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@)  Electronic  starter  for  fluorescent  lamps. 
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(57)  A  starter  circuit  of  the  half-wave  (rectifying) 
type  has  terminals  (X,Y)  connected  between  the 
cathodes  of  a  fluorescent  tube  (T)  which  are  in 
turn  connected  in  series  with  a  ballast  inductor 
L  to  the  mains  supply.  The  starter  circuit  in- 
cludes  a  Fluoractor  device  (F)  which  is  controll- 
ably  triggered  to  operate  in  a  first  phase 
providing  heater  current  for  the  cathodes  and  in 
a  subsequent  phase  to  generate  high  voltage 
ignition  pulses  with  the  aid  of  the  inductor  L 
The  gate  circuit  of  the  Fluoractor  device  (F)  is 
shunted  by  a  bipolar  or  field  effect  transistor 
(TR2,  TR1)  to  divert  current  entirely  from  the 
Fluoractor  if  the  fluorescent  tube  (T)  fails  to 
strike  after  a  certain  period.  A  timing  circuit 
including  two  capacitors  (C3,  C4)  in  a  charge 
pump  arrangement  is  connected  through  a 
diode  (D5)  between  terminals  (X,Y)  to  charge 
one  of  the  capacitors  (C4)  in  the  supply  half- 
cycles  of  opposite  polarity  to  those  to  which  the 
Fluoractor  (F)  responds.  Charge  increments  are 
transferred  to  the  other  capacitor  (C3)  building 
up  a  bias  voltage  applied  to  the  transistor  (TR2, 
TR1)  to  turn  it  on  and  cause  the  starter  circuit  to 
enter  first  a  pulsing  mode  and  then  a  quiescent 
mode. 
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This  invention  relates  to  a  circuit  for  starting  a  dis- 
charge  lamp,  such  as  a  fluorescent  lamp,  and  partic- 
ularly  to  the  types  of  fluorescent  lamp  starter  circuit 
which  utilise  half-wave  rectified  current  to  pre-heat 
the  lamp  cathodes. 

A  particular  application  of  the  invention  is  to  star- 
ter  circuits  which  employ  a  fluorescent  lamp  electron- 
ic  starter  switch  device  of  the  kind  described  in  Spec- 
ification  GB-A  2201307  (Martin).  More  particularly 
the  starter  switch  device  is  a  device  such  as  that 
known  as  a  Fluoractor  available  from  Texas  Instru- 
ments.  The  Fluoractor  device  and  its  use  in  starter  cir- 
cuits  for  fluorescent  lamps  is  described  in  Specifica- 
tions  EP-A  01  18309  and  EP-A0269485  (Texas  Instru- 
ments). 

The  starter  circuits  disclosed  in  the  three  specifi- 
cations  referred  to  in  the  preceding  paragraph  are 
concerned  with  the  use  of  Fluoractor  devices  in  full- 
wave  operation,  that  is  the  circuits  are  energised  on 
each  half-cycle  of  the  applied  mains  power  supply,  as 
by  feeding  the  circuits  through  a  bridge  rectifier.  The 
present  invention  is  concerned  with  starter  circuits  in 
which  the  Fluoractor  device  is  triggered  in  half-cycles 
of  one  polarity  of  the  applied  mains  supply.  An  exam- 
ple  of  this  type  of  circuit  is  described  in  Specification 
GB-A  2234868  (Martin).  Fig.  1  of  the  accompanying 
drawings  is  reproduced  from  this  specification  to 
which  reference  can  be  made  for  a  fuller  description 
of  that  circuit.  It  is  noted  that  the  device  F  shown  in  Fig. 
1  is  a  Fluoractor  having  anode,  gate  and  cathode  ter- 
minals  A,  G  and  K  respectively.  The  device  F  provides 
the  main  current  path  of  the  starter  circuit. 

