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©  Discharge  lamp  circuit. 
(5?)  Two  (or  more)  gas  discharge  lamps  (10,  110),  each  in 
series  with  a  choke  ballast  (18,  118)  across  A.C.  supply  termi- 
nals  (16a,  166)  are  started  by  a  single  starter  circuit  (70),  the 
lamps  being  connected  to  the  starter  circuit  through  respec- 
tive  rectifying  diodes  (150,  152).  The  starter  circuit  (70)  oper- 
ates  with  rectified  half-cycles  of  the  A.C.  supply,  and  resistors 
(154,  156)  balance  the  cathode  heating  currents  between  the 
two  lamps.  Preferably  the  starter  circuit  is  rendered  ineffective 
in  a  failed-lamp  condition,  and  to  this  end  (per  DE-OS  28  16 
415)  it  includes  a  thyristor  (26)  triggered  by  a  control  circuit 
which  includes  a  capacitor  (32)  effective  to  increase  the 
instantaneous  applied  voltage  which  is  required  totriggerthe 

^   thyristor  with  successive  cycles  of  the  applied  voltage  after 
initial  switch-on  of  the  circuit.  A  Zener  diode  (30)  is  in  series 

_   with  the  capacitor  (32). 
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T w o   (or  more)  gas  discharge  lamps  (10,  110),  each  in 
series  with  a  choke  ballast  (18,118)  across  A.C.  supply  termi- 
nals  (16a,  16b)  are  started  by  a  single  starter  circuit  (70),  the 
lamps  being  connected  to  the  starter  circuit  through  respec- 
tive  rectifying  diodes  (150, 152).  The  starter  circuit  (70)  oper- 
ates  with  rectified  half-cycles  of  the  A.C.  supply,  and  resistors 
(154,156)  balance  the  cathode  heating  currents  between  the 
two  lamps.  Preferably the  starter  circuit  is  rendered  ineffective 
in  a  failed-lamp  condition,  and  to  this  end  (per  DE-OS  28  16 
415)  it  includes  a  thyristor  (26)  triggered  by  a  control  circuit 
which  includes  a  capacitor  (32)  effective  to  increase  the 
instantaneous  applied  voltage  which  is  required  totriggerthe 
thyristor  with  successive  cycles  of  the  applied  voltage  after 
initial  switch-on  of  the  circuit.  A  Zener  diode  (30)  is  in  series 
with  the  capacitor  (32). 



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 scharge   l a m p s .  

In  many  a p p l i c a t i o n s   s eve ra l   d i s cha rge   lamps,  for  example 

f l u o r e s c e n t   tubes ,   are  used  t o g e t h e r .   T y p i c a l l y   they  are  used 

in  p a i r s .   Specia l   s t a r t e r   c i r c u i t s   have  been  developed  f o r  

s t a r t i n g   two  lamps,  but  in  genera l   they  only  work  with  two  lamps 

and  wi l l   not  s t a r t   the  remaining  lamp  p rope r ly   if  one  lamp 

f a i l s .   The  lamps  are  e i t h e r   simply  connected  t o g e t h e r   i n  

s e r i e s   or  are  an  i n t e g r a l   part   of  the  s t a r t e r   c i r c u i t ,   and  t h e  

ar rangement   is  thus  i n f l e x i b l e .  

The  most  common  s t a r t e r   arrangement   for  two  lamps  t r e a t s  

the  two  lamps  qui te   i ndependen t ly ,   in  tha t   each lamp  has  i t s   own 

s t a r t e r   u n i t .  

The  glow-switch  s t a r t e r   is  s t i l l   the  most  common 

commerc ia l ly   a v a i l a b l e   s t a r t e r .   However,  over  the  y e a r s  
v a r i o u s   d i f f e r e n t   types  of  e l e c t r o n i c  s t a r t e r   c i r c u i t   have  

evolved ,   as  is  i l l u s t r a t e d   by  B r i t i s h   Pa ten t s   1 , 2 6 4 , 3 9 7 ;  

1 ,278 ,839;   1 ,342,026;   1,397,265  and  1 ,411,575,   and  our  German 

l a i d - o p e n   Patent   a p p l i c a t i o n   ( O f f e n l e g u n g s s c h r i f t )   28  16  415.  

