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©  Self-oscillating  circuit  for  driving  a  gas  discharge  lamp,  particularly  for  use  on  board  a  motor  vehicle. 
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©  The  circuit  comprises  a  capacitor  (CO)  which 
is  alternately  discharged  and  charged  in 
synchronism  with  the  signal  which  develops 
across  the  terminals  of  a  resistor  (9)  operating 
to  detect  the  current  in  the  lamp  (L).  A  sawtooth 
wave  form  (D)  is  thus  obtained,  which  is  com- 
pared  with  a  threshold  level  (Sa)  which  is  varied 
in  dependence  on  the  current  which  it  is  neces- 
sary  to  provide  to  the  lamp  (L).  On  the  basis  of 
this  comparison  logic  signals  (J,  K)  are  pro- 
duced  which  are  utilised  to  control  the  power 
switches  (3a,  3b)  of  the  inverter  (1)  which  con- 
trols  the  lamp  (L). 
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The  present  invention  relates  to  a  self-oscillating 
circuit  for  driving  a  gas  discharge  lamp,  particularly 
for  use  in  motor  vehicle  headlights  or  spotlights. 

More  specifically,  the  invention  relates  to  a  self- 
oscillating  circuit  comprising 

-  an  inverter  having  two  circuit  branches  con- 
nectable  to  a  DC  voltage  source  and  including 
respective  electronic  switching  means  in  series 
with  a  respective  primary  winding;  the  primary 
windings  of  the  said  circuit  branches  being  in- 
ductively  coupled  to  the  same  secondary  wind- 
ing  connected  to  the  lamp; 

-  an  impedante  in  which  variable  as  a  function  of 
frequency,  connected  in  series  with  the  lamp; 
and 

-  control  circuit  means  operable  to  render  the 
said  electronic  switch  means  alternately  con- 
ductive  in  such  a  way  that  an  alternating  vol- 
tage  develops  across  the  terminals  of  the  said 
secondary  winding,  the  said  control  circuit 
means  having  a  control  input  intended  to  re- 
ceive  a  control  signal  to  cause  a  variation  in  the 
frequency  of  the  said  alternating  voltage  in 
such  a  way  as  to  cause  a  corresponding  vari- 
ation  of  the  said  impedance  and  a  consequent 
variation  of  the  current  flowing  through  the 
lamp; 

-  a  current  sensor  resistor  connected  in  series 
with  the  lamp  and  connected  to  the  said  control 
circuit  means; 

-  the  said  control  circuit  means  including  signal 
treatment  circuit  means  connected  to  the  ter- 
minals  of  the  said  resistor  and  operable  to  pro- 
vide  at  its  output  a  square  wave  signal  at  the 
same  frequency  as  the  signal  developed 
across  the  terminals  of  this  resistor. 

A  self-oscillating  circuit  for  driving  a  gas  dis- 
charge  lamp  of  the  type  specified  above  is  described 
in  earlier  European  Patent  Application  No. 
92830358.5.  In  this  circuit  the  said  signal  treatment 
circuit  means  are  arranged  to  provide  first  and  sec- 
ond  square  wave  signals,  respectively  in  phase  and 
in  phase  opposition  with  the  signal  developed  across 
the  terminals  of  the  current  sensor  resistor.  These 
square  wave  signals  are  utilised  to  control  the  charg- 
ing  and  discharging  of  two  capacitors  to  generate  first 
and  second  ramp  signals  in  phase  with  the  first  and 
second  square  wave  signal  respectively.  The  ramp 
signals  thus  generated  are  compared  with  a  refer- 
ence  level  which  varies  in  dependence  on  an  external 
control  signal.  On  the  basis  of  the  result  of  this  com- 
parison  pilot  signals  are  generated  for  the  electronic 
switches  of  the  two  circuit  branches  of  the  inverter. 

In  the  above  described  self-oscillating  circuit  dis- 
advantages  can  arise  if  the  two  capacitors  utilised  to 
generate  the  said  ramp  signals  have  different  capaci- 
ty  values. 

The  object  of  the  present  invention  is  to  provide 

a  self-oscillating  circuit  with  which  this  disadvantage 
can  be  avoided. 

