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Apparatus  for  operating  discharge  lamp. 

normal  ON  operation  of  the  discharge  lamp  (24i, 
242)  during  a  start  operation.  At  the  same  time,  the 
output  frequency  of  the  high-frequency  generator 
(20)  is  varied  down  to  a  level  for  the  normal  ON 
operation.  When  the  ON  detector  (34)  detects  the 
ON  operation  of  the  discharge  lamp  (24i,  242)  the 
output  frequency  of  the  high-frequency  generator 
(20)  is  switched-  to  a  level  for  the  normal  ON  opera- 
tion  by  a  soft-start  release  circuit  (32). 

©  In  an  apparatus  for  operating  discharge  lamp  of 
this  invention,  a  DC  output  frequency  supplied  from 
a  DC  power  source  (12)  can  be  varied  by  a  high- 
frequency  generator  (20)  and  is  supplied  to  a  dis- 
charge  lamp  (24i,  242).  The  ON  state  of  the  dis- 
charge  lamp  (24i,  242)  is  detected  by  an  ON  detec- 
tor  (34).  The  output  frequency  of  the  high-frequency 
generator  (20)  is  controlled  such  that  a  soft-start 
circuit  (30)  generates  an  output  lower  than  that  for 
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The  present  invention  relates  to  an  apparatus 
for  operating  discharge  lamp  and,  more  specifi- 
cally,  to  a  an  apparatus  for  operating  discharge 
lamp  for  turning  on  a  discharge  lamp  such  as  a 
fluorescent  lamp  by  a  high-frequency  output. 

Recently,  an  electronic  lighting  apparatus  has 
been  used  for  turning  on  a  discharge  lamp,  such  as 
a  fluorescent  lamp,  by  a  high-frequency  output 
generated  by  a  high-frequency  generator.  A  high- 
frequency  generator  capable  of  varying  its  output 
frequency  is  used  as  a  lighting  apparatus.  When  a 
high-frequency  generator  of  this  type  is  used,  a 
relationship  between  its  output  voltage  and  fre- 
quency  is  as  follows.  At  a  start  operation,  the 
output  frequency  of  the  high-frequency  generator  is 
set  to  be  higher,  e.g.,  69  kHz,  than  that,  e.g.,  42 
kHz,  used  for  normal  ON  operation,  so  that  the 
output  voltage  to  the  discharge  lamp  is  lowered. 
Namely,  so-called  soft  start  is  performed.  A  dis- 
charge  lamp  lighting  apparatus  having  this  char- 
acteristic  has  been  proposed  to  prolong  the  service 
life  of  the  discharge  lamp. 

When  soft  start  is  performed,  the  output  fre- 
quency  to  the  discharge  lamp  is  controlled  to  vary 
toward  the  frequency  for  the  normal  ON  operation. 
Therefore,  even  after  the  discharge  lamp  is  turned 
on,  the  output  frequency  gradually  changes  in  ac- 
cordance  with  a  time  constant.  This  delays  rising  of 
the  output  voltage  and  it  takes  several  seconds 
before  a  desired  brightness  is  achieved,  resulting 
in  discomfort  to  the  user. 

It  is,  therefore,  an  object  of  the  present  inven- 
tion  to  provide  an  apparatus  for  operating  dis- 
charge  lamp  in  which,  at  a  start  operation,  it  is 
detected  that  a  discharge  lamp  is  turned  on  and 
soft  start  is  stopped,  so  that  the  brightness  of  the 
lamp  can  be  instantaneously  changed  to  a  desired 
level. 

