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Description 

This  invention  relates  to  the  starting  of  dis- 
charge  lamps  by  electronic  starter  circuits,  in 
particular  such  circuits  employing  the  pulse  pro- 
ducing  properties  of  a  non-linear  dielectric 
element,  which  will  be  referred  to  hereinafter  as  a 
voltage  dependent  capacitor  or  VDC. 

The  chemical  composition  of  a  voltage  depen- 
dent  capacitor  is  described  in  British  Patent 
Application  No.  2  035  287  A.  An  element  of  that 
type  exhibits  a  capacitance/voltage  characteristic 
as  shown  in  Figure  1  in  which  the  charge  Qc  is 
plotted  as  a  function  of  the  voltage  Vc.  This 
characteristic  may  readily  be  obtained  by  the  use 
of  an  oscilloscope.  The  incremental  capacitance  C 
of  the  element  is  the  incremental  slope  so  that 
Cv=5Qc/5Vc.  As  can  readily  be  seen  from  Figure 
1,  on  a  positive  increasing  bias  there  is  a  high 
capacitance  CVH/  which  at  a  voltage  Vcs,  which 
may  be  called  the  saturation  voltage,  changes  to  a 
low  capacitance  CVL.  Additionally  there  is  an 
hysteresis  effect  whereby  reverse  bias  is  required 
before  the  capacitance  can  revert  to  CVH.  It  then,  a 
reduced  reverse  bias  is  imposed,  perhaps  by  the 
insertion  of  a  breakdown  device,  the  full  value  of 
CVH  will  not  be  restored  so  that  a  reduced  value 
will  be  obtained  as  shown  at  CVH*  in  Figure  2.  A 
similar  effect  is  obtained  for  a  first  cycle  of 
voltage,  rising  to  positive  maximum  from  zero 
and  not  from  a  negative  value. 

Patent  Application  No.  2  035  287A  also  illus- 
trates  a  circuit  utilising  a  voltage  dependent 
capacitor  to  provide  an  ignition  pulse  for  a  dis- 
charge  lamp.  This  utilises  the  fact  that  as  the 
saturation  voltage  is  exceeded  the  capacitance 
falls  rapidly  and  current  through  the  element  fails 
sharply  to  zero.  If  the  capacitor  is  connected  in 
series  with  a  lamp  ballast  inductance,  the  sudden 
saturation  of  the  capacitor  can  give  rise  to  a  high 

di 

dt 

for  ignition  of  the  lamp. 
The  circuit  of  the  said  Patent  Application  suffers 

from  certain  defects  for  some  purposes.  Further 
circuits  employing  a  voltage  dependent  capacitor 
are  disclosed  in  European  Patent  Application 
publication  No.  0  048  137  Al,  which  is  more  par- 
ticularly  directed  to  circuits  for  lamp  ignition.  In 
addition  to  disclosing  several  circuits  stated  to  be 
conventional,  the  said  European  Patent  Applica- 
tion  discloses  circuits,  starting  at  Figure  8,  in 
which  a  voltage  dependent  capacitor  is  connected 
in  parallel  with  a  semiconductor  switch  and  in 
series  with  a  second  semiconductor  switch.  One 
of  these  switches  serves  to  control  the  flow  of 
preheating  current  to  the  lamp  electrodes  and  the 
other  to  provide  a  path  for  the  current  through  the 
VDC  when  it  suddenly  reduces  to  generate  the 
large  ignition  pulses  required. 

It  is  believed  that  these  circuits  also  suffer  from 
disadvantages  and  it  is  accordingly  an  object  of 

this  invention  to  provide  an  improved  electronic 
starter,  using  a  voltage  dependent  capacitor. 

According  to  the  invention  there  is  provided  a 
discharge  lamp  starter  circuit  having  two  starter 

5  input  terminals  for  connecting  to  the  cathodes  (2, 
3)  of  a  discharge  lamp  (1)  to  receive  a  cyclically 
varying  voltage  supplied  through  both  the  lamp 
cathodes  and  a  choke  ballast  (5),  the  starter  circuit 
including  a  semiconductor  switch  (S),  triggerable 

10  in  response  to  a  voltage  thereacross,  a  voltage 
dependent  capacitor  (Cv)  capable  of  providing  a 
voltage  pulse  substantially  in  excess  of  twice  the 
peak  of  said  cyclically  varying  voltage  in  response 
to  a  voltage  pulse  higher  than  the  saturation 

15  voltage  thereof,  the  starter  circuit  being  charac- 
terised  by  provision  of  a  circuit  (D1,  D2,  D3) 
arranged  to  cooperate  with  the  switch  to  connect 
the  switch  for  conduction  in  one  direction  with 
respect  to  the  input  terminals,  in  one  part  of  a 

20  starting  cycle,  to  pass  preheating  current  through 
the  lamp  cathodes,  and,  in  another  part  of  said 
starting  cycle,  to  connect  the  switch  for  conduc- 
tion  in  the  opposite  direction  with  respect  to  the 
input  terminals  and  in  series  with  the  voltage 

25  dependent  capacitor  (Cv),  thereby  for  conducting 
a  falling  current  pulse  produced  by  the  voltage 
dependent  capacitor  to  provide  an  ignition  volt- 
age  pulse  across  the  lamp  (1). 

The  circuit  arranged  to  cooperate  with  said 
30  switch  may  be  a  diode  steering  circuit. 

Circuit  elements  may  be  introduced  into  the 
path  including  the  voltage  dependent  capacitor  to 
vary  its  operation. 

Such  elements  include  means  to  prevent  the 
35  voltage  dependent  capacitor  charging  until  a  pre- 

determined  voltage  has  been  reached  or  means 
for  damping  a  pulse  of  one  polarity  resulting  from 
saturation. 

The  semiconductor  switch  may  be  a  self  trig- 
40  gering  breakback  device,  otherwise  a  trigger  cir- 

cuit  will  be  included. 
A  circuit  may  be  provided  to  make  the  trigger 

circuit  responsive  to  the  cyclically  varying  voltage 
selectively  in  preference  to  short  duration  voltage 

45  pulses  thereby  being  suitable  for  starting  lamps 
exhibiting  high  re-ignition  voltages,  for  example 
T8  Krypton  filled  lamps. 

The  circuits  are  preferably  arranged  to  reduce 
or  prevent  stressing  of  the  voltage  dependent 

50  capacitor  when  the  lamp  is  running. 
Preferably  the  starter  includes  a  circuit  requir- 

ing  a  progressively  increasing  trigger  voltage  and 
thereby  providing  progressively  decreasing  pre- 
heat  current  pulses.  The  circuit  may  be  arranged 

55  to  provide  ignition  pulses  of  progressively 
increasing  magnitude,  at  least  after  a  predeter- 
mined  portion  of  a  starting  period  and  up  to  the 
end  of  a  second  predetermined  portion. 

