  

F igure   1  or  2 ,  

F i g u r e  4   comprises   i d e a l i s e d   waveform  diagrams  i l l u s t r a t i n g  

the  o p e r a t i o n   of  the  i n v e r t e r   c i r c u i t   of  F igure   3 ,  

Figure   5A  is  a  c i r c u i t   diagram  of  f r equency   c o n t r o l   and 

o s c i l l a t o r   c i r c u i t s   of  the  f l u o r e s c e n t   lamp  c i r c u i t   of  Figure  1 

and  F igure   5B  is  a  c i r c u i t   diagram  of  f requency   c o n t r o l   and 

o s c i l l a t o r   c i r c u i t s   of  the  d i s c h a r g e   lamp  c i r c u i t   of  Figure  2 ,  

and 

Figure   6  is  a  d e t a i l e d   c i r c u i t   diagram  of  a  swi tched   mode 

power  supply   of  Figure   1  or  2 .  

R e f e r r i n g   to  f i gu re   1,  a  swi tched   mode  power  supply  11 



o p e r a t e s   to  der ive   r e a s o n a b l y   cons t an t   DC  from  an  AC  s u p p l y ,  

w h i l s t   m a i n t a i n i n g   un i ty   power  f a c t o r .   An  i n v e r t e r   12  r e c e i v e s  

the  DC  output   of  supply  11,  and  p rov ides   high  f requency   AC  to  a  

f l u o r e s c e n t   lamp  13,  via  a  DC  b lock ing   c a p a c i t o r   C23  and  a  

b a l l a s t   i nduc t ance   L2. 

A  f requency   c o n t r o l   c i r c u i t   14  c o n t r o l s   the  f requency   o f  

the  output   of  the  i n v e r t e r   12.  The  c i r c u i t   14  of  Figure  1  i s  

a r ranged   to  sweep  the  f requency   of  the  output   during  i g n i t i o n   o f  

the  lamp  13. 

As  shown  in  Figure  1,  a  c a p a c i t o r   C25  is  connected   a c r o s s  

the  lamp  13,  and  the  output   of  the  i n v e r t e r   is  connected  to  t h e  

lamp  via  the  b a l l a s t   i nduc t ance   L2  and  the  DC  b lock ing   c a p a c i t o r  

C23.  C a p a c i t o r   C25  and  i n d u c t a n c e   L2  are  chosen  to  form  a  

r e sonan t   c i r c u i t   which  r e s o n a t e s ,   in  t h i s   example,  at  l e s s   t h a n  

28KHz. 

At  i n i t i a l   sw i t ch ing   on  of  the  c i r c u i t   of  F igure   1  t h e  

f requency   c o n t r o l   c i r c u i t   is  to  set  to  ope ra te   the  i n v e r t e r   at  a  

f requency   much  h igher   than  the  r e sonan t   f r equency ,   for  example  

50KHz.  At  t h i s   high  f r e q u e n c y ,   the  c a p a c i t o r   shunts   the  lamp 

13  and  the  f i l a m e n t s   of  i t   are  h e a t e d .  

The  f requency   c o n t r o l   reduces  the  f requency   t oward  

r e s o n a n c e ,   magnifying  the  vo l t age   across   the  lamp  13  u n t i l   i t  

s t r i k e s .   When  the  lamp  s t r i k e s   the  c a p a c i t o r   C25  is  shunted  by 

the  lamp,  damping  the  r e sonance .   The  sweep  of  f requency   t h e n  

con t i nues   down  u n t i l   i t   s tops  at  a  p r e s e t   lower  o p e r a t i n g  

f r equency ,   in  t h i s   example  28KHz,  c o n s i s t e n t   with  the  r e q u i r e d  

c u r r e n t .  

Although  in  t h i s   example  the  resonance   f requency   is  l e s s  

than  the  running  f requency   i t   may  be  advantageous   for  r e s o n a n c e  

to  be  h igher   than  the  running  f requency   as  long  as  i t   is  at  a  

lower  f requency   than  tha t   at  which  the  lamp  is  expected   t o  

s t r i k e .  

If   the  lamp  f a i l s   to  s t r i k e   the  f requency   is  c o n t r o l l e d   t o  

l i m i t   the  maximum  vo l t age   and  c u r r e n t   app l i ed   to  the  lamp  t o  

keep  the  c i r c u i t   s a f e .  

Thus  the  f requency  c o n t r o l   c i r c u i t   ensures   the  lamp 



f i l a m e n t s   are  heated   before   the  lamp  s t r i k e s ,   to  help  i n c r e a s e  

lamp  l i f e ,   and  the  lamp  is  p r o t e c t e d   from  la rge   v o l t a g e s   and 

c u r r e n t s .  