According  to  an  aspect  of  the  present  inven- 
tion,  there  is  provided  an  apparatus  for  operating 
discharge  lamp  comprising:  a  discharge  lamp; 
direct-current  power  source  means  for  supplying  a 
direct  current  to  the  discharge  lamp;  high-frequen- 
cy  generating  means  capable  of  varying  a  direct- 
current  output  frequency  from  the  direct-current 
power  source  means;  soft-start  circuit  means  for 
controlling,  upon  a  start  operation,  the  output  fre- 
quency  of  the  high-frequency  generating  means  to 
be  lower  than  that  for  a  normal  ON  operation  of  the 
discharge  lamp  and  to  be  changed  to  a  level  for 
the  normal  ON  operation;  ON  detecting  means  for 
detecting  that  the  discharge  lamp  is  ON;  and  soft- 
start  release  means  for  switching  the  output  fre- 
quency  of  the  high-frequency  generating  means  to 
that  for  the  normal  ON  operation  when  the  ON 
detecting  means  performs  ON  detection. 

This  invention  can  be  more  fully  understood 
from  the  following  detailed  description  when  taken 

in  conjunction  with  the  accompanying  drawings,  in 
which: 

Fig.  1  is  a  block  diagram  of  an  apparatus  for 
operating  discharge  lamp  according  to  an  em- 

s  bodiment  of  the  present  invention; 
Fig.  2  is  a  graph  showing  a  change  in  frequency 
of  the  apparatus  for  operating  discharge  lamp  as 
a  function  of  time; 
Fig.  3  is  a  graph  showing  a  relationship  between 

10  an  output  voltage  and  a  frequency  of  the  ap- 
paratus  for  operating  discharge  lamp;  and 
Fig.  4  shows  the  detailed  circuit  configuration  of 
the  apparatus  for  operating  discharge  lamp 
shown  in  Fig.  1. 

75  The  preferred  embodiment  of  the  present  in- 
vention  will  be  described  with  reference  to  the 
accompanying  drawings. 

First,  referring  to  Fig.  1,  a  DC  power  source  12 
comprises  a  commercial  AC  power  source  14,  a 

20  rectifier  16  for  rectifying  the  power  from  the  power 
source  14,  and  a  smoothing  circuit  18  for  smooth- 
ing  the  output  from  the  rectifier  16  to  obtain  a  DC 
output.  The  DC  power  source  12  is  connected  to 
an  inverter  20  as  a  high-frequency  generator.  A 

25  high-frequency  output  is  generated  in  accordance 
with  an  oscillated  frequency  output  from  an  oscilla- 
tor  22  connected  to  the  inverter  20.  A  dimmer 
circuit  23  is  connected  between  the  DC  power 
source  12  and  the  oscillator  22,  and  a  switch  b  is 

30  inserted  between  the  DC  power  source  12  andlhe 
dimmer  circuit  23.  The  dimmer  circuit  23,  which 
operates  on  the  voltage  supplied  from  the  DC 
power  source  12,  adjusts  the  amount  of  light  by 
varying  the  output  frequency  of  the  oscillator  22. 

35  The  inverter  20  can  be,  e.g.,  a  half  bridge  inverter 
comprising  a  pair  of  transistors  Q1  and  Q2,  as 
shown  in  Fig.  1. 

Discharge  lamps  24i  and  242,  e.g.,  fluorescent 
lamps,  respectively,  have  capacitors  C1  and  C2.  A 

40  high-frequency  output  is  supplied  from  the  inverter 
20  to  both  electrodes  of  the  discharge  lamp  24i 
through  a  capacitor  C3  and  a  choke  coil  CH1,  and 
to  both  electrodes  of  the  discharge  lamp  242 
through  the  capacitor  C3  and  a  choke  coil  CH2. 

45  Terminal  voltages  VL1  and  VL2  of  the  discharge 
lamps  24i  and  242,  respectively,  are  detected  by  a 
voltage  detector  26  comprising  resistors  R1,  R2, 
R3,  R4,  and  R5,  capacitors  C4,  C5,  and  C6,  diodes 
D1,  D2,  D3,  and  D4,  and  the  like,  as  shown  in  Fig. 