This  object  is  achieved  according  to  the  invention 
by  means  of  a  self-oscillating  circuit  of  the  previously 

5  specified  type,  the  main  characteristic  of  which  lies  in 
the  fact  that  the  said  control  circuit  means  further 
comprise: 

-  second  signal  treatment  circuit  means  includ- 
ing  a  single  capacitor  and  operable  to  provide 

10  a  triangular  wave  signal  in  phase  with  the  said 
square  wave  signal;  and 

-  comparison  and  processing  circuit  means  op- 
erable  to  generate  first  and  second  logic  con- 
trol  signals  capable  of  rendering  the  electronic 

15  switching  means  of  the  said  first  and  second 
circuit  branches  of  the  inverter  conductive  in  a 
manner  which  depends  upon  the  comparison 
of  the  said  triangular  wave  signal  with  a  refer- 
ence  level  which  is  variable  in  dependence  on 

20  the  said  external  control  signal. 
Further  characteristics  and  advantages  of  the  in- 

vention  will  become  apparent  from  the  following  de- 
tailed  description,  given  with  reference  to  the  attach- 
ed  drawings,  provided  purely  by  way  of  non-limitative 

25  example,  in  which: 
Figure  1  is  a  circuit  diagram,  partially  in  block  di- 
agram  form,  of  a  self-oscillating  circuit  according 
to  the  invention; 
Figure  2  is  a  circuit  diagram  which  shows  the  in- 

30  ternal  structure  of  a  control  circuit  contained  in 
the  self-oscillating  circuit  of  Figure  1; 
Figure  3  is  a  circuit  diagram  which  shows  the  de- 
tailed  structure  of  an  embodiment  of  a  first  signal- 
treatment  circuit  in  the  control  circuit  shown  in 

35  Figure  2; 
Figure  4  is  a  circuit  diagram  which  shows  a  em- 
bodiment  of  a  second  signal  treatment  circuit  and 
a  comparison  circuit  included  in  the  control  circuit 
of  Figure  2; 

40  Figure  5  is  a  circuit  diagram  which  shows  an  em- 
bodiment  of  a  logic  circuit  contained  in  the  control 
circuit  of  Figure  2;  and 
Figure  6  shows  thirteen  exemplary  signals  devel- 
oped  in  the  operation  of  the  circuit  according  to 

45  the  invention. 
In  Figure  1,  the  reference  L  indicates  a  gas  dis- 

charge  lamp  usable  in  a  spotlight  or  front  headlight  of 
a  motor  vehicle. 

Associated  with  this  lamp  is  a  control  circuit  of 
so  self-oscillating  type  which  includes  an  inverter  gener- 

ally  indicated  1  .  This  inverter  has  two  circuit  branches 
a  and  b  between  a  terminal  2  and  earth. 

The  said  circuit  branches  include  respective 
MOSFET  transistors  3a,  3b  with  associated  shunt 

55  ZENER  diodes  Za  and  Zb.  These  diodes  are  conve- 
niently  constituted  by  the  so-called  "parasitic  diodes" 
inherent  in  MOSFET  transistors  themselves. 

In  series  with  the  drain-source  path  of  the  tran- 
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sistors  3a,  3b  in  the  said  two  circuit  branches  are  con- 
nected  two  primary  windings  4a  and  4b.  These  wind- 
ings  are  inductively  coupled  to  the  same  secondary 
winding  5  with  which  they  form  a  transformer  gener- 
ally  indicated  6. 

The  secondary  winding  5  is  connected  between 
earth  and  an  impedance  7  of  resonant  L-C  type  con- 
nected  in  series  with  the  lamp  L. 

A  capacitor  8  is  connected  in  parallel  with  the 
lamp  L. 

A  resistor  9,  functioning  as  a  sensor  for  detecting 
the  current  which  flows  in  the  lamp  L  in  operation  is 
connected  between  the  lamp  and  earth. 

Reverting  to  the  inverter  1,  the  terminal  2  to 
which  the  primary  windings  4a  and  4b  are  connected 
is  connectable  to  a  DC  voltage  source  Vb  (for  example 
the  battery  on  board  the  motor  vehicle)  via  a  control 
switch  10. 