In  order  that  the  invention  may  be  clearly 
eo  understood  and  readily  carried  into  effect  it  will 

now  be  described  by  way  of  example  with  ref- 
erence  to  the  accompanying  drawings  of  which: 

Figure  1  shows  the  charge  v.  voltage  charac- 
teristic  of  a  voltage  dependent  capacitor  as 

65  described  hereinbefore. 
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Figure  2  shows  the  effect  on  the  characteristic 
of  Figure  1  of  reducing  the  negative  bias  applied 
thereto  as  described  hereinbefore, 

Figure  3  shows  the  basic  circuit  of  the  present 
invention, 

Figure  4  shows  a  practical  form  of  the  circuit  of 
Figure  3, 

Figure  5  shows  an  improved  circuit  capable  of 
satisfactorily  starting  lamps  with  high-reignition 
voltages, 

Figure  6  shows  a  circuit  incorporating  a  pro- 
gressive  trigger, 

Figures  7a,  7b  and  7c  show  the  effect  of  the 
value  of  resistor  R1  in  Figure  6  on  the  lamp 
starting  voltage  envelope, 

Figure  8  shows  a  version  of  the  circuit  of  Figure 
6  more  suitable  for  production  purposes, 

Figure  9  shows  current  and  voltage  waveforms 
for  the  circuit  of  Figure  8,  and 

Figure  10  shows  a  version  of  the  circuit  of 
Figure  8  arranged  to  provide  positive  ignition 
pulses. 

The  present  invention  provides  starter  circuits 
which  are  believed  to  be  more  efficient  than  prior 
art  circuits  and  advantageous  at  least  by  provid- 
ing  the  capability  of  provision  of  more  advanced 
features.  In  its  simplest  form  the  circuit  of  the 
invention  uses  the  realisation  that  in  prior  art 
circuits,  in  which  the  disadvantages  due  to  flow  of 
charging  and  discharging  currents  through  a  volt- 
age  dependent  capacitor  have  been  recognised, 
for  example  European  Patent  Application 
0  048  137,  page  11,  the  solution  has  involved  the 
provision  of  two  semiconductor  switches  with 
consequent  increase  in  complexity  and  expense. 
The  two  switches  are  performing  different  func- 
tions  but  at  different  stages  in  the  operation  of  the 
circuit.  On  that  basis  we  have  now  devised  an 
arrangement  using  diode  steering  in  conjunction 
with  a  suitable  relationship  between  a  single 
semiconductor  switch  and  the  voltage  dependent 
capacitor,  to  achieve  the  desired  result. 

The  circuit  is  shown  in  a  simplified  form  in 
Figure  3  in  which  it  is  associated  with  a  fluores- 
cent  lamp  1,  which  may  be  a  T12  lamp,  of  the  hot 
cathode  type  having  two  cathodes  2  and  3.  One 
side  2a  of  cathode  2  is  connected  to  one  terminal 
4  of  a  mains  supply  through  an  inductor  or  choke 
ballast  5  and  one  side,  3a,  of  the  other  cathode  is 
connected  directly  to  the  other  terminal  6  of  the 
mains  supply.  The  starter  circuit  is  connected 
across  the  other  terminals  2b  and  3b  of  the 
cathodes.  The  circuit  comprises  a  series  connec- 
tion  of  a  diode  and  a  voltage  dependent 
capacitor  Cv,  in  parallel  with  two  diodes  D2  and  D3 
in  series  opposition.  Connected  between  the  junc- 
tion  of  the  diode  D,  and  Cv  and  the  junction 
between  the  two  diodes  D2  and  D3  is  a  uni- 
directional  switch  S  having  in  parallel  therewith  a 
trigger  circuit  7.  It  will  be  appreciated  that  in  any 
practical  circuit,  switch  S  will  be  a  semiconductor 
switch  and  circuit  7,  which  will  be  described  in 
more  detail  with  reference  to  later  Figures,  is  for 
operation  of  the  switch.  The  invention  does, 
however,  also  embrace  the  use  of  a  self-triggering 

break  back  device  for  which  a  trigger  circuit  is  not 
required.  The  diodes  to  D3  comprise  a  diode 
steering  arrangement  which  allows  the  switch  S 
to  provide  the  functions  in  relation  to  capacitor  Cv 

5  and  the  lamp  1,  performed  in  prior  art  circuits  by 
two  different  switches. 

Considering  the  operation  of  this  circuit,  when 
the  switch  S  is  off,  the  voltage  Vcv  across 
capacitor  Cv  is  zero  and  it  is  charged  to  some 

10  positive  level.  With  the  mains  voltage  rising  from 
zero  to  Diode  is  forward  biassed  to  conduct 
and  Cv  is  the  main  load  on  the  choke  ballast  5.  The 
lamp  voltage  V,amp  is  rising  with  the  mains  and 
Vcv  is  similarly  rising,  the  capacitor  charging  at 

15  the  same  time.  Current  also  flows  through  the 
trigger  path  via  D2,  but  D3  is  reverse  biassed  and 
is  off. 

There  are  two  principal  modes  for  triggering  of 
switch  S.  The  first  is  for  it  to  be  triggered  on 

20  before  Vcv  reaches  Vcs  (the  saturation  voltage). 
The  second,  which  applies  to  a  circuit  such  as 
Figure  3  in  which  there  are  no  elements  in  series 
with  capacitor  C„,  is  that  Vcv  reaches  Vcs  before  S 
has  triggered  whereupon  its  impedance  rises  and 

25  Vcv  is  the  cause  of  S  being  triggered  on. 
It  should  be  noted  that  the  circuit  allows  scope 

for  introducing  elements  in  the  Cv  path  to  vary  the 
operation.  For  example  means  can  be  used  to 
prevent  Cv  charging  until  a  predetermined  volt- 

30  age  has  been  reached,  for  example  by  a  Zener 
diode.  Or  an  element  such  as  a  resistor  may  be 
used  to  influence  the  charging  of  Cv  and  hence 
the  degree  of  saturation  achieved  at  a  given 
applied  voltage.  The  inclusion  of  such  a  resistor 

35  may  also  reduce  the  choke  di/dt  and  hence  the 
magnitude  of  any  positive  pulse  resulting  from 
the  saturation  voltage  being  reached.  This  may  be 
associated  with  a  diode  poled  to  shunt  it  when  an 
ignition  pulse  is  provided. 

40  When  switch  S  is  triggered  on,  Cv  is  discharged 
via  S  and  D2  to  zero.  In  practice  resistance  may  be 
included  to  control  the  maximum  discharge  cur- 
rent.  Preheat  current  flows  through  the  choke  5, 
Di,  S  and  D2  and,  of  course,  also  through  the  lamp 

45  cathodes  providing  desired  preheating  thereof. 
The  voltage  across  the  choke  is  approximately  the 
mains  voltage  and  the  heating  current  iH  lags  that 
voltage.  The  circuit  is  arranged  so  that  the  choke 
saturates  so  that  the  current,  although  initially 

so  sinusoidal,  is  increased  at  the  peak.  When  the 
current  iH  reduces  to  approximately  zero  the 
switch  S  commutates  and  switches  off.  At  this 
stage,  as  the  switch  opens,  the  magnitude  of  the 
voltage  across  the  switch  rises  towards  a  theoreti- 

55  cal  maximum  (depending  on  the  'Q'  factor)  of 
peak  mains  voltage,  the  ascending  pulse  being 
characteristic  of  the  ringing  of  the  choke  induc- 
tance  (L)  with  stray  circuit  capacitance  (Cs)  in  the 
system.  Simultaneously  the  voltage  across  the 

60  lamp  falls  from  zero  towards  minus  twice  peak 
mains  voltage  (again  depending  on  'Q')  and  D, 
and  D2  are  biassed  off. 