50  1. 
The  terminal  voltages  VL1  and  VL2  of  the  dis- 

charge  lamps  24i  and  242,  respectively,  are  high 
when  the  corresponding  discharge  lamps  are  not 
ON,  and  are  low  when  the  corresponding  discharge 

55  lamps  are  ON.  Even  when  the  discharge  lamps  are 
ON,  if  the  service  life  of  the  discharge  lamps  24i 
and  242  is  running  short  after  long-time  use,  the 
terminal  voltages  VLi  and  VL2  are  low. 
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The  soft-start  circuit  30  constitutes  a  kind  of 
differentiator,  and  has  a  capacitor  C7  and  resistors 
R6  and  R7  series-connected  between  a  power 
source  Vref  and  the  ground  voltage.  When  the 

5  power  source  Vref  is  applied  to  the  soft-start  circuit 
30  to  start  the  discharge  lamps  24i  and  242,  the 
capacitor  C7  is  charged.  Accordingly,  a  terminal 
voltage,  corresponding  to  an  upper  terminal  in  the 
drawing,  of  the  resistor  R7  rises  instantaneously, 

to  and  simultaneously  starts  to  drop  in  accordance 
with  a  predetermined  time  constant.  This  terminal 
voltage  of  the  resistor  R7  becomes  the  output 
voltage  of  the  soft-start  circuit  30.  The  output  volt- 
age  is  then  divided  by  resistors  R8,  R9  and  R10 

75  through  a  diode  D7,  and  is  applied  as  an  oscillation 
control  signal  to  the  base  of  an  npn  transistor  Q3 
having  an  emitter  grounded  through  a  resistor  R1  1  . 

The  oscillator  22  comprises,  e.g.,  a 
voltage/frequency  converter  (to  be  referred  to  as  a 

20  V/F  converter  hereinafter)  and  is  connected  to  the 
collector  of  the  transistor  Q3.  The  V/F  converter  22 
oscillates  in  response  to  a  frequency  proportional 
to  the  voltage  applied  to  the  base  of  the  transistor 
Q3,  thereby  driving  the  inverter  20  through  an 

25  output  transformer  Tr2  or  Tr3. 
As  a  result,  immediately  after  the  start  opera- 

tion,  the  inverter  20  outputs  a  frequency  sufficiently 
higher  than  that  for  the  normal  ON  operation.  How- 
ever,  as  the  output  voltage  from  the  soft-start  cir- 

30  cuit  30  drops,  the  output  frequency  of  the  inverter 
20  is  lowered.  In  this  manner,  the  output  voltage  to 
be  applied  to  the  discharge  lamps  24i  and  242  is 
gradually  increased,  thereby  executing  soft  start. 

The  starter  36  is  connected  between  the  DC 
35  power  source  12  and  the  ON  detector  34,  and 

comprises  a  capacitor  C8,  transistors  Q4  and  Q5, 
and  resistors  R12,  R13,  R14,  and  R15.  When  the 
start  operation  is  to  be  performed,  the  starter  36 
sets  the  terminal  voltage  of  the  capacitor  C7  at  0  V, 

40  thereby  reliably  enabling  the  soft-start  circuit  30. 
Namely,  upon  start  operation,  the  capacitor  C8  is 
charged  by  a  power  source  Vcc,  so  that  the  npn 
transistor  Q5  is  kept  ON  for  a  predetermined  pe- 
riod  of  time  to  decrease  its  collector  potential 

45  (serving  as  the  collector  potential  of  the  transistor 
Q3). 

The  ON  detector  34  has  two  npn  transistors  Q6 
and  Q7.  The  terminal  voltages  VL1  and  VL2  of  the 
discharge  lamps  24i  and  242  (not  shown)  are  ap- 

50  plied  to  the  base  of  the  transistor  Q6.  The  collector 
of  the  transistor  Q6  is  connected  to  the  power 
source  Vcc,  and  the  emitter  thereof  is  grounded 
through  resistors  R16  and  R17.  The  base  of  the 
other  transistor  Q7  is  connected  between  the  resis- 

55  tors  R16  and  R17,  the  collector  thereof  is  con- 
nected  to  the  power  source  Vcc  through  a  resistor 
R18,  and  the  emitter  thereof  is  grounded. 