The  gate  terminals  of  the  transistors  3a,  3b  are 
connected  to  corresponding  outputs  of  an  electronic 
control  circuit  generally  indicated  11  in  Figure  1.  This 
circuit  has  an  input  11a  intended  to  receive  an  exter- 
nal  control  signal  indicative  of  the  current  which  has 
to  flow  through  the  lamp  L.  This  current  can  for  ex- 
ample  be  of  greater  intensity  in  phases  immediately 
after  the  lamp  is  lit.  to  allow  a  rapid  heating  thereof. 

As  will  appear  more  clearly  below,  when  the 
switch  10  is  closed  the  inverter  1  is  connected  to  the 
DC  voltage  source  Vb. 

The  control  circuit  11  now  renders  the  transistors 
3a  and  3b  conductive  alternately,  and  consequently 
an  alternating  voltage  develops  across  the  terminals 
of  the  secondary  winding  5  of  the  transformer  6. 

This  voltage  causes  the  flow  of  an  alternating 
current  through  the  impedence  7,  the  lamp  Land  the 
resistor  9.  The  control  circuit  11  determines  the  fre- 
quency  of  this  alternating  current  in  dependence  on 
the  signal  applied  to  its  control  input  11a. 

The  impedance  of  the  resonant  circuit  7  varies 
with  a  variation  in  the  frequency  of  the  alternating  vol- 
tage  which  is  produced  in  the  secondary  winding  5. 
Consequently  a  corresponding  variation  in  the  alter- 
nating  current  flowing  through  the  lamp  and  the  re- 
sistor  9  is  cursed. 

In  Figures  2  and  6  the  current  flowing  in  the  re- 
sistor  9  has  been  indicated  lL.  This  current  is  substan- 
tially  equal  to  the  current  flowing  through  the  lamp  L. 

The  control  circuit  11  includes  a  signal  treatment 
circuit  12  for  treatment  of  the  signal  lL. 

As  will  become  apparent  more  clearly  below,  the 
circuit  12  is  arranged  to  provide  at  its  output  two 
square  wave  signals  B  and  C  at  the  same  frequency 
as  the  signal  lL  and  respectively  in  phase  and  in  phase 
opposition  with  respect  to  it. 

The  signal  B  is  applied  to  the  input  of  a  second 
signal  treatment  circuit  generally  indicated  13  in  Fig- 
ure  2. 

This  circuit  provides  at  its  output  a  triangular  wave 

or  sawtooth  signal  of  twice  the  frequency  of  the  signal 
B,  indicated  D  in  Figures  2  and  6. 

The  output  of  the  circuit  1  3  is  connected  to  a  com- 
parison  circuit  14  which  compares  the  signal  D  with 

5  a  reference  signal  sa  which  is  variable  in  dependence 
on  the  external  control  signal  applied  to  the  input  11a 
of  the  control  circuit  11. 

The  comparison  circuit  14  provides  at  its  output 
a  signal  E  (Figure  6)  which  is  applied  to  an  input  of  a 

10  logic  circuit  15  to  which  the  signal  C  is  also  supplied. 
On  the  basis  of  the  signals  E  and  C  the  logic  circuit 
1  5  provides  at  its  output  two  signals  J  and  K  which  are 
applied  to  the  gates  of  the  transistors  3a  and  3b  for 
the  purpose  of  controlling  its  conduction. 

15  In  Figure  3  there  is  shown  an  embodiment  of  the 
treatment  circuit  12  for  treatment  of  the  signal  devel- 
oped  across  the  terminals  of  the  resistor  9. 

In  this  embodiment  the  circuit  12  includes  an  in- 
put  filter  1  6  of  R-C  type  followed  by  an  amplifier  circuit 

20  17  formed  by  an  operational  amplifier  18  which  am- 
plifies  the  received  signal  and  shifts  its  level  (by  in- 
troducing  an  offset)  so  as  to  render  this  signal  unidir- 
ectional,  for  example  totally  positive. 

The  amplifier  circuit  17  is  followed  by  a  squaring 
25  circuit  19  formed,  in  a  manner  known  per  se,  by  a 

comparator  20.  In  operation,  at  the  output  of  the  cir- 
cuit  19  there  is  available  a  signal  A  (Figures  3  and  6) 
of  square  wave  form  which  is  at  the  same  frequency 
and  in  phase  with  the  signal  lL. 