According  to  the  present   i n v e n t i o n   the re   is  provided  a 

d i s c h a r g e   lamp  c i r c u i t ,   compris ing  two  or  more  d i scharge   lamps 

each  in  s e r i e s   with  a  choke  b a l l a s t   across   supply  i n p u t  

t e r m i n a l s ,   a  s t a r t e r   c i r c u i t   of  a  type  which  is  o p e r a t i v e   with  a  

c y c l i c a l l y - v a r y i n g   u n i d i r e c t i o n a l   supply  v o l t a g e ,   and  two  o r  

more  r e c t i f i e r   e lements ,   each  element  connec t ing   a  r e s p e c t i v e  

one  of  the  lamps  across  the  common  s t a r t e r   c i r c u i t .  



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

to  s t a r t   two  or  more  lamps,  wi thout   adverse   r e s u l t s   i f   one  o f  

the  lamps  should   f a i l .  

The  i n v e n t i o n   w i l l   be  de sc r i bed   in  more  d e t a i l   by  way  o f  

example  with  r e f e r e n c e   to  the  drawings ,   in  wh ich :  

Figure   1  is   a  block  c i r c u i t   diagram  of  a  d i s cha rge   lamp 

c i r c u i t   embodying  the  i n v e n t i o n   for  s t a r t i n g   two  tubes ;   and  

F igure   2  is  a  block  c i r c u i t   diagram  of  a  c i r c u i t   with  f o u r  

t u b e s .  

The  c i r c u i t   i l l u s t r a t e d   in  F igure   1  has  two  gas  d i s c h a r g e  

lamps,  ( f l u o r e s c e n t   t u b e s ) ,   10 and  110,  e a c h  c o n n e c t e d   th rough   a  

r e s p e c t i v e   choke  18,  118  across   A.C.  mains  supply  i n p u t  

t e r m i n a l s   16a,  16b.  The  tubes  are  of  the  heated  cathode  t y p e  

and  have  ca thodes   12,  14,  112,  114 with  t e r m i n a l s  1 2 a ,   12b,  14a ,  

14b,  112a,  112b,  and  114a,  114b.  A  c o n v e n t i o n a l   p o w e r  f a c t o r  

c a p a c i t o r   90  is  p r e f e r a b l y   connected  ac ros s   the  supply  i n p u t  

t e r m i n a l s .  

A  s i n g l e   s t a r t e r   c i r c u i t   70  hav ing   s t a r t e r  i n p u t   t e r m i n a l s  

22,  24  is  -used  to  s t a r t   both  tubes  10,  110.  To  t h i s   end  t h e  

s t a r t e r   c i r c u i t  8 0   is  connected  across   each  of  the  tubes  10,  110 

through  a  r e s p e c t i v e   diode  150 ,  152 ,   the  diodes  having  t h e i r  

ca thodes   connec ted   t o g e t h e r   and  to  the  t e r m i n a l   22.  The 

t e r m i n a l   24  is  connected  to  t h e  t u b e s   10,  110  th rough  r e s p e c t i v e  

r e s i s t o r s   15,  156.  Two  c a p a c i t o r s   38 ,  138   may  be  c o n n e c t e d  

d i r e c t l y   a c ro s s   t h e   two  tubes  10,  110  r e s p e c t i v e l y .  