The  sweep  of  f r equency ,   in  t h i s   example  from  50KHz  t o w a r d s  

28KHz,  is  caused  by  sweep  c o n t r o l   c i r c u i t   15  which  c o n t r o l s   t h e  

f requency   of  o s c i l l a t i o n   of  a  c lock  16  which  d e f i n e s   t h e  

o p e r a t i n g   f requency   of  the  i n v e r t e r .  

The  c i r c u i t   14  a l so   c o n t r o l s   the  mean  o p e r a t i n g   f r e q u e n c y  

of  the  i n v e r t e r   to  l i m i t   the  maximum  p r e - s t r i k e   vo l t age   s u p p l i e d  

to  the  lamp.  For  t h i s   purpose ,   the  c i r c u i t   14  comprises   a  

comparator   17  which  compares  a  r e f e r e n c e   vo l t age   with  a  v o l t a g e  

r e p r e s e n t i n g   the  a c t u a l   lamp  v o l t a g e   If   the  v o l t a g e  

r e p r e s e n t i n g   the  a c t u a l   lamp  v o l t a g e   exceeds  the  r e f e r e n c e   t h e  

f requency   of  the  i n v e r t e r   is  i n c r e a s e d ,   the  a c t i o n   of  the  sweep 
c o n t r o l   15  being  at  l e a s t   p a r t l y   o v e r r i d d e n ,   to  ma in t a in   t h e  

f r equency   away  from  r e s o n a n c e .   Thus  i f   the  lamp  does  n o t  

s t r i k e ,   the  lamp  v o l t a g e   is  held  at  the  maximum  safe  l e v e l  

(de f ined   by  the  r e f e r e n c e   v o l t a g e )   i n d e f i n i t e l y .  

If   the  lamp  does  s t r i k e   however,  the  f a l l   in  the  a c t u a l  

lamp  v o l t a g e   tu rns   off   the  comparator   17  and  the  f requency   sweep 
con t inues   down  to  28KHz. 

The  v o l t a g e   r e p r e s e n t i n g   the  a c t u a l   lamp  v o l t a g e   is  d e r i v e d  

from  a  secondary   winding  L2S  of  a  t r a n s f o r m e r   of  wh ich  

induc t ance   L2  forms  the  p r imary ,   by  a  f u l l   wave  r e c t i f i e r   201.  

The  r e c t i f i e r   201  is  a lso   connected   to  a  s e r i e s   r e g u l a t o r  

c i r c u i t   202  which  s u p p l i e s   smoothed  DC  (LT  +)  to  ope ra te   t h e  

o s c i l l a t o r   16,  sweep  c o n t r o l   15,  &  d r i v e r   c i r c u i t   8  of  t h e  

swi tched   mode  power  supply  11,  and  a l l   a c t i ve   c i r c u i t s   of  t h e  

c i r c u i t   of  F igure   1  which  r e q u i r e   a  low  t e n s i o n   supply  LT  +.  

In  t h i s   way  i t   is  ensured  tha t   i f   the  lamp  13  f a i l s   or  is  n o t  

connected  in  the  c i r c u i t ,   the  c i r c u i t   ceases  to  ope ra t e   b e c a u s e  

the  low  t e n s i o n   supply  is  u l t i m a t e l y   de r ived   in  dependence  upon 

power  flow  to  the  l amp .  

Figure   1  a l so   i nc ludes   an  a r rangement   for  dimming  lamp  13 

by  i n c r e a s i n g   the  source  f r e q u e n c y .   A  d i f f e r e n t i a l   c u r r e n t  

t r a n s f o r m e r   DCT1  moni tors   the  lamp  c i r c u i t   and  produces  a  



vo l t age   r e p r e s e n t a t i v e   t h e r e o f   in  a  AC  to  average  c i r c u i t   2 0 3 .  

I t   is  then  compared  with  a  vo l t age   r e f e r e n c e   ob t a ined   from  a  

dimming  c o n t r o l   p o t e n t i o m e t e r   P1  in  an  e r ro r   a m p l i f i e r  

(compara tor )   17' .   The  ou tpu t   of  17'  is  added  to  tha t   of  17  t o  

c o n t r o l   the  f r equency   s i m i l a r l y   but  to  the  d i f f e r e n t   and  

opposing  purpose  of  dimming.  I t   wi l l   be  a p p r e c i a t e d   tha t   t h i s  

method  of  dimming  is  i n s e n s i t i v e   to  changes  in  supply  v o l t a g e .  

Fu r the r   the  i n c r e a s e   in  cathode  h e a t i n g   c u r r e n t   as  the  s u p p l y  

f r equency   i n c r e a s e s   is  a lso  an  aid  to  s u c c e s s f u l   dimming  to  low 

l e v e l s .  