However  with  the  reverse  of  the  voltage  across 
the  lamp  D3  has  been  biassed  on.  The  rising 

65  voltage  across  switch  S  causes  the  switch  to  be 
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triggered  on  again  and  Cv  appears  in  parallel  with 
the  stray  capacitances  Cs.  Vcv  goes  negative  as 
current  transfers  from  Cs  to  Cv.  Vcv  is  then  carried 
to  the  saturation  voltage  —  Vcs.  If  Cv  has  only 
fallen  from  zero  the  change  in  capacitance  will  be 
relatively  small  (cf  Figure  2)  and  a  small  pulse  will 
occur.  However  if  Cv  has  been  to  +VCS  or  more 
and  back  through  zero,  the  value  of  Cv  will  fall 
sharply  and  correspondingly  sharply  reduce  the 
current  through  the  choke.  The  current  fall  in  the 
choke  and  Cv  then  generates  a  large  negative 
voltage  pulse,  very  much  greater  than  twice  peak 
mains,  which  provides  an  ignition  pulse  for  the 
lamp.  Thereafter  the  fall  in  current  through  the 
switch  causes  it  to  commutate  again  when  Vcv 
reaches  the  peak  negative  pulse  voltage.  As  the 
lamp  voltage  rises  towards  zero,  Cv  discharges 
via  diode  D1  such  that  Vcv  is  substantially  equal  to 
the  voltage  across  the  lamp.  When  the  lamp 
voltage  passes  through  zero,  diode  continues 
to  be  forwarded  biassed,  Cv  charges  and  the  cycle 
repeats. 

It  will  be  seen  from  this  account  that  the  switch 
S  has  been  arranged  to  perform  the  two  functions 
of  passing  the  preheat  current  for  one  polarity 
and  passing  the  ignition  pulse  with  the  opposite 
polarity  at  the  lamp  but  current  flow  being  in  the 
same  direction  at  the  switch  and  trigger  circuit. 

To  prevent  re-triggering  when  the  lamp  is 
running  a  high  trigger  voltage  is  necessary.  Since 
the  saturation  voltage  of  Cv  is  typically  50V  then, 
for  the  basic  circuit  of  Figure  3,  Vcv  will  invariably 
reach  +VCS  before  the  switch  trigger  voltage  is 
reached.  Thus  assuming  -Vcs  has  previously 
been  exceeded,  the  resulting  positive  pulse  will 
cause  the  switch  S  to  be  triggered  whereupon  the 
pulse  is  immediately  truncated  via  D1. 

Since  there  is  full  positive  saturation  of  Cv  a 
maximum  negative  ignition  pulse  will  be  realised. 

If  the  ignition  pulse  starts  the  lamp  the  circuit  is 
still  required  to  operate  in  the  running  mode  in 
which  re-ignition  pulses  occur  on  each  mains 
cycle.  As  has  been  pointed  out  in  the  prior  art  it  is 
undesirable  for  the  voltage  dependent  capacitor 
to  be  stressed  during  lamp  running. 

With  the  circuit  of  Figure  3,  the  negative  lamp 
running  voltage  is  prevented  from  charging  Cv 
towards  Vcs  by  the  open  circuit  switch  S  (if  it  is 
insufficient  to  trigger  it).  Consequently,  since  Cv 
does  not  in  these  circumstances  become  nega- 
tively  biassed,  positive  lamp  voltages,  although 
exceeding  +VCS,  cannot  cause  stressing  in  view 
of  the  hysteresis  effect. 

A  critical  consideration  in  the  preceding  para- 
graph  is  that  the  negative'  reignition  pulses  are 
insufficient  to  trigger  the  switch  S.  This  is  not 
satisfied  for  many  lamps  by  the  circuit  of  Figure  3 
when  a  simple  fixed  voltage  trigger  circuit  is 
employed. 

It  has  been  stated  hereinbefore  that  when  +  Vcs 
is  reached,  the  switch  S  triggers  (due  to  positive 
pulse  production)  and  conduction  via  diode  D1 
truncates  the  resulting  pulse.  This  condition,  how- 
ever,  prevails  only  during  the  starting  cycle.  If,  for 
example,  the  lamp  strikes  on  a  given  negative 

ignition  pulse  then,  on  the  next  positive  half  cycle, 
+VCS  will  be  exceeded  but  the  resulting  pulse  is 
attenuated  by  the  relatively  low  impedance  of  the 
ionized  lamp.  Some  increase  in  peak  positive 

5  lamp  voltage  may  be  observed  although  the 
trigger  circuit  would  normally  be  adjusted  such 
that  the  trigger  voltage  exceeds  this  value  and 
thus  no  positive  triggering  of  switch  S  would 
occur. 

w  This  voltage  is  then  superimposed  on  the  next 
negative  half  cycle  lamp  voltage  presented  to  the 
trigger  circuit  resulting  in  a  cumulative  voltage 
approaching  twice  the  lamp  peak  (for  example, 
for  a  4ft,  40W,  T12  lamp,  about  400V).  If,  as  is 

15  typical  for  the  same  lamp,  the  fixed  trigger  volt- 
age  of  the  trigger  circuit  is  set  to  300V,  the  switch 
S  will  close,  -Vcs  will  be  exceeded  and  a  negative 
pulse  produced,  the  pulse  being  similarly  attenu- 
ated  by  the  lamp  as  before. 

20  This  voltage-doubling  condition  will  be  main- 
tained  throughout  the  period  of  lamp  operation. 

Thus,  whilst  no  cathode  heating  current  will 
flow  (since  there  is  no  triggering  on  positive  half 
cycles),  the  general  circuit  of  Fig.  3  (assuming  a 

25  fixed  voltage  trigger)  will  not  prevent  stressing  of 
the  VDC  where  the  peak  lamp  running  voltage 
exceeds  150V. 

(It  should  be  noted  that  the  figure  of  150V 
includes  any  increase  in  the  normal  lamp  running 

30  voltage  due  to  pulse  production  when  +VCS  is 
exceeded  and  neglects  the  safety  margins  and 
circuit  tolerances  which  are  normally  applied). 

The  circuit  of  Figure  3  with  a  fixed  voltage 
trigger  is  therefore  unsuitable  for  lamps  other 

35  than  2  ft.,  20W,  T11  and  below. 
On  220V  supplies,  the  circuit  is  even  more 

impractical  since  a  maximum  trigger  voltage  of 
around  275V  would  be  required  to  ensure  oper- 
ation  at  the  lowest  supply  voltage  of  198V  RMS. 