The  i l l u s t r a t e d   s t a r t e r   c i r c u i t   70  i s   of  the  type  shown  i n  

F igure   6  o f  o u r   a fo remen t ioned   German  A p p l i c a t i o n   28  16  415,  t o  

which  r e f e r e n c e   should   be made  for   a  d e t a i l e d   d e s c r i p t i o n   of  i t s  

c o n s t r u c t i o n   and  o p e r a t i o n .   B r i e f l y ,   the   s t a r t e r   c i r c u i t  

comprises   a  t h y r i s t e r   26  connected  ac ross   the  s t a r t e r   i n p u t  

t e r m i n a l s   22,  24,  and  a  con t ro l   c i r c u i t   7 4  f o r   t r i g g e r i n g   t h e  

t h y r i s t o r   26  in to   conduct ion   once  dur ing  each  cyle  of  t h e  

a p p l i e d   v o l t a g e .   The  con t ro l   c i r c u i t   74  comprises   a  s e r i e s  

c i r c u i t   of  a  diode  28,  a  Zener  diode  or  o ther   ava lanche   d i o d e  



having  a  z e n e r - l i k e   c h a r a c t e r i s t i c   30,  a  c a p a c i t o r   32,  and  a  

r e s i s t o r   34,  with  the  gate  36  of  the  t h y r i s t o r   connected  to  t h e  

j u n c t i o n   between  the  c a p a c i t o r   32  and  the  r e s i s t o r   34 .  

A  r e s i s t o r   64  is  connected  across   the  Zener  diode  30,  and  a  

c a p a c i t o r   62  and  r e s i s t o r   72  are  both  connected  in  p a r a l l e l  

across   the  Zener  diode  30,  c a p a c i t o r   32  and  r e s i s t o r   34 .  

The  s t a r t e r   c i r c u i t   has  the  fo l lowing   c h a r a c t e r i s t i c s .  

F i r s t ,   i t   is  capable   of  working  with  a  u n i d i r e c t i o n a l   c y c l i c a l l y -  

vary ing   input   v o l t a g e ,   p a r t i c u l a r l y   with  h a l f - c y c l e s   o f  

r e c t i f i e d   A.C.  

Secondly ,   with  the  p r e f e r r e d   type  of  c i r c u i t   i l l u s t r a t e d ,  

a f t e r   i n i t i a l   sw i t ch -on   of  the  c i r c u i t ,   the  i n s t a n t a n e o u s  

app l i ed   v o l t a g e   across   the  t e r m i n a l s   22,  24  which  is  r e q u i r e d  

for  the  t h y r i s t o r   to  be  t r i g g e r e d  i n t o   conduct ion  i n c r e a s e s  

p r o g r e s s i v e l y   as  the  s t a r t e r   c i r c u i t   o p e r a t e s ,   u n t i l   a  point   i s  

reached  where  no  such  conduct ion   occurs .   This  has  the  r e s u l t  

tha t   in  the  f a i l e d - l a m p   c o n d i t i o n   the  s t a r t e r   c i r c u i t   i s  

a u t o m a t i c a l l y   rendered   i n e f f e c t i v e   a  r e l a t i v e l y   shor t   time  a f t e r  

s w i t c h - o n .  

In  o p e r a t i o n   of  the  c i r c u i t ,   the  s t a r t e r   c i r c u i t   70 

ope ra t e s   as  d e s c r i b e d  i n   our  a fo rement ioned   German  A p p l i c a t i o n ,  

and  the  t h y r i s t o r   t r i g g e r   point   p rog re s se s   u n t i l   one  tube,   s a y  

tube  10,  is  ready  to  s t r i k e .   There  wi l l   then  be  a  p a r t i a l  

d i scha rge   in  t h i s   tube  which   wil l   con t inue   u n t i l ,   on  the  n e x t  

hal f   cyc l e ,   the  t h y r i s t o r   26  conducts  and  shor t s   out  the  t u b e  

10.  The  t h y r i s t o r   is  h o w e v e r  t r i g g e r e d   on  t h i s   ha l f   c y c l e  

because  the  tube  110  w h i c h - i s - n o t   ready  to  s t r i k e   m a i n t a i n s   a  

h i g h - v o l t a g e   ac ross   the  s t a r t e r .   Tr igger   point  p r o g r e s s i o n  

c o n t i n u e s   f u r t h e r   u n t i l   the  second  tube  110  is  ready  to  s t r i k e ,  

when  both  tubes  wi l l   s t r i k e   t o g e t h e r ,   and  drop  the  v o l t a g e  

across   the  s t a r t e r   to  a  value  below  the  vol tage  n e c e s s a r y   t o  

cause  t r i g g e r i n g .  