The  c i r c u i t   of  F igure   2  is  s i m i l a r   to  tha t   of  F igure   1 

except   t ha t   i t   i n c l u d e s   a  d i s c h a r g e   lamp  18  i n s t e a d   of  a  

f l u o r e s c e n t   lamp,  and  the  o p e r a t i n g   f requency   of  the  i n v e r t e r   i s  

swept  c o n t i n u o u s l y   to  p reven t   a c o u s t i c   r esonance   of  the  arc  i n  

the  lamp  18:  Acous t ic   r esonance   is  the  name  given  to  c o n d i t i o n s  

in  which  the  arc  moves  in  an  u n c o n t r o l l e d   manner,  and  is  h i g h l y  

u n d e s i r a b l e .   By  c o n t i n u o u s l y   sweeping  the  f r equency   o f  

o p e r a t i o n   of  the  i n v e r t e r   such  r e sonance   is  a v o i d e d .  

In  the  c i r c u i t   of  F igure   2  a  t r i a n g u l a r   f r e q u e n c y  

modu la t ing   waveform  is  de r ived   from  the  f u l l   wave  r e c t i f i e d   and 

a t t e n u a t e d   supply  by  a  l i m i t e r   20  and  an  i n t e g r a t o r   19.  The 

waveform  is  a p p l i e d   to  the  sweep  c o n t r o l   15  to  sweep  t h e  

o p e r a t i n g   f r equency   between  +  and  -   10KHz  of  normal  f r e q u e n c y  

with  a  r e p e t i t i o n   r a t e   of  100Hz. 

I t   is  p o s s i b l e   to  use  a  r e s o n a n t   s t a r t i n g   c i r c u i t   f o r  

d i s c h a r g e   lamps,  as  d e s c r i b e d   with  r e f e r e n c e   to  Figure   1  f o r  

f l u o r e s c e n t   lamps.  However  in  F igure   2,  a  known  pulse   i g n i t i o n  

c i r c u i t   35  a c t u a t e d   by  a  s t a r t - u p   c i r c u i t   21  is  used  to  i n i t i a t e  

the  d i s cha rge   lamp  18.  

This  l eaves   comparator   17  f ree   for  use  in  c o n t r o l l i n g   lamp 

power  by  a l t e r i n g   i n v e r t e r   f r equency .   Due  to  the  na tu re   o f  

high  p r e s s u r e   d i s cha rge   lamps  the re   is  no  d i r e c t   r e l a t i o n s h i p  

between  lamp  c u r r e n t   and  lamp  power,  t h e r e f o r e   s ens ing   lamp 

c u r r e n t   alone  is  of  no  use.  A  s impler   method  (the  one 

employed)  is  to  con t ro l   the  mean  d .c .   to  the  i n v e r t e r   power 

s tage   as  sensed  by  for  example  a  r e s i s t o r   RS  and  i n t e g r a t i n g  



network  33.  Since  the  i n v e r t e r   supply  vo l t age   is  a l r e a d y  

p r e - r e g u l a t e d   by  the  swi tched   mode  power  supply  11,  t h e n  

r e g u l a t i n g   the  supply  c u r r e n t   to  the  i n v e r t e r   thus  is  r e g u l a t i n g  

the  power  s u p p l i e d   to  the  i n v e r t e r   and  hence  to  the  lamp.  T h i s  

r e g u l a t i o n   is  brought  about  by  comparing  in  c i r c u i t   15  t h e  

s i g n a l   r e p r e s e n t i n g   the  i n v e r t e r   c u r r e n t   with  the  r e f e r e n c e  

value  and  app ly ing   the  r e s u l t a n t   comparison  s igna l   to  t h e  

FET2.  This  v a r i e s   the  i n v e r t e r   f r equency   and  the  r e a c t a n c e   o f  

L2  in  a d d i t i o n   to  the  v a r i a t i o n   due  to  the  con t inuous   sweep  o f  

l i m i t e r   20  and  i n t e g r a t o r   19  and  thus  supp ly ing   the  lamp  w i t h  

the  c o r r e c t   magni tude  of  c u r r e n t   to  s u s t a i n   the  de s i r ed   power .  

At  s t a r t   up  such  a  c i r c u i t   would  be  in  s a t u r a t i o n   o p e r a t i n g   t h e  

i n v e r t e r   at  the  lowest   f r equency   and  hence  the  lamp  at  t h e  

h i g h e s t   c u r r e n t   thus  caus ing   a  f a s t   run-up  of  the  lamp  to  i t s  

o p e r a t i n g   power .  