During  the  ON  operation  of  the  discharge 

Upon  start  operation  of  the  discharge  lamps 
241  and  242,  the  output  frequency  from  the  inverter 
20  to  be  supplied  to  the  discharge  lamps  24i  and 
242  is  set  higher  than  that  for  normal  ON  operation, 
and  an  output  voltage  applied  to  the  discharge 
lamps  24i  and  242  is  set  low.  In  other  words,  so- 
called  soft  start  is  performed.  More  specifically,  the 
relationship  between  the  frequency  and  the  output 
voltage  is  as  shown  in  Fig.  2.  In  a  low-frequency 
band  with  a  resonance  frequency  fo  at  its  center, 
as  the  frequency  is  increased,  the  output  voltage  is 
increased.  Contrary  to  this,  in  a  high-frequency 
band,  as  the  frequency  is  increased,  the  output 
voltage  is  decreased.  Thus,  using  this  relationship, 
during  soft  start  operation,  as  previously  described, 
an  output  voltage  fs  is  set  at  69  kHz,  which  is 
higher  than  a  frequency  fa  of  42  kHz  for  the  normal 
ON  operation,  and  the  output  voltage  applied  to  the 
discharge  lamps  24i  and  242  is  set  low. 

The  oscillator  22  is  connected  to  an  ON  fre- 
quency  circuit  28  through  a  diode  D5,  and  to  a 
soft-start  circuit  30  through  a  diode  D6  and  a 
switch  SW1.  Each  of  the  ON  frequency  circuit  28 
and  the  soft-start  circuit  30  supplies  an  oscillation 
control  signal  to  the  oscillator  22  so  that  a  fre- 
quency  having  the  above  relationship  with  the  out- 
put  voltage  is  output  from  the  inverter  20.  More 
specifically,  it  is  designed  that  the  oscillation  con- 
trol  signal  from  the  soft-start  circuit  30  causes  a 
higher-frequency  output  than  that  from  the  ON  fre- 
quency  circuit  28  does.  The  oscillation  control  sig- 
nal  from  the  soft-start  circuit  30  is  applied  to  the 
oscillator  22  through  the  switch  SW1. 

A  soft-start  release  circuit  32  is  connected  to 
an  ON  detector  34  and  at  the  same  time  to  the 
soft-start  circuit  30  through  the  switch  SW1.  The 
ON  detector  34  receives  the  terminal  voltages  Vu 
and  VL2  of  the  discharge  lamps  24i  and  242  from 
an  output  terminal  a  of  the  voltage  detector  26  and 
detects  from  a  voltage  drop  that  the  discharge 
lamps  24i  and  242  are  ON.  The  soft-start  release 
circuit  32  is  enabled  when  the  ON  detector  34 
detects  the  ON  state  of  the  discharge  lamps  24i 
and  242.  As  a  result,  the  output  from  the  soft-start 
circuit  30  is  locked  and  is  not  input  to  the  oscillator 
22,  thereby  releasing  the  soft-start  operation. 

Referring  to  Fig.  4,  the  practical  arrangement  of 
the  apparatus  for  operating  discharge  lamp  of  Fig. 
1  will  be  described. 

The  circuit  of  Fig.  1  as  the  basic  circuit  con- 
figuration  further  comprises  a  starter  36,  a  safety 
circuit  38,  a  power  ON-time  reset  circuit  40,  a 
power  OFF-time  reset  circuit  42,  and  the  like. 