The  timing  means  of  fluorescent  lamp  starter  cir- 
cuits  is  commonly  provided  by  deriving  a  low  voltage 
as  a  result  of  the  main  current  flow  and  using  that  vol- 
tage  to  charge  a  timing  capacitor  through  a  resistor. 
This  is  exemplified  in  Fig.  1  by  the  forward  voltage  of 
diodes  D2,  D3  and  D4  charging  capacitor  C1  through 
R12  and  R1  3.  An  alternative  to  the  three  diodes  of  Fig. 
1  is  to  place  a  low  voltage  Zener  diode  (Z1)  in  the  cur- 
rent  path  to  achieve  the  same  effect  (Fig.  2).  The  Zen- 
er  diode  voltage  is  typically  4.7  volts.  Because  the  RC 
timing  is  fed  from  a  low  voltage  and  because  the  tim- 
ing  relies  on  the  capacitor  C1  charging  from  zero  to 
typically  1.5v,  the  value  of  the  capacitance  needed  in 
practice  is  high.  Values  of  22p.  to  100|*F  are  common. 
The  only  reasonable  course  is  to  use  an  electrolytic 
capacitor  in  positions  such  as  C1. 

Electrolytic  capacitors  are  small  and  inexpensive 
but  they  have  a  number  of  disadvantages.  In  particu- 
lar  the  temperature  range  over  which  they  will  operate 
is  restricted  and  their  working  and  shelf  lives  are  lim- 
ited.  The  variation  of  the  initial  capacitance  value  of  an 
electrolytic  capacitor  and  changes  of  value  during  use 
are  both  high  so  that  variations  in  timing  values  for 
starters  relying  on  these  capacitors  is  considerable 
(typically  +/-  40%  or  more). 

Embodiments  of  the  present  invention  will  be  de- 

scribed  hereinafter  in  which  it  is  possible  to  replace 
the  low  voltage,  high  capacitance  of  the  timing  means 
by  much  lower  values  of  capacitance  working  over 
much  larger  voltage  excursions.  Such  capacitors  are 

5  readily  available  with  close  tolerance  values  and  good 
stability  when  working  over  wide  temperature  ranges. 
They  also  maintain  their  characteristics  over  a  long 
working  life. 

Broadly  stated,  according  to  one  aspect  of  the 
10  present  invention  there  is  provided  a  fluorescent  lamp 

starter  circuit  in  which  one  polarity  of  the  AC  voltage 
is  used  for  heating  the  lamp  cathodes  and  the  other 
polarity  is  used  to  charge  a  capacitor  in  a  series  of 
steps  resulting  from  the  charge  and  discharge  of  a 

15  second  capacitor,  in  order  to  define  and  control  the 
time  of  heating  and  high  voltage  pulsing  provided  by 
the  starter. 

Other  aspects  and  features  of  this  invention  are 
set  out  in  the  Claims  following  this  description. 

20  For  a  better  understanding  of  the  invention  and  its 
practice  embodiments  of  it  will  now  be  described  with 
reference  to  Figs.  3  -  13  of  the  accompanying  draw- 
ings.  In  the  drawings: 

Fig.  1  shows  a  prior  half-wave  starter  circuit  em- 
25  ploying  a  Fluoractor  device; 

Fig.  2  shows  a  modification  of  the  circuit  of  Fig. 
1; 
Fig.  3  shows  a  half-wave  starter  circuit  embody- 
ing  the  present  invention; 

30  Fig.  4.  is  a  diagram  of  the  waveform  developed  on 
the  capacitor  C4  in  the  circuit  of  Fig.  3; 
Figs  5,  6  and  7  are  waveforms  illustrating  the  op- 
eration  of  the  circuit  of  Fig.  3  during  successive 
phases  of  its  operation; 

35  Figs  8,  9  and  10  show  modifications  in  the  charge 
pump  arrangement  of  the  circuit  of  Fig.  3; 
Fig.  11  shows  a  modification  of  the  circuit  Fig.  3 
to  use  a  field  effect  transistor  (FET)  instead  of  the 
bipolar  transistor  controllable  switch  to  control  the 

40  gate  of  the  Fluoractor; 
Fig.  12  shows  a  modification  of  the  starter  circuit 
of  Fig.  3  which  reduces  the  voltage  rating  required 
of  certain  components;  and 
Fig.  13  is  a  table  illustrating  typical  circuit  values 

45  for  the  circuit  of  Fig.  12. 
In  Figs  3  -  12,  circuit  elements  corresponding  to 

those  of  Figs.  1  and  2  discussed  above  are  given  the 
same  reference  symbols.  The  description  that  follows 
will  concentrate  on  those  parts  of  the  starter  circuits 

so  and  their  operation  that  differ  from  the  circuit  of  Fig. 
1.  As  already  mentioned,  further  description  of  that 
circuit  is  to  be  found  in  GB-A  2234868. 