30  The  output  of  the  squaring  circuit  19  is  connected 
to  the  input  of  a  logic  circuit  21  which  in  the  exemplary 
embodiment  illustrated  simply  comprises  two  EXOR 
gates  22  and  23. 

The  EXOR  gate  22  has  one  input  connected  to 
35  the  output  of  the  squaring  circuit  19  and  the  other  in- 

put  connected  to  earth. 
The  EXOR  gate  23  has  one  input  connected  to 

the  output  of  the  squaring  circuit  19  and  the  other  in- 
put  connected  to  a  DC  voltage  source  Vcc,  corre- 

40  sponding  to  the  logic  "high"  level. 
Consequently,  these  EXOR  gates  22  and  23  pro- 

vide  at  their  outputs  signals,  indicated  B  and  C  in  Fig- 
ures  3  and  6.  The  signal  B  is  at  the  same  frequency 
and  in  phase  with  the  signal  A  whilst  the  signal  C  is 

45  in  phase  opposition  to  the  signal  B. 
In  the  embodiment  illustrated  in  Figure  4  the  cir- 

cuit  13  includes  two  monostable  circuits  24,  25  to  the 
input  of  which  the  signal  B  is  applied  directly,  and  via 
an  inverter  26  respectively.  In  operation  each  of 

so  these  monostables  emits  from  its  output  a  narrow 
pulse  in  correspondence  with  each  rising  edge  of  the 
signal  applied  to  its  input. 

The  outputs  of  the  monostable  circuits  24  and  25 
are  connected  to  the  inputs  of  an  EXOR  gate  27. 

55  In  operation,  at  the  output  of  the  EXOR  gate  27 
there  appears  a  pulse  signal  which  is  shown  in  Figure 
6.  This  signal  has,  in  particular,  a  pulse  in  correspon- 
dence  with  each  passage  through  zero  of  the  current 

3 
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lL  in  the  resistor  9. 
The  output  of  the  EXOR  gate  27  is  connected  to 

the  input  28a  of  a  D  type  "toggle"  bistable  28. 
The  Q  and  Q  outputs  of  this  bistable  circuit  are 

connected  to  the  control  inputs  of  two  electronic 
switches  29  arid  30  disposed  in  series  with  respective 
current  generators  31  and  32  between  a  node  33  and 
earth. 

A  capacitor  connected  between  the  node  33  and 
earth  is  indicated  CO. 

When  in  operation  the  output  Q  (Q)  of  the  bist- 
able  device  28  is  at  level  "1  ",  the  associated  electronic 
switch  30  (29)  is  conductive  and  couples  the  current 
generator  32  (31)  to  the  capacitor  CO. 

The  current  generator  32,  which  in  the  following 
will  be  defined  as  the  discharge  generator,  generates 
a  DC  current  which  flows  towards  earth.  The  gener- 
ator  31  ,  hereinafter  defined  as  the  charging  generator 
generates  a  DC  current  flowing  towards  the  node  33. 

To  the  node  33  there  is  further  connected  the  in- 
put  of  a  comparator  34  which  in  the  exemplary  em- 
bodiment  illustrated  is  of  the  non-inverting  type.  This 
comparator  compares  the  value  of  the  voltage  (with 
respect  to  earth)  on  the  capacitor  CO  with  a  constant 
reference  value  produced  by  a  generator  Vs.  When 
the  voltage  on  the  capacitor  CO  falls  below  the  value 
Vs  the  output  of  the  comparator  34  applies  a  reset 
command  to  the  reset  input  R  of  the  bistable  device 
28. 