If   one  t ube ,   say  tube  110,  f a i l s   to  s t a r t ,   the  s t a r t e r  

c i r c u i t   70  w i l l   con t inue   to  the  end  of  i t s   p r o g r e s s i o n ,   and  t h e n  

the  t h y r i s t o r   26  w i l l   cease  conduc t i ng ,   a l lowing   the  o ther   t u b e  

10  to  s t r i k e .   This  delay  does  not  produce  any  m e a s u r a b l e  

damage  to  the   c a t h o d e s .  

The  d iodes   150,  152  provide  i s o l a t i o n   between  the  two  t u b e s  

10,  110.  The  c a p a c i t o r s   38,  1 3 8 ,  i f   used,  provide  pulse  - 

enhancement  on  the  nega t i ve   h a l f - c y c l e  o f   the  supply,   a s  

de sc r i bed   in  our  a fo remen t ioned   German  A p p l i c a t i o n .  

The  r e s i s t o r s   154,  156  are  cu r r en t   s h a r i n g   r e s i s t o r s  

i n c o r p o r a t e d   to  reduce  the  e f f e c t s   of  d i f f e r i n g   r e s i s t a n c e s   o f  

ca thodes   14  and  114.  D i f f e r e n c e s   in  cathode  r e s i s t a n c e   may 
r e s u l t   from  m a n u f a c t u r i n g   t o l e r a n c e ,   ca thode  type  and ,  

i m p o r t a n t l y ,   from  i o n i z a t i o n   between  the  cathode  suppor t s   d u r i n g  

the  s t a r t i n g   p e r i o d .   Since  each  c u r r e n t   s h a r i n g  r e s i s t a n c e   i s  

in  s e r i e s   with  a  ca thode ,   the  whole  forming  a  p a r a l l e l   n e t w o r k ,  

the  h igher   the  r e s i s t a n c e   of  r e s i s t o r s   154/156,  then  the  s m a l l e r  

is  the  e f f e c t   of  d i f f e r i n g   cathode  r e s i s t a n c e .   The  r e s i s t o r s  

154/156  are  chosen  to  be  l a rge   enough  to  reduce  the  e f f e c t   o f  

d i f f e r i n g   ca thode   r e s i s t a n c e   s u f f i c i e n t l y   wi thout   being  so  h i g h  

t h a t   e x c e s s i v e   power  is  d i s s i p a t e d   in  them  dur ing  s t a r t i n g   o r  

the  t o t a l   ca thode  p r e - h e a t   cu r ren t   is  unduly  reduced.   Where 

the   c i r c u i t   components  are  o the rwise   as  d e s c r i b e d   i n  o u r  

a fo r emen t ioned   German  A p p l i c a t i o n ,   a  s u i t a b l e   value  for  : 

r e s i s t o r s   154  and  156  is  5  o h m s .  

P u t t i n g   the  ca thodes   in  s e r i e s   i s   not  very  p r a c t i c a b l e ,  

because  a  double  arc  c u r r e n t   would  pass  th rough  one  of  t h e  

ca thodes   which  could  cause  damage  to  the  c a t h o d e .  