40  Figure  4  shows  one  practical  embodiment  of 
the  circuit  of  Figure  3  employing  a  fixed  voltage 
trigger  but  including  means  for  overcoming  the 
voltage-doubling  problem  just  described.  In  this 
circuit  the  unidirectional  switch  S  is  a  silicon 

45  control  rectifier  TH1.  The  fixed  voltage  trigger 
network  comprises  a  zener  diode  ZD1  and  a 
resistor  R2  in  conventional  manner  and  TH1  is 
shunted  by  a  resistor  R3.  In  series  with  Cv  there  is 
a  diode  D4  and  a  resistor  R-,  in  parallel  with  each 

50  other.  Basically  the  operation  is  the  same  as  that 
described  with  reference  to  Figure  3.  The  resistor 
R-i  is  however  of  sufficient  value  to  allow  Vcv  to  be 
carried  above  +VCS  without  producing  a  signifi- 
cant  positive  pulse  as  indicated  hereinbefore  to 

55  be  an  option.  R,  has  a  damping  effect  on  any  Cv 
current  attenuation  thus  reducing  the  resulting 
pulse.  During  negative  ignition  pulse  production 
D4  provides  a  low  impedance  path  across  R-t  to 
enable  a  larger  pulse  to  be  passed.  The  negative 

so  ringing  pulse,  in  the  ballast  and  stray  capacitan- 
ces,  is  presented  to  the  trigger  network  via  D4  and 
D3,  causing  ZD1  to  trigger  TH1  into  conduction.  Cv 
charges  to  the  negative  pulse  height  and  is  then 
discharged  via  D,  and  R,  as  the  pulse  falls  and  the 

55  ringing  current  reverses. 
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When  the  lamp  has  started,  if  reignition  pulses 
are  less  than  the  breakdown  voltage  VZ,  of  ZD1 
no  switch  triggering  occurs.  As  a  result  of  intro- 
ducing  the  resistor  R,  the  capacitor  Cv  is  charged 
to  less  than  the  positive  peak  lamp  running 
voltage.  Hence  the  cumulative  voltage  applied  to 
the  trigger  circuit  during  running  is  now  con- 
siderably  less  than  twice  the  peak  lamp  running 
voltage  and  TH1  does  not  trigger.  Now  because 
only  positive  reignition  pulses  are  applied  to  Cv 
stressing  does  not  occur.  Resistor  R3  is  included 
across  TH1  to  ensure  that  on  lamp  starting, 
positive  cycle  charging  of  Cv  via  D,  and  R̂  can  be 
discharged  via  D4r  R3  and  D2. 

In  the  description  of  the  starting  cycles  of 
Figures  3  and  4  it  has  been  assumed  that  the 
switch  S  commutates,  as  preheat  current  returns 
to  zero,  and  supports  the  subsequent  ringing 
voltage.  For  standard  thyristors  with  slower 
response,  TH1  may  not  commutate  and  in  that 
case  Cv  receives  the  choke  current  'immediately  it 
reverses  through  TH1.  Thus  it  is  not  necessary  to 
retrigger  TH1  on  again  during  ignition  pulse 
production. 

The  circuit  of  Figure  3  in  its  practical  form  as 
shown  in  Figure  4  is  suitable  for  starting  many 
discharge  (fluorescent)  lamps,  in  particular  the 
well  known  T12  argon  filled  lamp.  However  a 
fluorescent  lamp  now  enjoying  increasing  use  is 
the  T8  Krypton  filled  lamp  which  has  a  higher 
ignition  voltage  than  earlier  lamps.  In  general  the 
circuit  of  Figure  4  is  not  suitable  for  starting 
lamps  such  as  T8  Krypton  filled  lamps  having 
high  reignition  voltages. 

The  circuit  of  Figure  4  provides  a  solution  to 
the  voltage  doubling  problem  in  fixed  voltage 
trigger  circuits  as  described  hereinbefore.  How- 
ever,  even  if  the  effect  can  be  completely  elimi- 
nated,  the  relatively  low  fixed  trigger  voltage 
renders  the  circuit  unsuitable  for  lamps  having 
reignition  voltages  approaching  300V  on  240V 
RMS  supplies  (or  275V  on  220V  supplies).  With 
such  lamps,  not  only  would  the  VDC  Cv  be 
stressed  but  cathode  heating  would  continue  to 
flow  due  to  triggering  of  the  switch  S  on  positive 
half  cycles  of  the  lamp  running  waveform. 

An  alternative  trigger  circuit  must  therefore  be 
considered. 

Figure  5  shows  a  further  development  of  the 
circuit  of  this  invention  which  overcomes  this 
problem  and  is  therefore  suitable  for  T8  Krypton 
filled  lamps.  The  trigger  network  of  Figure  4  is 
replaced  with  the  network  of  Diac  Ds,  resistor  R2 
and  capacitor  C,  and  resistors  R3  and  R4.  This  is 
in  fact  a  known  type  of  RC  delayed  thyristor 
switch  circuit  which  in  this  arrangement  dis- 
criminates  against  the  short  duration  large  re- 
ignition  pulses.  Resistors  R3  and  R4  serve  in  place 
of  R3  in  Figure  4  to  discharge  Cv.  The  use  of  a 
diac  trigger,  however,  requires  some  means  for 
suppressing  positive  pulses  to  protect  the 
switching  device  and  resistor  R,  is  included  for 
that  purpose. 

Figure  6  represents  a  further  development 
which  is  preferred  to  that  of  Figure  5  since  it 

includes  a  progressive  trigger  switch  of  the  type 
described  and  claimed  in  British  Patent  No. 
1  602  456  which  provides  a  progressively 
increasing  trigger  voltage  and  discontinuation  of 

5  triggering  if  the  lamp  does  not  start,  as  described 
in  that  Patent.  This  feature  ensures  that  the  VDC 
is  not  continually  stressed  if  the  lamp  does  not 
start. 

Figure  7a  shows  the  envelope  of  the  lamp 
10  voltage  waveform  when  attempting  to  start  a 

lamp  using  the  progressive  trigger  of  British 
Patent  No.  1  602  456  and  in  fact  corresponds 
substantially  to  Figure  5a  of  that  patent.  It  will  be 
seen  that  the  positive  envelope  is  rising  past  the 

15  point  at  which  the  lamp  would  normally  strike,  to 
a  maximum  at  the  point  at  which  the  switch 
ceases  to  trigger,  this  rise  corresponds  to  the  rise 
in  the  trigger  voltage  as  the  charge  on  capacitor 
C1  (Figure  6)  increases  up  to  ignition.  The  nega- 

20  tive  voltage  envelope,  which  is  the  envelope  of 
the  ignition  pulses  themselves,  is  of  constant 
amplitude  until  ignition  occurs  or  until  the  switch 
ceases  to  trigger. 