In  operation  each  pulse  of  the  signal  F  applied  to 
the  bistable  device  causes  the  output  C  of  this  device 
to  rise  to  the  "high"  level.  Consequently  the  electronic 
switch  30  is  "closed"  whilst  the  switch  29  is  "open".  In 
this  situation  the  current  generator  32  causes  a  par- 
tial  discharge  of  the  capacitor  CO.  This  discharge 
continues  until  the  voltage  on  the  capacitor  CO 
reaches  the  lower  threshold  Vs:  when  this  occurs  the 
comparator  34  causes  the  bistable  device  28  to  reset. 
The  output  Q  of  this  device  goes  to  the  "low"  level  and 
correspondingly  the  switch  30  becomes  "open"  whilst 
the  switch  29  becomes  "closed".  The  current  gener- 
ator  31  is  now  coupled  to  the  capacitor  CO,  and  re- 
charges  it.  The  recharging  of  the  capacitor  by  opera- 
tion  of  the  generator  31  continues  until  arrival  of  the 
subsequent  pulse  of  the  signal  F,  which  causes  a  new 
change  of  state  of  the  outputs  Q  and  O  of  the  bistable 
device  28. 

The  voltage  across  the  terminals  of  the  capacitor 
CO  then  assumes  a  periodic  variation  with  a  saw- 
tooth  waveform  as  is  shown  by  the  waveform  D  in 
Figure  6.  The  sawtooth  signal  D  is  applied  to  the  input 
of  a  comparator  circuit  14,  which  in  the  embodiment 
shown  in  Figure  4  is  of  inverting  type.  This  comparator 
compares  the  signal  D  with  a  threshold  level  Sa  which 
varies  as  a  function  of  the  external  control  signal  ap- 
plied  to  the  control  input  11a. 

Correspondingly,  a  square  wave  signal,  indicated 
E  in  Figure  6,  is  made  available  at  the  output  of  the 

comparator  14. 
With  reference  to  Figure  5,  the  signals  E  and  C 

are  applied  to  the  input  of  an  OR  circuit  36  the  output 
of  which  is  connected  to  first  inputs  of  two  NAND 

5  gates  38  and  39.  The  NAND  gate  38  receives  the  sig- 
nal  B  on  its  other  input.  The  NAND  gate  39  receives 
the  signal  Con  its  other  input.  In  operation,  at  the  out- 
puts  of  the  gates  36,  38  and  39  appear  the  signals  G, 
H  and  I  respectively,  the  variations  of  which  are 

10  shown  in  Figure  6. 
The  outputs  of  the  NAND  gates  38  and  39  are 

connected  to  the  set  input  (S)  and  reset  input  (R)  of 
a  bistable  circuit  40.  This  circuit  is  conveniently  a  D- 
type  flip-flop  in  a  set/reset  configuration.  This  circuit 

15  provides  at  its  output  two  signals  the  waveforms  of 
which  substantially  correspond  to  those  of  the  sig- 
nals  H  and  I.  This  circuit,  however,  ensures  that  the 
switching  of  these  signals  occurs  in  a  correct  sequen- 
tial  manner. 

20  The  outputs  Q  and  Q  of  the  bistable  circuit  40  are 
connected  to  the  gates  of  transistors  3a  and  3b  via  re- 
spective  logic  inverters  42  and  43. 

At  the  output  of  the  said  inverters,  therefore,  the 
pilot  signals  J  and  K  appear,  the  waveforms  of  which 

25  signals  are  shown  in  Figure  6.  The  signals  J  and  K 
cause  alternate  conduction  of  the  transistors  3a  and 
3b  as  already  mentioned  hereinbefore  with  reference 
to  Figure  1  . 

If  in  operation  it  is  necessary  to  cause  an  in- 
30  crease  in  the  current  flowing  in  the  lamp  L,  the  exter- 

nal  control  signal  applied  to  the  input  11a  of  the  con- 
trol  circuit  11  causes  the  threshold  level  Saassociated 
with  the  threshold  comparator  14  to  rise.  This  conse- 
quently  causes  a  variation  in  the  conduction  times  of 

35  the  transistors  3a  and  3b. 
Naturally,  the  principle  of  the  invention  remaining 

the  same,  the  embodiments  and  details  of  construc- 
tion  can  be  widely  varied  with  respect  to  what  has 
been  described  and  illustrated  purely  by  way  of  non- 

40  limitative  example,  without  by  this  departing  from  the 
ambit  of  the  present  invention. 

In  particular,  the  circuit  of  the  invention  can  be 
formed  at  least  in  part  by  using  integrated  digital  com- 
ponents  or  by  a  microprocessor.  In  place  of  the  saw- 

45  tooth  signal  generator  circuit  digital  counters  can  be 
utilised,  in  particular  counters  of  the  incremental-dec- 
remental  type,  and  comparison  devices  likewise  of 
digital  type. 