Circuits  of  the  type  shown  in  Figs.  1  and  2  are 
characterised  by  the  fact  that  they  operate  on  only  one 

55  polarity  of  mains  voltage.  They  are  known  as  rectify- 
ing  or  half-wave  types.  In  the  circuits  of  Figs.  1  and  2, 
as  drawn,  only  the  positive  half  cycle  of  the  supply  is 
conducted  by  the  starter  for  heating  and  high  voltage 
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generation.  When  conduction  ceases  in  the  positive 
direction  the  voltage  at  the  starter  terminals  goes  fully 
negative  to  the  value  of  the  supply  voltage. 

This  negative  voltage  excursion  is  used  in  em- 
bodiments  of  the  present  invention  to  derive  the  main  5 
timing  function. 

Fig.  3  shows  a  half-wave  type  of  starter  circuit  as 
connected  to  a  lamp.  A  fluorescent  lamp  or  tube  T  of 
the  type  having  heated  cathodes  is  connected  to  the 
mains  supply  Vs  through  the  conventional  ballast  in-  10 
ductor  L.  The  starter  circuit  is  connected  between  the 
circuit  points  X  and  Y  so  as  to  be  in  series  with  the 
cathodes  of  tube  T  for  the  flow  of  heating  current  and 
in  parallel  with  the  tube  for  the  generation  of  the  high 
voltage  ignition  pulses.  The  heating  current  path  ex-  15 
tends  through  the  controllable  Fluoractor  device  F. 
The  half-wave  operation  of  device  F  and  its  gate  con- 
trol  circuitry  (on  positive  half-waves  as  shown)  is  en- 
sured  by  diode  D1.  The  flow  of  triggering  current  to 
gate  G  of  device  F  is  controlled  by  the  fully  controlla-  20 
ble  transistor  switch  TR2  which  is  constituted  by  a 
Darlington  pair  transistor.  The  switch  transistor  is  op- 
erable  when  turned  on  by  control  of  its  base  to  divert 
current  from  the  gate  G.  This  control  includes  divert- 
ing  triggering  current  from  entering  the  gate  to  turn  25 
the  device  F  on,  and  also,  when  the  device  F  is  con- 
ducting,  diverting  latching  current  from  the  gate  in  or- 
der  to  turn  the  device  off. 

The  large  value  capacitor  C1  of  Fig.  1  or  Fig.  2  is 
replaced  in  the  circuit  of  Fig.  3  by  C4  a  small  value  ca-  30 
pacitor  (typically  10  to  30nF)  and  C4  is  charged  neg- 
atively  via  a  main  timing  capacitor  C3  (value  typically 
30  to  150nF).  The  capacitor  C3  is  connected  to  the 
mains  supply  side  of  diode  D1  through  the  oppositely- 
poled  diode  D5,  capacitors  C3  and  C4  being  in  series  35 
with  this  diode  between  starter  terminals  X,  Y.  The  cir- 
cuit  operates  as  follows  (referring  to  Fig.  3). 

Initially  the  capacitors  are  at  zero  voltage.  When 
the  mains  supply  is  applied  the  first  negative  going 
half  cycle  which  occurs  causes  C4  and  C3  to  charge  40 
negatively  through  the  diode  D5.  The  capacitance  val- 
ue  of  C4  is  smaller  than  that  of  C3  (typically  C3s5xC4) 
so  C4  charges  to  a  higher  negative  voltage  than  C3. 
The  negative  voltage  on  C4  gives  a  negative  voltage 
on  the  base  of  the  clamping  transistor  TR2  and  main-  45 
tains  TR2  in  a  non-conducting  state.  In  the  following 
positive  half  cycle,  the  Fluoractor,  or  similar  device,  F, 
acts  in  its  thyristor  mode  and  triggers  and  conducts 
without  any  modification  of  the  operation  by  the  clamp 
device  TR2.  During  the  positive  conduction  half  cycle,  50 
C4  is  charged  towards  the  Zener  diode  Z1  voltage  via 
resistors  R12  and  R13.  Values  are  chosen  such  that, 
at  first,  the  voltage  on  the  base  of  TR2  stays  below 
zero. 