The  i n v e r t e r   12  of  F igure   1  or  2  comprises   two  s w i t c h i n g  

t r a n s i s t o r s   VT8  and  VT9  connected  in  s e r i e s ,   and  c o n t r o l l e d   by  a  

d r i v e r   and  l og i c   c i r c u i t   25.  I t   is  e s s e n t i a l   tha t   b o t h  

t r a n s i s t o r s   are  never  s i m u l t a n e o u s l y   conduc t i ve .   Each 

t r a n s i s t o r   i s ,   however,  s u b j e c t   to  charge  s t o r age   e f f e c t s  

whereby  charge  s t o r ed   in  i t   when  i t   is  conduc t ive   con t inues   t o  

flow  for  a  shor t   time  a f t e r   the  base  vo l t age   c o n t r o l l i n g   i t s  

conduc t ion   has  changed  to  tu rn   i t   o f f .   The  c i r c u i t   25  i s  

a r ranged   to  ensure  tha t   the  t r a n s i s t o r s   VT8  and  VT9  are  n e v e r  

both  s i m u l t a n e o u s l y   conduc t ive   d e s p i t e   the  v a r i a b l e   f requency   o f  

o p e r a t i o n   of  the  i n v e r t e r .  

F igure   3  shows  the  i n v e r t e r   12  and  i t s   d r i v e r   and  l o g i c  

c i r c u i t   25  in  more  d e t a i l .   The  example  shown  in  F igure   3  h a s  

two  f l u o r e s c e n t   lamps  13  connec ted   in  p a r a l l e l   ( a l though   two 

d i s c h a r g e   lamps  could  be  used)  and  two  load  i n d u c t o r s   L2  and  L2'  

connected   in  p a r a l l e l .  

The  two  load  i n d u c t o r s   are  coupled  via  the  DC  b l o c k i n g  

C a p a c i t o r   C23  to  the  cen t re   tap  of  a  s e r i e s   arrangment   of  t h e  

two  s w i t c h i n g   t r a n s i s t o r s   VT8,  and  VT9  connected  ac ross   t h e  

output   of  the  swi tched  mode  power  supply  11.  The 

c o l l e c t o r - e m i t t e r   paths  of  the  t r a n s i s t o r s   VT8  and  VT9  a r e  



shunted  by  diodes  D20  and  D21  and  the  bases  of  the  t r a n s i s t o r s  

are  connected  to  the  secondary   t r a n s f o r m e r s   T2  and  T3  a c r o s s  

which  r e s i s t o r s   R52  and  R53  are  c o n n e c t e d .  

The  pr imary  of  the  t r a n s f o r m e r   T2  is  connected  in  s e r i e s  

with  a  d r i ve r   t r a n s i s t o r   VT6  and  the  pr imary  of  t r a n s f o r m e r   T3 

is  connected  in  s e r i e s   with  a  d r i v e r   t r a n s i s t o r   VT7.  The  two 

s e r i e s   a r rangements   of  p r i m a r i e s   and  t r a n s i s t o r s   are  in  t u r n  

connected   in  p a r a l l e l   between  ground  and  a  poin t   X  which  i s  

connected  to  the  low  t e n s i o n   supply  via  a  r e s i s t o r   R48. 

P r e f e r a b l y   connec t i on   is  by  a  c i r c u i t ,   not  shown,  which  does  n o t  

connect   the  supply  when  the  lamp  has  not  s t a r t e d .  

The  bases  of  the  d r i ve r   t r a n s i s t o r s   VT6  and  VT7  a r e  

connected  by  coup l ing   c i r c u i t s   26  and  27  to  l og i c   c i r c u i t s   29 

and  30  which  c o n t r o l   t h e i r   c o n d u c t i o n .   The  c i r c u i t s   26  and  27 

conver t   the  log ic   gate  ou tpu t s   in to   a  form  s u i t a b l e   f o r  

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

The  log ic   c i r c u i t s   29  and  30  are  a r ranged   to  ensure  t h a t  

t r a n s i s t o r s   VT8  and  VT9  are  never  both  conduc t ive   at  the  same 

time  d e s p i t e   the  charge  s t o r a g e   e f f e c t s   and  t h e i r   v a r i a b l e  

f r equency   of  o p e r a t i o n .   The  c i r c u i t s   have  a  clock  input   f o r  

r e c e i v i n g   a  c lock  s i g n a l   CK  d e f i n i n g   nominal  s w i t c h i n g   times  f o r  

the  t r a n s i s t o r s   VT8  and  VT9,  and  a  f u r t h e r   input   coupled  to  t h e  

cen t r e   tap  of  the  t r a n s i s t o r s   VT8,  VT9  via  a  coup l ing   c i r c u i t   28 

to  r e ce ive   a  s i gna l   VCT  i n d i c a t i v e   of  whether  or  not  t r a n s i s t o r  

VT8  or  VT9  is  n o n - c o n d u c t i v e .   The  c i r c u i t s   29  and  30  have  

ou tpu t s   T  and  B  connected  to  the  bases  of  the  t r a n s i s t o r s   VT6 

and  VT7. 

They  implement  the  l og i c   f u n c t i o n s  

the  form  of  s i g n a l s   VCT,  CK  and  Q  being  as  shown  in  i d e a l i s e d  

form  in  Figure   4 .  