50 
Claims 

1.  A  self-oscillating  circuit  for  driving  a  gas  dis- 
charge  lamp  (L)  particularly  for  use  on  board  a 

55  motor  vehicle,  comprising 
-  an  inverter  (1)  with  two  circuit  branches  (a, 

b)  connectable  to  a  DC  voltage  source  (VB) 
and  comprising  respective  electronic  switch 

4 



7 EP  0  547  006  A1 8 

means  (3a  and  3b)  in  series  with  respective 
primary  windings  (4a,  4b);  the  primary 
windings  (4a,  4b)  of  the  said  circuit  branch- 
es  (a,  b)  being  inductively  coupled  to  the 
same  secondary  winding  (5)  connected  to  5 
the  lamp  (L); 

-  an  impedance  (7)  variable  as  a  function  of 
the  frequency,  connected  in  series  with  the 
lamp  (L); 

-  control  circuit  means  (11)  operable  to  ren-  10 
der  the  said  electronic  switch  means  (3a, 
3b)  alternately  conductive  in  such  a  way 
that  an  alternating  voltage  develops  across 
the  terminals  of  the  said  secondary  winding 
(5);  the  said  control  circuit  means  (11)  hav-  15 
ing  a  control  input  (11a)  intended  to  receive 
a  control  signal  operable  to  cause  a  varia- 
tion  in  the  frequency  of  the  said  alternating 
voltage  in  such  a  way  as  to  cause  a  corre- 
sponding  variation  of  the  said  impedance  20 
(7)  and  a  consequent  variation  in  the  cur- 
rent  (lL)  flowing  through  the  lamp  (L); 

-  a  current  sensor  resistor  (9)  connected  in 
series  with  the  lamp  (1)  and  connected  to 
the  said  control  circuit  means  (11);  25 

-  the  said  control  circuit  means  (11)  including 
signal  treatment  means  (12)  connected  to 
the  said  resistor  (9)  and  operable  to  provide 
at  its  output  a  square  wave  signal  (B)  at  the 
same  frequency  as  the  signal  developed  30 
across  the  terminals  of  this  resistor  (9); 
the  circuit  being  characterised  by  the  fact 

that  the  said  control  circuit  means  (11)  further  in- 
clude 

-  second  signal  treatment  circuit  means  (13)  35 
including  a  single  capacitor  (CO),  operable 
to  provide  a  triangular  wave  signal  (D)  in 
phase  with  the  said  square  wave  signal  (B) 
and 

-  comparison  and  processing  circuit  means  40 
(14,  15)  operable  to  generate  first  and  sec- 
ond  logic  control  signals  (J,  K)  capable  of 
rendering  the  electronic  switch  means  (3a, 
3b)  of  the  said  first  and  second  circuit 
branches  (a,  b)  conductive  in  a  manner  45 
which  depends  on  the  comparison  of  the 
said  triangular  wave  signal  (D)  with  a  refer- 
ence  level  (sa)  which  is  variable  in  depend- 
ence  on  the  said  control  signal. 

50 
2.  A  self-oscillating  circuit  according  to  Claim  1, 

characterised  by  the  fact  that  the  said  second 
signal  treatment  means  include 

-  a  capacitor  (CO), 
-  means  (34)  for  detecting  the  voltage  across  55 

the  terminals  of  the  said  capacitor  (CO)  and 
-  control  circuit  means  (24-30)  operable  to 

couple  the  said  current  generator  (31,  32) 

to  the  capacitor  (CO)  to  cause  successive 
charging  and  discharging  cycles  of  this  ca- 
pacitor  (CO);  the  said  control  circuit  means 
being  arranged  to  cause  a  discharge  of  the 
capacitor  (CO),each  time  the  current  (lL) 
flowing  in  the  lamp  (L)  passes  through  zero 
until  a  predetermined  minimum  voltage  (Vs) 
is  reached  on  the  capacitor  (CO),  and  then 
recharging  of  the  capacitor  (CO)  until  the 
subsequent  passage  of  the  said  current  (lL) 
through  zero. 
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