Typ ica l   c i r c u i t   va lues   for  the  F igure   1  c i r c u i t   are  a s  

fo l lows ,   for  65W  t u b e s :  



The  c i r c u i t   of  Figure  1  can  be  modified  to  pass  s t a r t i n g  

cu r r en t   on  nega t ive   r a t h e r   than  p o s i t i v e   hal f   cycles  of  t h e  

mains  A.C.   supply .   Not  only  is  the  s t a r t e r   c i r c u i t   70  r e v e r s e d  

in  p o l a r i t y ,   i . e .   the  t e r m i n a l s   22  and  24  are  connected  t h e  

o ther   way  around,  but  a lso  the  diodes  150  and  152  must  be 

r e v e r s e d .   In  order   to  minimise  the  D.C.  cur ren t   component 

taken  from  the  mains  supply  dur ing  s t a r t i n g   in  a  l a rge   l i g h t i n g  

i n s t a l l a t i o n   equal  numbers  of  s t a r t e r s   of  pos i t i ve   and  n e g a t i v e  

ha l f   cycle  s t a r t i n g - c u r r e n t   types  are  p r e f e r a b l y   u s e d .  

The  i l l u s t r a t e d   s t a r t e r   c i r c u i t   70  is  based  on  Figure  6  o f  

our  a fo rement ioned   German  A p p l i c a t i o n .   The  c i r c u i t s   of  o t h e r  

f i g u r e s   of  tha t   a p p l i c a t i o n   could  be  used,  p a r t i c u l a r l y   F i g u r e s  

1  and  4.  It   would  be  p o s s i b l e   to  u s e  o t h e r   types  of  s t a r t e r  

c i r c u i t s   which  work  with  u n i d i r e c t i o n a l   cu r r en t ,   even  t h o u g h  

these  may  t r i g g e r   at  a  f ixed  r a t h e r   than  a  p r o g r e s s i v e l y  

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

Figure  2  i l l u s t r a t e s   how  Figure   1  can  be  adapted  for  more  

than  two  lamps.  In  Figure  2  two  f u r t h e r   lamps  210  and  310  a r e  

shown  with  a s s o c i a t e d   diodes  250  and  252,and  r e s i s t o r s   254  and  

_256.   The  s t a r t e r   c i r c u i t   70  is  unchanged  except  t ha t   t h e  

t h y r i s t o r   26  has  an  a p p r o p r i a t e l y   i n c r e a s e d   c u r r e n t  -   c a r r y i n g  

c a p a c i t y .   The  c i r c u i t   of  Figure  2  is  shown  without  the  p u l s e  

enhancement  c a p a c i t o r s   (38,  138  on  Figure  1)  connected  a c r o s s  

the  lamps,   a l though  these   could  be  added  if  d e s i r e d .  



1.  A  d i s c h a r g e   lamp  c i r c u i t ,   compr is ing   two  or  more  d i s c h a r g e  

lamps--each  in  s e r i e s   with  a  choke  b a l l a s t   a c ro s s   supply   i n p u t  

t e r m i n a l s ,   a  s t a r t e r   c i r c u i t   of  a  type  which  is  o p e r a t i v e   with  a  

c y c l i c a l l y - v a r y i n g   u n i d i r e c t i o n a l   supply  v o l t a g e ,   and  two  or  more  

r e c t i f i e r   e l e m e n t s ,   each  e lement   connec t ing   a  r e s p e c t i v e   one  of  t h e  

lamps  a c r o s s   the  common  s t a r t e r   c i r c u i t .  

2.  A  d i s c h a r g e   lamp  c i r c u i t   a c c o r d i n g  t o   Claim  1,  in  which  t h e  

s t a r t e r   c i r c u i t   is  adapted  to  be  r ende red   i n e f f e c t i v e   in  a  

f a i l e d - l a m p   c o n d i t i o n .  

3.  A  d i s c h a r g e   lamp  c i r c u i t   accord ing   to  Claim  2,  in  which  t h e  

s t a r t e r   c i r c u i t   has  two  s t a r t e r   input   t e r m i n a l s ,   and  comprises   a  

c o n t r o l l e d   swi tch   connected   ac ross   the  s t a r t e r   input   t e r m i n a l s ,   a n d  

a  c o n t r o l   c i r c u i t   for  r e n d e r i n g - t h e   switch  conduc t ive   at  a  d e s i r e d  

point   dur ing  the  cycle  of  the  a p p l i e d   v o l t a g e ,   the  c o n t r o l   c i r c u i t  

i n c l u d i n g   means  t end ing   to  i n c r e a s e   the  i n s t a n t a n e o u s   a p p l i e d  

vo l t age   which  is  r e q u i r e d   for  such  c o n d i t i o n   to  o c c u r ,   w i t h  .  