R e f e r r i n g   to  F igure   4,  assuming  t r a n s i s t o r   VT8  i s  

conduc t ive   (ON)  the  c u r r e n t   through  L2  or  L2'  r i s e s   and  t h e  

vo l t age   across   the  i n d u c t o r   L2  or  L2'  is  such  tha t   the  v o l t a g e  

at  the  cen t re   tap  CT  is  the  p o s i t i v e   p o t e n t i a l   of  t e r m i n a l   3+  o f  



the  power  supply  11,  +400  V  s a y .  

When  VT8  swi tches   off   and  assuming  VT9  is  o f f ,   the  v o l t a g e  

in  i n d u c t o r   L2  or  L2'  r e v e r s e s   t u r n i n g   on  diode  D21  and  c a u s i n g  

the  vo l t age   VCT  to  become  zero.   S i m i l a r l y ,   when  VT9  i s  

conduc t ive   and  turns   of f ,   assuming  VT8  is  o f f ,   the  v o l t a g e   VCT 

becomes  +400V  when  VT9  turns   o f f ,   because  the  p o t e n t i a l   of  t h e  

i n d u c t o r   L2  or  L2'  turns   on  diode  D20. 

Thus  the  vo l t age   at  the  cen t r e   tap  i n d i c a t e s   the  s t a t e   o f  

t r a n s i s t o r s   VT8  and  VT9. 

The  clock  s i g n a l   CK  is  as  shown  at  CK  in  F igure   4  a n d  

de f ines   the  nominal  s w i t c h i n g   times  NST  of  the  t r a n s i s t o r s   VT8 

and  VT9.  I t   is  app l i ed   to  a  b i s t a b l e   (JK  f l i p - f l o p )   w h i c h  

de r ive s   from  i t   s i g n a l s   Q  and  Q,  of  which  only  Q  is  shown  i n  

Figure   4 .  

Assuming  VT8  is  on  the  vo l t age   VCT  is  +400V,  T  is  l o g i c a l  

'1'  and  'B'  is  '0 '   and  Q  is  ' 0 ' .   When  Q  changes  from  '0 '   t o  

'1 '   i n d i c a t i n g   tha t   VT8  is  to  turn   o f f ,   and  VT9  is  to  turn   on,  T 

changes  to  ' 0 ' .   However,  VT8  con t i nues   to  be  conduc t ive   a s  

s t o r e d   charge  flows  out  of  i t s   e m i t t e r   and  so  vo l t age   VCT 

con t inues   to  be  +400  a f t e r   T  has  changed  to  zero.   Only  when 

VT8  f i n a l l y   ceases   to  conduct  does  VCT  change  to  zero,   and  o n l y  

then  does  B  change  from  '0'   to  '1 '   thus  causing  VT9  to  turn   o n .  

Thus  a l though   Q  i n d i c a t e s   a  nominal  sw i t ch ing   time  NST  f o r  

VT8  to  turn   on  and  VT9  to  turn   o f f ,   (or  vice  v e r s a ) ,   VT8  does  

not  turn   on  u n t i l   the  s t o r e d   change  of  VT9  has  flowed  away  and  

VT9  a c t u a l l y   ceases  to  conduct  as  i n d i c a t e d   by  VCT. 

I t   is  e s s e n t i a l   to  the  o p e r a t i o n   of  the  c i r c u i t   tha t   VT8 

and  VT9  do  a c t u a l l y   a l t e r n a t e l y   conduct  even  for  a  shor t   t i m e ,  

so  the  log ic   c i r c u i t s   29  and  30  provide   shor t   tu rn   on  p u l s e s  P  

in  r esponse   to  CK  at  the  end  of  the  d e s i r e d   conduc t ion   p e r i o d s  

of  the  t r a n s i s t o r s   VT8  and  VT9. 

Figure   5A  shows  in  d e t a i l   the  f r equency   c o n t r o l   c i r c u i t   15 

and  the  c lock  c i r c u i t   16  of  the  f l u o r e s c e n t   lamp  c i r c u i t   o f  

F igure   1. 

The  clock  c i r c u i t   16  comprises   a  555  t imer  34,  the  c l o c k  

per iod   of  which  is  de f ined   by  a  c a p a c i t o r   C18  and  the  ( v a r i a b l e )  



r e s i s t a n c e   of  a  f i e l d   e f f e c t   t r a n s i s t o r   FET2  and  f ixed   r e s i s t o r s  

R41,  R42  and  R43.  The  r e s i s t a n c e   of  the  FET2  is  in  t u r n  

de termined   by  the  vo l t age   ac ross   a  c a p a c i t o r   C17  c o n n e c t e d  

between  the  gate  and  the  source  2  of  FET2. 