It  has,  however,  now  been  realised  that  this 
25  invention  allows  a  progression  of  the  amplitude 

of  the  ignition  pulses  themselves.  This  is 
achieved  by  an  appropriate  selection  of  the  value 
of  Rv  It  has  been  noted  in  relation  to  Figures  4 
and  5  that  Rn  controls  the  charging  of  Cv  during 

30  starting  (and  also  reduces  stressing  in  the  run 
mode).  In  the  arrangement  of  Figure  6,  R,  can  be 
selected  to  control  Cv  charging  so  that  the  ratio 
of  CVH  to  CVL  is  gradually  increased.  Thus  if  the 
positive  trigger  level  at  the  cathode  of  Di  pro- 

35  gressively  increases,  the  positive  voltage  across 
Cv  over  R,  also  progressively  increases,  fr 
example  from  below  +VCS  to  above  +VCS.  As  Cv 
is  carried  progressively  towards  and  into  positive 
saturation  the  Cv  negative  pulse  amplitude  pro- 

40  gressively  increases  due  to  the  hysteresis  effect. 
The  value  of  R1  must  be  low  enough  to  ensure 

that  ignition  pulses  of  sufficient  magnitude  are 
ultimately  produced  and  high  enough  to 

(i)  reduce  the  positive  pulse  amplitude  to 
45  within  the  switching  device  capability;  and 

(ii)  reduce  the  rate  of  increase  of  ignition 
pulses  to  prevent  "cold  starting"  (i.e.  lamp  ioni- 
zation  before  cathode  emission  temperature  is 
reached). 

so  A  careful  compromise  is  therefore  necessary, 
but  the  choice  will  provide  no  problem  to  a 
practical  circuit  engineer  in  view  of  the  values  of 
other  circuit  elements. 

For  low  values  of  R-i  the  envelope  will  be  the 
55  same  as  that  of  Patent  No.  1  602  456  and  as 

shown  in  Figure  7a. 
If  R,  is  increased  the  envelope  will  become  that 

of  Figure  7b  in  which  the  negative  pulse 
amplitude  starts  low  but  increases  to  maximum 

60  before  ignition. 
Further  increasing  R,  gives  the  envelope  of 

Figure  7c  which  provides  the  best  visual  lamp 
start  by  delaying  the  application  of  the  high 
negative  voltage  pulse  until  the  progression  volt- 

65  age  exceeds  the  lamp  re-ignition  voltage.  This  is 

5 
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advantageous  as  no  lamp  lonisation  occurs  while 
the  lamp  cathodes  are  being  heated,  and  then  the 
rapid  progression  of  high  negative  voltage  pulses 
ensures  a  flicker-free  start. 

The  envelope  of  Fig.  7c  is  also  preferable  in 
respect  of  lamp  life  by  reducing  cathode  damage 
and  the  resulting  "end  blackening"  associated 
with  lamp  ionization  before  the  cathodes  have 
reached  emission  temperature. 

The  circuit  of  Figure  6  does  suffer  from  one 
minor  defect  in  the  value  of  R,  required  to 
produce  the  preferred  progression  of  Figure  7c  is 
so  large  that  Cv  is  not  fully  positively  biassed 
within  the  starting  cycle  and  maximum  negative 
pulses  are  not  realised. 

A  preferred  circuit  for  production  purposes  is 
therefore  that  shown  in  Figure  8.  The  lamp  circuit 
and  lamp  voltage  waveforms  for  this  circuit  are 
shown  in  Figure  9  and  in  that  Figure  the  leading 
edge  of  the  negative  ignition  pulse  is  charac- 
terised  by  the  ringing  of  the  ballast  choke  and  the 
VDC  in  its  low  capacitance  state  (the  VDC  is 
connected  across  the  lamp  via  TH1). 

Since  the  VDC  has  not  been  positively  biassed 
no  high  voltage  pulse  due  to  capacitance  change 
occurs. 

A  first  part  of  a  voltage  rise  (determined  by  the 
breakdown  voltage  of  a  zener  diode  ZD2,  typically 
200V)  of  the  trailing  edge  is,  however,  characteris- 
tic  of  ballast/stray  capacitance  ringing  after  which 
the  VDC  begins  to  discharge,  remaining  clamped 
at  200V  below  the  voltage  across  the  starter  and 
ance  more  influencing  the  pulse  shape. 

In  the  region  B—  C  the  high  and  increasing 
positive  trigger  voltages  exceed  the  breakdown 
/oltage  of  ZD2  and  are  allowed  to  bias  Cv  pro- 
gressively  more  positive,  over  ZD2  and  Rv  This 
gives  rise  to  progressively  increasing  negative 
gnition  pulses,  with  a  steeply  rising  envelope, 
aecause  of  the  effect  of  the  hysteresis  as 
discussed  hereinbefore. 

At  C,  Cv  is  biassed  fully  to  +VCS  and  therefore 
:he  maximum  change  of  capacitance  is  achieved 
:o  produce  the  maximum  negative  going  ignition 
julses.  To  ensure  that  maximum  pulses  can  be 
achieved  R-,  is  a  comparatively  low  resistance 
/alue.  Therefore  in  the  region  C  —  D  the  negative 
gnition  pulse  amplitude  is  constant  at  its  maxi- 
num  value.  As  shown  in  Figure  9,  at  D  if  the  lamp 
las  not  started,  as  it  would  usually  have  done  as 
;hown  by  the  inset,  then  the  circuit  ceases  to 
jperate. 

In  the  region  C—  D  the  voltage  dependent 
:apacitor  Cv  also  produces  positive  pulses  at  fixed 
imes  (when  +VCS  is  reached)  and  consequently 
he  preheat  pulses  are  then  initiated  at  the  same 
:onduction  angle  and  cease  to  progress. 

Unless  the  lamp  strikes  the  progressing  posi- 
ive  Cv  pulses  would  of  themselves  keep  on 
riggering  the  switch  TH1  even  though  the  break- 
iown  voltage  of  ZD1  and  the  voltage  on  C, 
ogether  exceed  peak  mains.  For  this  response  it 
vould  appear  that  there  would  be  no  termination 
o  the  starting  period  until  the  trigger  voltage 
jrogresses  above  the  peak  positive  pulse  pro- 

duced  by  the  action  of  Cv.  A  further  zener  diode 
ZD3  is  therefore  included  to  terminate  the  starting 
period  with  ZD1  determining  the  initial  triggering 
level.  Thus  a  constant  starting  period  is  obtained 

5  independent  of  the  mains  supply  voltage. 
After  termination  of  the  starting  period  the 

voltage  dependent  capacitor  Cv  is  gain  forward 
biassed  via  diode  D,  and  consequently  it  pulses. 
The  pulse  then  obtained  is  not  limited  by  conduc- 

w  tion  of  TH1  and  may  reach  damaging  amplitudes. 
To  prevent  this  and  to  prevent  TH1  from  having  to 
withstand  such  pulses  a  zener  diode  ZD4  is 
added.  This  acts  in  conjunction  with  ZD3  to  limit 
the  magnitude  of  pulses  from  Cv. 