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

c i r c u i t .  

4.  A  d i s c h a r g e   lamp  c i r c u i t ,   compr is ing   two  or  more  d i s c h a r g e  

lamps  each  in  s e r i e s   with  a  r e s p e c t i v e   choke  b a l l a s t   a c ros s   s u p p l y  

input   t e r m i n a l s   adap ted   to  r e c e i v e   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 ,   a n d  

a  common  s t a r t e r   c i r c u i t   connected   ac ross   each  of  the  lamps  t h r o u g h  

a  r e s p e c t i v e - r e c t i f i e r   e lement ,   the  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   and  compr i s ing   a  c o n t r o l l e d  s w i t c h   c o n n e c t e d  

across   the  s t a r t e r   input   t e r m i n a l s ,   and  a  c o n t r o l   c i r c u i t   f o r  

r e n d e r i n g   the   swi tch   c o n d u c t i v e  a t   a  des i r ed   p o i n t  d u r i n g   the  c y c l e  

of  the  a p p l i e d   v o l t a g e ,   t h e  c o n t r o l   c i r c u i t   i n c l u d i n g   means  t e n d i n g  

to  i n c r e a s e   the  i n s t a n t a n e o u s   a p p l i e d   vo l t age   which  is  r e q u i r e d   f o r  

such  conduc t ion   to  occur ,   with  s u c c e s s i v e   cycles   of  the  a p p l i e d  

vo l t age   a f t e r   sw i t ch -on   of  the  c i r c u i t ,   to  a  point   at  which  no  s u c h  

conduc t ion   o c c u r s .  

5.  A  d i s c h a r g e   lamp  c i r c u i t   a cco rd ing   to  e i t h e r   Claim  3  o r  

Claim  4,  in  which  the  c o n t r o l l e d   swi tch   comprises  a  t h y r i s t o r .  



6.  A  d i scha rge   lamp  c i r c u i t   a cco rd ing   to  any one  of  Claims  3 ,  

4  and 5  in  which  the  con t ro l   c i r c u i t   i n c l u d e s   a  c a p a c i t o r   the  c h a r g e  

upon  which  p r o g r e s s i v e l y   changes  with  s u c c e s s i v e   cycles   of  t h e  

app l i ed   vo l tage   to  vary  the  t r i g g e r   point   at  which  conduct ion  o c c u r s .  

7.  A  d i scha rge   lamp  c i r c u i t   a cco rd ing   to  Claim  6,  i nc lud ing   an 

ava lanche   diode  having  a  z e n e r - l i k e   c h a r a c t e r i s t i c   connected  i n  

s e r i e s   with  the  c a p a c i t o r .  

8.  A  d i scharge   lamp  c i r c u i t   a c c o r d i n g   to  any one  of  t h e  

p reced ing   claims  i n c l u d i n g   a  c a p a c i t o r   connected  across   each  lamp.  

9.  A  d i scha rge   lamp  c i r c u i t   a c c o r d i n g   to  any one  of  t h e  

p reced ing   claims  i n c l u d i n g   c u r r e n t - s h a r i n g   means  between  the  lamps 

and  the  s t a r t e r   c i r c u i t .  

10.  A  d i scharge   lamp  c i r c u i t   a cco rd ing   to  Claim  9,  in  which  t h e  

c u r r e n t - s h a r i n g   means  comprises  a  r e s p e c t i v e   r e s i s t o r   connec t ed  

between  each  lamp  and  t h e  s t a r t e r   c i r c u i t .  
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