The  f r equency   c o n t r o l   c i r c u i t   comprises   a  compara tor   which  

compares  a  r e f e r e n c e   vo l t age   def ined   by  a  zener  diode  DZR,  w i t h  

a  vo l t age   r e p r e s e n t i n g   the  a c t u a l   lamp  vo l t age   of  the  lamps  13 

and  13' .   This  a c t u a l   vo l t age   is  de r ived   via  the  r e c t i f i e r   201 

from  the  s e c o n d a r i e s   L2S  and  'L2S'  of  the  load  i n d u c t a n c e s   o f  

the  i n v e r t e r   12,  the  vo l t age   on  the  p r i m a r i e s   being  r e l a t e d   t o  

the  lamp  v o l t a g e .  

The  ou tput   of  the  comparator   is  connected  to  the  gate  o f  

the  FET2. 

In  the  case  of  F igure   1  where  f l u o r e s c e n t   lamps  are  u s e d ,  

at  i n i t i a l   swi tch   on,  the  vo l t age   ac ross   c a p a c i t o r   C17  is  l o w ,  

the  r e s i s t a n c e   of  FET2  is  sma l l ,   so  the  c lock  o p e r a t e s   at  h i g h  

f r e q u e n c y .   e .g .   50KHz,  mainly  def ined   by  the  time  c o n s t a n t   R41. 

C18.  The  charge  on  c a p a c i t o r   C17  b u i l d s   up  with  t i m e  

i n c r e a s i n g   the  r e s i s t a n c e   of  FET2  and  so  r educ ing   the  c l o c k  

f requency   u n t i l   ( e v e n t u a l l y )   minimum  f requency   is  de f ined   by 

R42.  C18. 

The  e f f e c t   of  the  c i r c u i t   15  is  to  modulate  the  charge  on 

c a p a c i t o r   C17  and  thus  the  clock  f r equency   in  dependence  upon 

the  vo l t age   of  the  lamp  or  l a m p s .  

The  Q  f a c t o r   of  the  s e r i e s   r e s o n a n t   c i r c u i t   compr i s ing   C23, 

L2  and  the  lamp  ca thodes   is  so  high  tha t   o p e r a t i o n   at  or  n e a r  

resonance   has  to  be  avoided  because  of  the  l a rge   v o l t a g e s   and  

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

The  method  is  to  l i m i t   the  maximum  p r e - s t r i k e   lamp  v o l t a g e  

by  feedback  con t ro l   of  the  i n v e r t e r   f r equency .   For  s i m p l i c i t y  

the  low  t e n s i o n   windings   of  L2  are  used  to  r e p r e s e n t   the  v o l t a g e  

on  L2  pr imary  and  t h i s   in  tu rn   is  r e l a t e d   to  lamp  v o l t a g e .   I f  

the  secondary   vo l t age   a t t emp t s   to  exceed  the  r e f e r e n c e   value  o f  

zener  diode  DZR  fed  to  comparator   17  the  f r equency   of  c i r c u i t   16 

is  i n c r e a s e d   or  ' p u l l e d   back'  a g a i n s t   the  a c t i o n   of  the  sweep 

c i r c u i t   (C17)  so  tha t   in  the  event  a  lamp  does  not  s t r i k e   t h e  



lamp  v o l t a g e   is  held  at  the  maximum  l eve l   i n d e f i n i t e l y   and  t h e  

c i r c u i t   remains  sa fe .   If   the  lamp  does  s t r i k e ,   however,   t h e  

r e s u l t i n g   ( l a r g e )   drop  in  lamp  vo l t age   and  hence  L2  s e c o n d a r y  

vo l t age   tu rns   comparator   17  off  and  sweep  is  a l lowed  t o  

c o n t i n u e ,   r educ ing   f r equency   to  the  ( lower)  de s i r ed   o p e r a t i n g  

point   ( e .g .   28KHz)  de f ined   by  R42  C18. 

In  the  case  of  F igure   2,  where  a  d i s c h a r g e   lamp  is  u s e d ,  

the  f r equency   of  the  clock  is  c o n t i n u o u s l y   swept  with  a  p e r i o d  

of  100Hz.  For  t h i s   purpose ,   a  l i m i t e r   20  r e c e i v e s   the  FWR  AC 

supply  waveform  and  conve r t s   i t   to  a  b i p o l a r   square   waveform  and 

i n t e g r a t o r   19  conver t s   tha t   to  a  b i p o l a r   t r i a n g u l a r   waveform,  

which  is  app l i ed   to  the  gate  of  FET2. 

As  a  pulse   i g n i t i o n   c i r c u i t   35  a c t i v a t e d   by  the  s t a r t - u p  

c i r c u i t   21  is  used  the re   is  no  need  for  the  f requency   sweep 

components  C17  and  the  r e s i s t o r / d i o d e   connected  from  FET2  g a t e s  

to  Ov  of  the  clock  t imer  16  of  F igure   5A  then  se rves   no  u s e f u l  

purpose .   Thus  the  c i r c u i t   16  of  the  charge  lamp  c i r c u i t   is  a s  

shown  in  F igure   5B. 