On  the  next  negative  half  cycle,  the  voltage  on  C4  55 
is  driven  negative  again,  but  not  quite  as  far  as  the 
previous  negative  half  cycle  because  C3  has  retained 
a  voltage  from  the  previous  negative  excursion.  Re- 

sistor  R15  connected  across  C3  and  C4  is  made  suf- 
ficiently  high  in  value  to  allow  this.  Repeated  cycling 
causes  C3  to  charge  up  whilst  C4  cycles  up  and  down 
again  in  voltage  with  the  mean  voltage  rising  as  C3 
charges  up  over  successive  cycles.  The  resulting  wa- 
veform  of  voltage  on  C4  is  shown  in  Fig.  4. 

In  practice,  the  negative  voltage  maximum  occur- 
ring  at  the  base  of  TR2  can  be  quite  high  and  it  would 
be  necessary  with  the  basic  circuit  as  given  in  Fig.  3 
to  place  a  diode,  connected  in  the  same  sense  as  the 
base-emitter  junction  of  TR2,  in  series  with  the  base 
connection  from  R12  and  R13  in  order  to  prevent 
damage  from  too  high  a  reverse  Vbe. 

The  functioning  of  the  circuit  of  Fig.  3  operates  in 
four  distinct  phases.  Whilst  the  voltage  on  the  base  of 
TR2  is  cycling  below  zero  (the  left-hand  portion  of  Fig. 
4),  the  Fluoractor  F  is  triggered  into  conduction  on 
each  positive  half  cycle  and  provides  heating  current 
to  the  cathodes.  This  first  phase  of  operation  is  illu- 
strated  by  the  waveforms  of  Fig.  5  in  which  dash  line 
Vs  is  the  mains  supply,  full  line  Vx  is  the  voltage  be- 
tween  terminals  X  and  Y,  and  lA  is  the  heating  current 
flowing  through  the  Fluoractor  F. 

When  the  charge  built  up  in  C3  is  sufficient  to  al- 
low  the  voltage  excursions  of  C4  to  reach  a  level  high 
enough  to  permit  TR2  to  turn  on  under  control  of  cur- 
rent  in  R12  from  Z1  (as  the  waveform  of  Fig.  4  enters 
the  right-hand  portion  where  the  CLAMP  THRESH- 
OLD  refers  to  the  voltage  at  which  TR2  turns  on),  then 
high  voltage  pulses  are  generated  by  device  F  be- 
cause  TR2  clamps  the  gate  during  part  of  the  conduc- 
tion  cycle  and  causes  a  gate  turn-off  action  when  the 
current  lA  in  the  Fluoractor  F  reduces  to  approximately 
200mA  (assuming  that  the  device  F  is  the  Texas  In- 
struments  Y1111,  Y1112  or  similar).  This  constitutes 
the  second  phase  of  operation  illustrated  in  Fig.  6, 
where  lH  is  the  holding  current  value,  reduction  below 
which  turns-off  device  F  causing  the  generation  of  the 
high  voltage  pulse  in  the  waveform  Vx.  It  will  be  seen 
that  because  the  turn-off  is  late  in  the  half  cycle,  there 
is  a  combination  of  heating  current  and  pulsing  in  this 
phase. 

The  third  phase  occurs  as  C3  charges  still  further 
so  that  TR2  comes  on  increasingly  early  in  the  con- 
duction  period  of  device  F.  If  it  does  so  when  the  main 
current  is  below  200mA,  device  F  is  caused  to  unlatch 
immediately  so  high  voltage  pulsing  occurs  early  in 
the  positive  half  cycle  as  seen  in  Fig.7.  In  this  phase 
there  is  no  significant  heating  current. 

Finally  when  the  voltage  on  C3  is  high  enough  to 
in  effect  blockany  significant  discharging  (or  negative 
charging)  of  C4,  then  TR2  remains  on  all  the  time  and 
no  current  flows  in  device  F.  The  starter  is  then  in  its 
quiescent  or  timed-out  phase. 

The  advantage  of  two  phases  of  high  voltage 
pulsing  -  one  with  heating  current  still  applied  and  one 
without,  is  that  under  normal  conditions  the  lamp  will 
start  as  soon  as  the  high  voltage  pulses  start,  but  a 
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lamp  which  is  not  sufficiently  warm  at  this  stage  will 
continue  to  heat  and  start  later  in  the  second  phase 
or  if  necessary  in  the  third.  The  starter  is  thus  adaptive 
i.e.  the  start  time  adapts  in  length  of  operation  to  the 
requirements  of  the  particular  lamp. 