15  At  termination,  assuming  the  lamp  has  failed  to 
start,  the  trigger  voltage  has  risen  to  VR4  (defined 
by  R4C2  time  constant)  +vc1+VZD1  where 

Vd+VZD1=VZD3, 
20 

whereupon  any  subsequent  voltage  presented  to 
the  trigger  circuit  will  by  bypassed  via  ZD3.  If  this 
voltage  is  sufficiently  high  (for  example  if  Cv 
pulses),  the  voltage  across  R4  will  rise  and  ulti- 

25  mately  be  clamped  by  ZD4  thereby  protecting 
TH1. 

The  voltage  on  Cv  is  not  limited  to  VZD3.  When 
the  last  positive  pulse  occurs  (which  is  not  attenu- 
ated  by  conduction  of  TH1),  the  voltage  on  Cv 

30  reaches  a  peak  defined  by 

(VZD3+VZD4-V ZD2/a 

This  voltage  subsequently  discharges  towards 
35  peak  mains  voltage  (VZD3)  through  R1f  ZD2,  D5,  R4, 

ZD3,  D3  and  the  choke  on  the  next  negative  half 
cycle  although  the  actual  voltage  attained 
depends  essentially  on  the  time  constant  CVR4. 

The  value  of  R4  is  such  that  -Vcs  is  not  to  be 
to  exceeded  and  on  the  subsequent  positive  half 

cycle,  no  pulse  is  produced  and  Cv  charges  to  a 
voltage  of  +  peak  mains  voltage  (VZD2). 

This  cycle  then  continues  until  the  supply  is 
removed. 

is  Full  pulse  production  is  arranged  to  be  delayed 
(by  the  choise  of  ZD2)  until  the  trigger  voltage  has 
progressed  above  the  lamp  running  voltage.  The 
lamp  will  invariably  start  on  a  negative  ignition 
pulse  and  the  subsequent  positive  voltage 

;o  applied  to  the  starter  (that  is  the  lamp  running 
voltage),  whilst  remaining  below  the  trigger  volt- 
age,  will  still  allow  +VCS  to  be  exceeded.  The 
consequent  pulse  is,  however,  attenuated  by  the 
lamp  and  TH1  is  not  triggered,  the  VDC  thereby 

®  remaining  charged  to  the  peak  lamp  running 
voltage  minus  VZD2. 

This  voltage  is  then  superimposed  on  the 
following  negative  half  cycle  of  the  lamp  running 
voltage  and  presented  to  the  trigger  circuit.  How- 

o  ever,  the  time  constant  R4C2  prevents  TH1  from 
being  triggered,  some  charge  being  lost  from  the 
VDC  through  this  network. 

Cv  is  recharged  on  the  next  positive  half  cycle 
but  no  pulse  is  produced  since  -Vcs  has  not 

5  previously  been  exceeded.  The  cycle  will  then 

i 
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continue  throughout  the  period  of  lamp  oper- 
ation. 

Thus  ZD3  and  ZD4  perform  no  function  if  the 
lamp  strikes  before  the  end  of  the  available 
starting  period. 

When  the  lamp  is  running  any  positive  charg- 
ing  of  Cv  during  re-ignition  pulses  is  prevented 
from  triggering  TH1  by  the  delay  C2  and  R4.  Cv 
is  never  negatively  biassed,  since  TH1  is  always 
off,  and  consequently  no  positive  pulse  can  be 
produced  and  negative  re-ignition  pulses  see  a 
non-conducting  TH1. 

For  a  typical  production  circuit  of  the  form 
shown  in  Figure  8,  suitable  for  starting  T8  Kryp- 
ton  filled  lamps,  the  following  component 
values  are  suitable: 

R1  =  1  KD 
R2=1  KQ 
R3=4.7  MO 
R4=47  KD 

R5=10  MO 
R6=100O 

ZD1  =  110  Volts 
ZD2=200  Volts 
ZD3=285  Volts 
ZD4=200  Volts 

C1=0.1  uF 
C2=0.01  uF 

With  these  values  a  typical  starting  cycle  at 
240  volts  50  Hz  takes  one  second  and  a  typical 
peak  negative  pulse  reaches  2000  volts. 

It  should  be  noted  that  D4  and  R6  may  be 
omitted  but  in  that  case  the  value  of  should 
be  closer  to  that  given  above  for  R6. 

With  respect  to  all  of  the  description  herein, 
references  to  positive  and  negative  voltages  are 
with  respect  to  neutral  mains  so  that  all  of  the 
circuits  described  so  far  produce  negative 
pulses.  It  is,  however,  believed  that  for  circuits 
of  this  type  superior  lamp  starting  is  obtained 
from  positive  ignition  pulses  for  reasons  which 
are  not  entirely  understood. 

For  this  reason  Figure  10  shows  a  circuit 
which  is  in  all  essential  respects  the  same  as 
that  of  Figure  8,  and  is  suitable  for  starting  T8 
Krypton  filled  lamps,  but  produces  positive 
ignition  pulses.  Apart  from  the  conventional 
power  factor  correction  (PFC)  capacitor  the  most 
striking  difference  is  the  replacement  of  diode 
D2  with  three  individual  diodes.  This  is, 
however,  a  minor  matter  of  circuit  design.  It  will 
be  appreciated  in  consideration  of  the  operation 
of  this  circuit  the  description,  given  hereinbefore 
will  apply  with  appropriate  interchange  of 
polarities. 

It  will  be  appreciated  that  a  circuit  such  as 
that  of  Figure  10  takes  pre-heating  current  in 
one  direction  from  the  mains  supply  during 
starting.  This  is  clearly  undesirable  where  many 
such  starters  are  provided  in  one  installation. 
The  problem  may  be  reduced  however  if  a 
proportion  of  starters  (approaching  50% 

preferably)  take  current  of  the  opposite  polarity. 
This  may  be  arranged  for  circuits  such  as  that  of 
Figure  10  (or  Figure  8)  by  reversing  the  terminal 
block  connections  so  that,  as  shown  in  Figure 

5  10,  the  live  (L)  and  neutral  (N)  terminals  are 
reversed.  This  has  the  effect  of  moving  the 
ballast  choke  to  the  neutral  lead  so  that  the 
ignition  pulse  is  still  positive  (Figure  10) 
although  of  reduced  magnitude  relative  to 

io  neutral. 
Other  implementations  of  this  invention  will 

be  apparent  to  those  skilled  in  lighting  circuits. 