As  a l r e a d y   s t a t e d ,   t h i s   leaves   comparator   17  f ree   for  u s e -  

in  c o n t r o l l i n g   lamp  power  by  a l t e r i n g   i n v e r t e r   f r e q u e n c y .  

The  swi tch   mode  power  supply   11,  is  shown  in  more  d e t a i l   i n  

F igure   6,  and  is  d e sc r i bed   in  d e t a i l   in  our  c o - p e n d i n g  

a p p l i c a t i o n   No.  81  005552  e n t i t l e d   "Switched  Mode  Power  S u p p l y " ,  

the  con ten t s   of  which  are  i n c o r p o r a t e d   in to   t h i s   s p e c i f i c a t i o n  

by  v i r t u e   of  t h i s   r e f e r e n c e   t h e r e t o .  

However,  in  b r i e f ,   i t   comprises   a  s t ep -up   c o n v e r t e r   formed 

by  i n d u c t o r   L1,  diode  D1  and  s w i t c h i n g   t r a n s i s t o r   VT1,  fed  w i t h  

f u l l   wave  r e c t i f i e d   AC  by  a  r e c t i f i e r   1.  A  comparator   7  w i t h  

h y s t e r e s i s   compares  the  input   vo l t age   sensed  by  a  p o t e n t i o m e t e r  

6  (R2,  R3)  with  the  input   c u r r e n t   sensed  by  r e s i s t o r   R1.  The 

compara tor   7  causes  the  t r a n s i s t o r   VT1  to  swi tch   so  as  to  k e e p  

the  i n s t a n t a n e o u s   value  of  the  input   cu r r en t   wi th in   a  f i x e d  

range  of  the  i n s t a n t a n e o u s   value  of  a  p r o p o r t i o n   of  the  i n p u t  

v o l t a g e .   The  t r a n s i s t o r   is  c o n t r o l l e d   by  the  comparator   7  v i a  

a  dr ive  c i r c u i t   8.  The  s e r i e s   a r rangement   of  c a p a c i t o r s   C1'  

and  C1"  connected   ac ross   the  ou tput   is  chosen  to  provide  a  



c o n s t a n t   DC  output   for  a  given  range  of  load  v a r i a t i o n ,   t h e  

power  supply  11  o p e r a t i n g   to  keep  the  c a p a c i t o r s   c h a r g e d .  

As  shown  in  Figure   6,  the  supply  11  may  also  comprise  a  

c i r c u i t   10  which  senses   when  the  ou tput   vo l tage   a c r o s s  

c a p a c i t o r s   C1'  and  C1"  exceeds  a  p r e s e t   l i m i t ,   and  turns   off   t h e  

t r a n s i s t o r   VT1.  I t   a lso  comprises  a  c i r c u i t   9  which  v a r i e s   t h e  

vo l t age   d i v i d i n g   r a t i o   of  the  p o t e n t i o m e t e r   6  via  an  FET,  FET1, 

to  keep  the  ou tpu t   cons tan t   d e s p i t e   slow  v a r i a t i o n s   in  t h e  

supply  v o l t a g e .  

As  the  f u l l   LT  supply  to  the  a c t i ve   c i r c u i t s ,   in  p a r t i c u l a r  

the  dr ive  c i r c u i t   8,  of  the  supply  11  is  not  a v a i l a b l e   u n t i l   t h e  

i n v e r t e r   12  o p e r a t e s   f u l l y ,   a  s t a r t - u p   c i r c u i t   21  is  p r o v i d e d .  

C i r c u i t   21  a lso  forms  a  r e l a x a t i o n   o s c i l l a t o r   of  pe r iod   f o r  

example  3  sec  so  tha t   the  c i r c u i t   wi l l   ' t e s t '   for  a  lamp  i n  

c i r c u i t   every  (3)  see.   If  no  lamp  (or  no  ' h e a l t h y '   lamp)  is  i n  

the  c i r c u i t   the  input   power  remains  p r a c t i c a l l y   z e r o .  