Another  advantage  of  this  method  of  timing  the 
starter  is  that  when  a  lamp  runs  in  the  normal  way,  the 
voltage  to  which  C3  must  charge  to  make  the  start  ac- 
tion  cease  is  the  comparatively  low  voltage  of  the 
lamp.  Thus  if  the  lamp  extinguishes,  eg.  because  of  a 
short  break  in  the  supply,  the  start  action  described 
above  will  recommence  and  the  lamp  will  restart. 
Starters  of  the  kind  shown  in  Fig.  1  cannot  do  this  as 
they  require  a  finite  resetting  time.  Variations  of  the 
basic  circuit  of  Fig.  3  will  now  be  described. 

The  principle  of  operation  is  the  same  as  already 
described  but  there  are  practical  advantages  and  dis- 
advantages  to  various  ways  of  achieving  the  charge 
pumping  action  of  the  two  capacitors,  C3  and  C4  to 
provide  the  desired  starter  circuit  timing. 

In  contrast  to  the  embodiments  so  far  discussed, 
Fig.  8  shows  C4  connected  to  the  opposite  terminal 
of  C3.  C4  is  connected  directly  between  the  points  X 
and  Y  through  the  diode  D5  to  be  charged  in  negative 
half-cycles.  As  before,  C4  is  subject  to  large  excur- 
sions  of  negative  voltage,  whilst  C3  charges  in  smaller 
increments  which  accumulate  over  a  number  of  cy- 
cles.  The  charge  from  C4  empties  into  C3  between 
successive  negative  charging  half-cycles  through  the 
cathode  circuit  of  the  Fluoractor  F. 

Figs.  9  and  10  show  alternative  connections  of 
the  electrode  of  capacitor  C4  remote  from  C3  which 
leads  to  the  Y  terminal.  These  alternatives  have  ad- 
vantages  in  providing  greater  stability  in  the  timed  out 
or  quiescent  condition.  In  Fig.  9  the  capacitor  C4  is 
connected  to  the  Y  side  of  the  starter  circuit  via  the 
Zener  diode  Z1;  in  Fig.  10  it  is  connected  to  the  Flu- 
oractor  gate  G  and  hence  to  the  Y  side  of  the  circuit 
through  internal  resistance  (not  shown)  in  the  gate- 
cathode  path  of  the  Fluoractor  F  and  the  diode  21. 
These  alternative  connections  of  C4  can  apply  to  cir- 
cuits  based  on  Fig.  3  or  Fig.  8. 

Fig.  11  shows  the  Darlington  Transistor  TR2  to  be 
replaced  with  a  Field  Effect  Transistor  (FET)  TR1  in 
the  circuit  of  Fig.  3.  The  FET  TR1  can  be  substituted 
for  the  bipolar  transistor  TR2  generally  in  the  various 
circuits  that  have  been  described. 

In  the  basic  circuit  of  Fig.  3,  capacitors  C3  and  C4 
need  a  voltage  rating  equal  to  the  peak  mains  voltage. 
Fig.  12  shows  a  circuit  in  which  this  requirement  is 
eased.  A  resistor  R1  6  of  relatively  high  value  is  placed 
in  series  with  D5  to  provide  a  voltage  drop  because  of 
the  current  in  R1  5  and  the  charging  current  in  C3  and 
C4.  This  resistor  also  has  the  effect  of  reducing  the 
negative  maximum  voltage  at  the  base  of  transistor 
TR2.  Also,  in  the  circuit  of  Fig.  3,  diode  D5  must  have 
a  very  high  PIV  rating  (2000V),  but  if  it,  as  well  as  the 
Fluoractor  gate  circuit,  is  fed  through  R1  ,  with  an  extra 

diode  D6  connecting  R1  to  the  gate  of  device  F,  the 
PIV  rating  of  D5  can  be  reduced  to  400V.  It  will  be  not- 
ed  that  diode  D1  is  now  placed  separately  in  the 
anode  circuit  of  the  Fluoractor.  The  table  of  Fig.  13 

5  shows  suitable  values  for  the  starter  circuit  of  Fig.  1  2. 
These  values  provide  an  initial  start  time  (until  the  first 
high  voltage  pulse)  of  approximately  0.3  seconds  and 
a  total  start  time  until  time-out  of  approximately  0.75 
seconds. 