Claims 
15 

1.  A  discharge  lamp  starter  circuit  having  two 
starter  input  terminals  for  connecting  to  the 
cathodes  (2,  3)  of  a  discharge  lamp  (1)  to 
receive  a  cyclically  varying  voltage  supplied 

20  through  both  the  lamp  cathode  and  a  choke 
ballast  (5),  the  starter  circuit  including  a 
semiconductor  switch  (S),  triggerable  in 
response  to  a  voltage  thereacross,  a  voltage 
dependent  capacitor  (Cv)  capable  of  providing  a 

25  voltage  pulse  substantially  in  excess  of  twice 
the  peak  of  said  cyclically  varying  voltage  in 
response  to  a  voltage  pulse  higher  than  the 
saturation  voltage  thereof,  the  starter  circuit 
being  characterised  by  provision  of  a  circuit  (D1, 

30  D2,  D3)  arranged  to  cooperate  with  the  switch  to 
connect  the  switch  for  conduction  in  one 
direction  with  respect  to  the  input  terminals,  in 
one  part  of  a  starting  cycle,  to  pass  preheating 
current  through  the  lamp  cathodes,  and,  in 

35  another  part  of  said  starting  cycle,  to  connect 
the  switch  for  conduction  in  the  opposite 
direction  with  respect  to  the  input  terminals  and 
in  series  with  the  voltage  dependent  capacitor 
(Cv),  thereby  for  conducting  a  falling  current 

40  pulse  produced  by  the  voltage  dependent 
capacitor  to  provide  an  ignition  voltage  pulse 
across  the  lamp  (1). 

2.  A  starter  circuit  according  to  Claim  1  in 
which  said  circuit  arranged  to  cooperate  with 

45  said  switch  is  a  diode  steering  circuit  (D1,  D2, 
D3). 

3.  A  starter  circuit  according  to  Claim  1  or 
Claim  2  in  which  the  path  which  includes  the 
voltage  dependent  capacitor  further  includes 

so  means  to  prevent  the  voltage  dependent 
capacitor  charging  until  a  predetermined  voltage 
has  been  reached. 

4.  A  starter  circuit  according  to  any  one  of  the 
preceding  claims  in  which  the  path  which 

55  includes  the  voltage  dependent  capacitor  further 
includes  means  (R1)  for  damping  a  pulse  of  one 
polarity  resulting  from  saturation. 

5.  A  starter  circuit  according  to  any  one  of  the 
preceding  claims  which  includes  a  trigger  circuit 

so  (7)  for  the  semiconductor  switch. 
6.  A  starter  circuit  according  to  Claim  5  further 

including  a  circuit  (Ds,  C1f  R2  —  R4)  arranged  to 
cause  the  trigger  circuit  to  be  responsive  to  the 
cyclically  varying  voltage  selectively  in  prefer- 

65  ence  to  short  duration  voltage  pulses  thereby 

7 
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being  suitable  for  starting  lamps  exhibiting  high 
re-ignition  voltages. 

7.  A  starter  circuit  according  to  any  preceding 
claim  including  means  arranged  to  reduce  or 
prevent  stressing  of  the  voltage  dependent 
capacitor  when  the  lamp  is  running. 

8.  A  starter  circuit  according  to  any  preceding 
claim  including  a  circuit  requiring  a  progressively 
increasing  trigger  voltage  and  thereby  providing 
progressively  decreasing  preheat  current  pulses. 

9.  A  starter  circuit  according  to  any  preceding 
claim  arranged  to  provide  ignition  pulses  of  pro- 
gressively  increasing  magnitude,  at  least  after  a 
predetermined  portion  of  a  starting  period  and  up 
to  the  end  of  a  second  predetermined  portion. 

10.  A  starter  circuit  according  to  any  preceding 
claim  arranged  to  produce  positive  ignition 
pulses. 

Patentanspruche 

1.  Entladungs-Lampen-Starter-Schaltung  mit 
zwei  Starter-Eingangsklemmen  zum  AnschlieBen 
an  die  Kathoden  (2,  3)  einer  Entladungs-Lampe 
(1),  um  eine  sich  zyklisch  andernde  Spannung  zu 
empfangen,  die  durch  die  beiden  Lampen-Katho- 
den  und  eine  Vorschalt-Drossel  (5)  zugefuhrt 
wird,  wobei  die  Starter-Schaltung  einen  Halblei- 
ter-Schaltung  (5)  umfaSt,  der  in  Abhangigkeit 
einer  Spannung  uber  ihm  auslosbar  ist,  wobei  ein 
spannungsabhangiger  Kondensator  (Cv)  vorgese- 
hen  ist,  der  einen  Spannungs-lmpuis,  der  nen- 
nenswert  oberhalb  des  doppelten  Spitzen-Wertes 
der  genannten  sich  zyklisch  andernden  Spannung 
liegt,  in  Abhangigkeit  von  einem  Spannungs- 
lmpuis  erzeugen  kann,  der  hoher  als  die  Satti- 
gungs-Spannung  von  diesem  ist,  wobei  die  Star- 
ter-Schaltung  gekennzeichnet  ist  durch  das  Vor- 
sehen  einer  Schaltung  (D1,  D2,  D3),  die  mit  dem 
Schalter  so  zusammenarbeitet,  dalS  der  Schalter 
in  einem  Teil  eines  Startzyklus  fur  die  Leitung  in 
einer  Richtung  in  bezug  auf  die  Eingangsklem- 
men  angeschlossen  wird  und  einen  vorheizenden 
Strom  durch  die  Lampenkathode  schickt,  und  daft 
der  Schalter  in  einem  anderen  Teil  des  genannten 
Startzyklus  fur  die  Leitung  in  entgegengesetzter 
Richtung  in  bezug  auf  die  Eingangsklemmen  und 
in  Reihe  mit  dem  spannungsabhangigen  Konden- 
sator  (Cv)  angeschlossen  wird,  um  dadurch  einen 
von  dem  spannungsabhangigen  Kondensator 
erzeugten  falienden  Stromimpuls  zu  leiten  und 
einen  Zundspannungs-lmpuls  uber  der  Lampe  (1) 
zu  erzeugen. 

2.  Starter-Schaltung  nach  Anspruch  1,  bei  der 
die  fur  die  Zusammenarbeit  mit  dem  genannten 
Schalter  eingerichtete  Schaltung  eine  Dioden- 
Steuerungs-Schaltung  (D1,  D2,  D3)  ist. 

3.  Starter-Schaltung  nach  Anspruch  1  oder  2, 
bei  der  der  Weg,  der  den  spannungsabhangigen 
Kondensator  enthalt,  ferner  Mittel  einschlielSt,  die 
den  spannungsabhangigen  Kondensator  an  einer 
Aufladung  hindern,  bis  eine  vorgegebene  Span- 
nung  erreicht  worden  ist. 

4.  Starter-Schaltung  nach  einem  der  vorherge- 
henden  Anspruche,  bei  der  der  Weg,  der  den 

spannungsabhangigen  Kondensator  enthalt,  fer- 
ner  Mittel  (R1)  einschlieSt,  um  einen  Impuls  einer 
Polaritat,  der  von  der  Sattigung  herruhrt,  zu 
dampfen. 

5  5.  Starter-Schaltung  nach  einem  der  vorherge- 
henden  Anspruche,  der  eine  Trigger-Schaltung 
(7)  fur  den  Halbleiter-Schalter  einschlielSt. 