1.  A  lamp  d r i v e r   c i r c u i t   for  a  f l u o r e s c e n t   lamp  c o m p r i s i n g  

c o n v e r t e r   means  for  p roduc ing   a  DC  output   from  a  low 

f requency   AC  s u p p l y ,  

i n v e r t e r   means  for  producing  a  high  f requency   AC  o u t p u t  

from  the  DC  o u t p u t ,  

an  i n d u c t o r   and  a  c a p a c i t o r   connected   in  s e r i e s   to  r e c e i v e  

the  AC  o u t p u t ,   the  i n d u c t o r   being  a r ranged   to  act  as  an  i n d u c t i v e  

b a l l a s t   for  a  f l u o r e s c e n t   lamp  to  be  connected  ac ross   the  c a p a c i t o r ,  

the  i n d u c t o r   and  c a p a c i t o r   being  chosen  to  form  a  r e sonan t   c i r c u i t ,  

and 

c o n t r o l   means  a r ranged   to  cause  the  i n v e r t e r   to  ope ra t e   a t  

a  f r equency   above  the  r e sonan t   f r equency   of  the  r e s o n a n t   c i r c u i t  

when  the  lamp  d r i v e r   c i r c u i t   is  i n i t i a l l y   swi tched   on,  and  then  t o  

reduce  the  f r equency   of  o p e r a t i o n   towards  resonance   u n t i l   the  lamp 

s t r i k e s .  

2.  A  lamp  d r i v e r   c i r c u i t   a cco rd ing   to  Claim  1  in  which  t h e  

c o n t r o l   means  is  a r ranged   to  change  the  f r equency   f u r t h e r   t o w a r d s  

resonance   a f t e r   the  lamp  has  s t r u c k   u n t i l   a  p r ede t e rmined   o p e r a t i n g  

f r equency ,   between  the  s t r i k i n g   f requency   and  the  r e s o n a n t  

f r equency ,   is  r e a c h e d .  

3.  A  lamp  d r i v e r   c i r c u i t   a cco rd ing   to  e i t h e r   of  the  p r e c e d i n g  

claims  i n c l u d i n g   means  for  l i m i t i n g   the  vo l t age   a p p l i e d   to  the  lamp 

if   the  lamp  f a i l s   to  s t r i k e .  

4.  A  lamp  d r i v e r   c i r c u i t   accord ing   to  Claim  3  in  which  t h e  

means  for  l i m i t i n g   the  vo l t age   i n c l u d e s   means  s e n s i t i v e   to  t h e  

vo l t age   a r ranged   to  cause  the  c o n t r o l   means  to  c o n t r o l   the  f r e q u e n c y  

in  r esponse   to  said  v o l t a g e .  

5.  A  lamp  d r i v e r   c i r c u i t   a cco rd ing   to  Claim  4  in  which  t h e  

means  for  l i m i t i n g   the  vo l t age   i nc ludes   means  comparing  a  f u r t h e r  

vo l t age   r e p r e s e n t i n g   the  lamp  v o l t a g e   with  a  r e f e r e n c e   vo l t age   and ,  

if   the  f u r t h e r   vo l t age   exceeds  the  r e f e r e n c e ,   o v e r r i d i n g   the  change 

of  said  f r equency   to  ma in t a in   the  f requency   away  from  r e s o n a n c e .  

6.  A  lamp  d r ive r   c i r c u i t   accord ing   to  any  p reced ing   c l a i m  

i n c l u d i n g   means  for  c o n t r o l l i n g   the  f requency   of  o p e r a t i o n   of  t h e  

lamp  to  c o n t r o l   the  power  fed  t h e r e t o .  



7.  A  lamp  d r ive r   c i r c u i t   accord ing   to  Claim  6  i n c l u d i n g   means 

for  m o n i t o r i n g   the  cu r r en t   in  the  lamp  and  comparing  a  s i g n a l  

r e p r e s e n t i n g   tha t   c u r r e n t   with  a  v a r i a b l e   vo l t age   r e f e r e n c e   t o  

e f f e c t   dimming  of  the  lamp  in  r esponse   to  v a r i a t i o n   of  s a i d  

r e f e r e n c e .  

8.  A  lamp  d r i v e r   c i r c u i t   accord ing   to  Claim  6  a r ranged   t o  

ma in t a in   the  power  fed  to  the  lamp  at  a  s u b s t a n t i a l l y   c o n s t a n t   l e v e l .  

9.  A  lamp  d r i v e r   c i r c u i t   a cco rd ing   to  any  p reced ing   claim  i n  

which  the  i n v e n t o r   i n c l u d e s   a  s e r i e s   a r rangement   of  two  s w i t c h i n g  

means,  the  c i r c u i t   f u r t h e r   i n c l u d i n g   means  for  d e r i v i n g   d e s i r e d  

i n s t a n t s   at  which  one  sw i t ch ing   means  is  to  become  n o n - c o n d u c t i v e  

and  the  o ther   conduc t ive   a n d  v i c e - v e r s a ,   means  for  i n d i c a t i n g   when 

the  s w i t c h i n g   means  a c t u a l l y   become  n o n - c o n d u c t i v e ,   and  means 

r e s p o n s i v e   to  the  d e f i n i n g   and  i n d i c a t i n g   means  for  caus ing   t h e  

other   s w i t c h i n g   means  to  become  conduc t ive   only  when  the  onw 

s w i t c h i n g   means  is  n o n - c o n d u c t i v e   and  v i c e - v e r s a .  
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