10 

Claims 

1  .  A  starter  circuit  of  the  half-wave  (rectifying)  type 
15  for  controlling  the  flow  of  heating  current  in,  and 

generation  of  ignition  pulses  for,  a  heated  cath- 
ode  type  of  discharge  lamp  connected  in  series 
with  a  ballast  inductor  to  an  alternating  current 
supply,  the  starter  circuit  including  a  timing  circuit 

20  for  causing  the  starter  circuit  to  enter  a  quiescent 
mode  if  the  discharge  lamp  fails  to  ignite,  and  the 
timing  circuit  including  a  first  capacitor  for  receiv- 
ing  increments  of  charge  over  a  succession  of 
supply  cycles  to  cause  entry  into  said  quiescent 

25  mode  in  the  absence  of  ignition  of  the  discharge 
lamp,  characterised  by:  a  second  capacitor  and 
rectifier  means  connected  to  charge  the  second 
capacitor  in  supply  half-cycles  of  the  opposite  po- 
larity  to  those  in  which  the  starter  circuit  is  nor- 

30  mally  operative,  and  said  first  and  second  capac- 
itors  being  connected  in  a  charge  pump  circuit  to 
transfer  an  increment  of  charge  from  the  second 
to  the  first  capacitor  following  each  charging  of 
the  second  capacitor. 

35 
2.  A  starter  circuit  of  the  half-wave  (rectifying)  type 

for  controlling  the  flow  of  heating  current  in,  and 
generation  of  ignition  pulses  for,  a  heated  cath- 
ode  type  of  discharge  lamp  connected  in  series 

40  with  a  ballast  inductor  to  an  alternating  current 
supply,  the  starter  circuit  comprising  terminals  for 
connection  to  the  discharge  lamp,  a  gate- 
controlled  thyristor  device  in  a  main  current  path 
between  the  terminals,  half-wave  rectifier  means 

45  to  ensure  the  thyristor  device  is  triggered  on  sup- 
ply  cycles  of  one  polarity  only;  and  a  gate  control 
circuit  for  the  thyristor  device  including  a  timing 
circuit  for  causing  the  starter  circuit  to  enter  a  qui- 
escent  mode  if  the  discharge  lamp  fails  to  ignite, 

so  said  timing  circuit  including  a  first  capacitor  for 
developing  a  bias  voltage  on  reaching  a  predeter- 
mined  value  of  which  said  quiescent  mode  is  en- 
tered,  characterised  by: 

a  second  capacitor  and  rectifier  means 
55  connected  between  said  terminals  to  charge  the 

capacitor  on  supply  half-cycles  of  the  opposite 
polarity  to  said  one  polarity  and  said  first  and  sec- 
ond  capacitors  being  interconnected  to  transfer  a 

4 
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portion  of  the  charge  developed  on  said  second 
capacitor  in  one  supply  half-cycle  to  the  first  ca- 
pacitor  on  the  succeeding  half-cycle  to  increment 
the  voltage  on  the  first  capacitor  towards  said  pre- 
determined  value.  5 

A  starter  circuit  as  claimed  in  Claim  2  in  which 
said  thyristor  device  is  a  fluorescent  lamp  elec- 
tronic  starter  switch  device  (such  as  a  Fluorac- 
tor).  10 

Astarter  circuit  as  claimed  in  Claim  2  or  3  in  which 
said  gate  control  circuit  comprises  a  controllable 
switch  device  connected  to  the  gate  of  the  thyris- 
tor  device  and  operable  when  turned  on  to  divert  15 
current  from  the  gate,  said  switch  device  having 
a  control  terminal  to  which  said  timing  circuit  is 
connected  to  apply  said  bias  voltage  thereto,  said 
bias  voltage  acting  to  turn  on  the  switch  device  on 
reaching  said  predetermined  value.  20 

A  starter  circuit  as  claimed  in  Claim  4  in  which 
said  first  and  second  capacitors  are  connected  in 
series  with  a  diode  between  said  terminals,  and 
the  control  terminal  of  said  switch  device  is  con-  25 
nected  to  a  circuit  point  intermediate  said  capac- 
itors. 