6.  Starter-Schaltung  nach  Anspruch  5,  die  fer- 
ner  eine  Schaltung  (Ds,  Cu  R2  —  R4)  umfalSt,  die 

w  bewirkt,  dalX  die  Trigger-Schaltung  auf  die  sich 
zyklisch  andernde  Spannung  selektiv  unter  Bevor- 
zugung  von  kurzzeitigen  Spannungs-lmpulsen 
anspricht,  wodurch  sie  zum  Starten  vo  Lampen 
geeignet  ist,  die  hohe  Wiederzund-Spannungen 

15  besitzen. 
o  7.  Starter-Schaltung  nach  einem  der  vorherge- 
henden  Anspruche,  die  Mittel  einschlieSt,  um 
eine  Beanspruchung  des  spannungsabhangigen 
Kondensators  zu  verringern  oder  zu  verhindern, 

20  wenn  die  Lampe  brennt. 
8.  Starter-Schaltung  nach  einem  der  vorherge- 

henden  Anspruche,  die  eine  Schaltung  umfalSt, 
die  eine  progressiv  zunehmende  Trigger-Span- 
nung  erfordert  und  dadurch  progressiv  abneh- 

25  mende  Vorheizstrom-lmpulse  erzeugt. 
9.  Starter-Schaltung  nach  einem  der  vorherge- 

henden  Anspruche,  die  so  eingerichtet  ist,  dalS  sie 
Zundimpulse  von  progressiv  zunehmender 
GrolSe  erzeugt,  mindestens  nach  einem  vorgege- 

30  benen  Tei  einer  Startperiode  und  bis  zum  Ende 
eines  zweiten  vorgegebenen  Teils. 

10.  Starter-Schaltung  nach  einem  dervorherge- 
henden  Anspruche,  die  so  eingerichtet  ist,  daft  sie 
positive  Zundimpulse  erzeugt. 

35 
Revendications 

1.  Un  circuit  de  starter  de  lampe  a  decharge 
ayant  deux  bornes  d'entree  de  starter  a  relier  aux 

40  cathodes  (2,  3)  d'une  lampe  a  decharge  (1  )  afin  de 
recevoir  une  tension  variant  cycliquement  fournie 
a  I'une  et  I'autre  des  cathodes  de  lampe,  ainsi 
qu'un  ballast  d'arret  (5),  le  circuit  de  starter 
comprenant  un  interrupteur  a  semiconducteur 

45  (S),  declenchable  en  reponse  a  une.  tension  pre- 
sents  a  ses  bornes,  un  condensateur  dependant 
de  la  tension  (Cv)  pouvant  fournir,  en  reponse  a 
une  impulsion  de  tension  superieure  a  sa  tension 
de  saturation,  une  impulsion  de  tension  nette- 

50  ment  superieure  a  deux  fois  la  tension  de  crete  de 
ladite  tension  variant  cycliquement,  ce  circuit  de 
starter  etant  caracterise  par  I'emploi  d'un  circuit 
(Di,  D2,  D3)  congu  pour  cooperer  avec  I'interrup- 
teur  de  maniere  a  relier  I'interrupteur  pour  per- 

@55  mettre,  sur  une  partie  d'un  cycle  d'allumage,  la 
conduction  dans  un  sens  par  rapport  aux  bornes 
d'entree  afin  de  faire  passer  un  courant  de  pre- 
chauffage  dans  les  cathodes  de  la  lampe  et,  sur 
une  autre  partie  de  ce  cycle  d'allumage,  a  relier 

60  I'interrupteur  pour  permettre  la  conduction  dans 
le  sens  oppose  par  rapport  aux  bornes  d'entree  et 
en  serie  avec  le  condensateur  dependant  de  la 
tension  (Cv),  permettant  ainsi  de  laisser  passer 
une  impulsion  descendante  de  courant  produite 

65  par  le  condensateur  dependant  de  la  tension  afin 
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de  fournir  une  impulsion  de  tension  d'allumage 
aux  bornes  de  la  lampe  (1). 

2.  Le  circuit  de  starter  de  la  revendication  1, 
dans  lequei  ledit  circuit  prevu  pour  cooperer  avec 
I'interrupteur  est  un  circuit  a  pilotage  par  diodes  s 
(D1,  D2,  D3). 

3.  Le  circuit  de  starter  de  la  revendication  1  ou  2, 
dans  lequei  le  trajet  qui  comprend  le  condensa- 
teur  dependant  de  la  tension  comprend  en  outre 
des  moyens  pbur  empecher  que  le  condensateur  10 
dependant  de  la  tension  ne  se  charge  avant 
qu'une  tension  predeterminee  n'ait  ete  atteinte. 

4.  Le  circuit  de  starter  de  I'une  des  revendica- 
tions  precedentes,  dans  lequei  le  trajet  qui  com- 
prend  le  condensateur  dependant  de  la  tension  w 
comprend  en  outre  des  moyens  (R1  )  pour  amortir 
une  impulsion  d'une  polarite  donnee  resultant  de 
la  saturation. 

5.  Le  circuit  de  starter  de  I'une  des  revendica- 
tions  precedentes,  qui  comprend  un  circuit  de  20 
declenchement  (7)  pour  I'interrupteur  a  semicon- 
ducteur. 

6.  Le  circuit  de  starter  de  la  revendication  5, 
comprenant  en  outre  un  circuit  (DS,  C1,  R2  —  R4) 
concu  pour  rendre  le  circuit  de  declenchement  25 

sensible  a  la  tension  variant  cycliquement,  selecti- 
vement  de  preference  a  des  impulsions  de  ten- 
sion  de  courte  duree,  de  maniere  a  le  rendre 
approprie  a  I'allumage  de  lampes  presentant  des 
tension  de  reallumage  elevees. 

7.  Le  circuit  de  starter  de  I'une  des  revendica- 
tions  precedentes,  comprenant  des  moyens 
congus  pour  reduire  ou  empecher  la  surcharge  du 
condensateur  dependant  de  la  tension  lorsque  la 
lampe  est  en  fonctionnement  normal. 

8.  Le  circuit  de  starter  de  I'une  des  revendica- 
tions  precedentes,  comprenant  un  circuit  ayant 
besoin  d'une  tension  de  declenchement  progres- 
sivement  croissante,  produisant  de  la  sorte  des 
impulsions  de  courant  de  prechauffage  progressi- 
vement  decroissantes. 

9.  Le  circuit  de  starter  de  I'une  des  revendica- 
tions  precedentes,  congu  pour  produire  des 
impulsions  d'allumage  d'amplitude  progressive- 
ment  croissante,  au  moins  apres  une  partie  pre- 
determinee  d'une  periode  d'allumage  et  jusqu'a 
la  fin  d'une  seconde  partie  predeterminee. 

10.  Le  circuit  de  starter  de  I'une  des  revendica- 
tions  precedentes,  congu  pour  produire  des 
impulsions  d'allumage  positives. 
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