A  starter  circuit  as  claimed  in  Claim  5  in  which 
means  are  connected  in  the  cathode  circuit  of  30 
said  thyristor  device  to  develop  a  predetermined 
voltage  during  conduction  of  the  thyristor  device, 
said  means  in  the  cathode  circuit  being  connect- 
ed  to  said  control  terminal. 

Astarter  circuit  as  claimed  in  Claim  5  or  6  in  which 
the  electrode  of  said  second  capacitor  remote 
from  said  first  capacitor  is  connected  directly  to 
one  terminal  of  the  starter  circuit. 

35 

40 
8.  A  starter  circuit  as  claimed  in  Claim  6  in  which  the 

electrode  of  said  second  capacitor  remote  from 
said  first  capacitor  is  connected  to  a  circuit  point 
intermediate  the  cathode  of  said  thyristor  device 
and  means  in  the  cathode  circuit.  45 

9.  Astarter  circuit  as  claimed  in  Claim  5  or  6  in  which 
the  electrode  of  said  second  capacitor  remote 
from  said  first  capacitor  is  connected  to  the  gate 
of  said  thyristor  device.  50 

10.  A  starter  circuit  as  claimed  in  any  one  of  Claims 
5-9  in  which  said  first  capacitor  is  connected  to  an 
intermediate  point  of  a  resistive  divider  arrange- 
ment  in  series  with  said  diode  between  the  termi-  55 
nals  of  the  starter  circuit. 

5 



EP  0  520  735  A1 

L 

Vc 

RGr   1 

L 

■01- 

p. 

TR2 

R13 
T  

X  

F 

Rl4  

f i g   2  

6 



EP  0  520  735  A1 



EP  0  520  735  A1 

8 



EP  0  520  735  A1 

Pis" 

C3 T R 2  

R B  

M &   8  

5 h  

Ri 

~3 

FR2 
L 

r  

?13 

1IL_ 

H  
2 4  



EP  0  520  735  A1 

A ■Of- 

D s A  Ri 

> 3  Ri2 

Pis- 
TR2 N  

FIG  1 0  

4  

P i  

-3 

TR1> 

Riz 

34- 

0 



EP  0  520  735  A1 

A  O  

F  

i?£F  V^LUE  t?ET  V A L U E  

i?is  4 m 7   2 ,   4 - 7 v  
~  —  i 

1 



EP  0  520  735  A1 

European  Patent 
Office EUROPEAN  SEARCH  REPORT Application  Number 

EP  92  30  5744 
DOCUMENTS  CONSIDERED  TO  BE  RELEVANT 

Category Citation  of  document  with  indication,  where  appropriate, of  relevant  passages 
Relevant 
to  claim 

CLASSIFICATION  OF  THE APPLICATION  ant.  C1.5  ) 
EP-A-Q  170  528  (MARTIN) 

*  page  6,  line  8  -  page  7,  Hne  Z5;  figures  1,2 

EP-A-0  333  359  (THORN) 
*  column  5,  line  57  -  column  6,  line  27;  figure 
1  * 

1,2,5, 
8-10 

1-4,6 

H05B41/04 

EP-A-0  407  170  (MOTOROLA) 
*  abstract;  figure  1  * 

TECHNICAL  FIELDS 
SEARCHED  (Int.  CI.  5  ) 

H05B 

The  present  search  report  has  been  drawn  up  for  all  claims 
Place  of  learck 

THE  HAGUE 
Date  of  caaplatiaa  of  the  iearta 
02  SEPTEMBER  1992 SPEISER  P. 

CAIKUUKY  Of  CITED  DOCUMENTS 
X  :  particularly  relevant  if  taken  alone Y  :  particularly  relevant  if  combined  with  another document  of  the  same  category A  :  technological  background O  :  non-written  disclosure P  :  intermediate  document 

T  :  theory  or  principle  underlying  the  invention E  :  earlier  patent  document,  but  published  on,  or after  the  filing  date 
D  :  document  cited  in  the  application L  :  document  dted  for  other  reasons 

member  of  the  same  patent  family,  corresponding document 

12 


	bibliography
	description
	claims
	drawings
	search report