A  DC  power  source  has  a  step-down  insulated 
transformer  Tr1  .  The  primary  winding  of  the  trans- 
former  Tr1  is  the  commercial  AC  power  source  14 
side,  and  the  secondary  winding  thereof  is  the 
rectifier  16  side. 
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lamps  24i  and  242  (Fig.  1),  when  their  terminal 
voltages  VL1  and  VL2  are  increased  (when  the  ser- 
vice  life  of  the  discharge  lamps  are  out),  the  safety 
circuit  38  increases  the  output  frequency  of  the 
inverter  20  to  lower  the  output  voltage  to  the  dis- 
charge  lamps  24i  and  242,  thereby  ensuring  safe- 
ty.  More  specifically,  the  safety  circuit  38  receives 
the  potential  at  the  node  of  the  emitter  of  the 
transistor  Q6  and  the  resistor  R1  6  of  the  ON  detec- 
tor  34.  When  the  potential  at  the  node  of  the 
resistor  R16  and  the  emitter  of  the  transistor  Q6  is 
increased,  a  capacitor  C9  is  charged  through  a 
resistor  R19.  When  the  terminal  voltage  of  the 
capacitor  C9  exceeds  the  Zener  voltage  of  a  Zener 
diode  ZD1,  a  transistor  Q8  is  turned  on.  As  a 
result,  a  flip-flop  FF  having  NOR  gates  2  and  3  is 
enabled  through  a  NOR  gate  NOR1,  turning  on  a 
transistor  Q9  through  a  diode  D8.  The  transistor  Q8 
is  connected  to  resistors  R20  and  R21  . 

The  output  voltage  of  the  soft-start  circuit  30, 
i.e.,  the  potential  at  the  node  of  the  resistors  R6 
and  R7  is  kept  high.  As  the  terminal  voltage  of  the 
capacitor  C9  is  increased,  the  collector  potential  of 
a  transistor  Q10  is  increased  through  a  diode  D9. 
In  this  case,  since  the  voltages  VL1  and  VL2  are 
increased  to  decrease  the  collector  potential  of  the 
transistor  Q7,  a  transistor  Q11  (to  be  described 
later)  of  the  soft-start  release  circuit  32  is  OFF.  As 
a  result,  the  output  voltage  of  the  soft-start  circuit 
30  is  applied  to  the  base  of  the  transistor  Q3 
through  the  diode  D7  and  the  resistor  R8.  The 
voltage  occurring  at  the  node  of  the  emitter  of  the 
transistor  Q6  and  the  resistor  R16  in  accordance 
with  the  increase  in  voltages  VL1  and  VL2  is  divided 
by  resistors  R22  and  R23  and  applied  to  the  base 
of  the  transistor  Q3  through  a  diode  D10  and  the 
resistor  R8. 

As  a  result,  when  the  base  potential  of  the 
transistor  Q3  is  increased,  the  oscillation  frequency 
of  the  V/F  converter  22  is  increased  to  raise  the 
output  frequency  of  the  inverter  20,  thus  lowering 
the  output  voltage  to  the  discharge  lamps  24i  and 
242.  The  discharge  lamps  24i  and  242  are  pro- 
tected  in  this  manner. 

The  soft-start  release  circuit  32  has  an  npn 
transistor  Q11  and  resistors  R24  and  R25.  The 
base  of  the  transistor  Q11  is  connected  to  the 
collector  of  the  transistor  Q7  of  the  ON  detector  34 
through  the  resistor  R24.  The  collector  of  the  tran- 
sistor  Q1  1  is  connected  to  the  node  of  the  resistors 
R6  and  R7  that  constitute  the  soft-start  circuit  30, 
the  emitter  thereof  is  grounded,  and  the  base 
thereof  is  grounded  through  the  resistor  R25. 

When  the  discharge  lamps  24i  and  242  are  not 
ON,  the  terminal  voltages  Vu  and  VL2  thereof  are 
high,  as  described  above,  and  the  transistors  Q6 
and  Q7  are  ON.  The  collector  potentials  of  the 
transistors  Q6  and  Q7  are  decreased  to  the  ground 

potential.  As  a  result,  the  transistor  Q11  is  OFF, 
and  the  output  voltage  of  the  soft-start  circuit  30  is 
output  unchanged,  thus  executing  the  soft-start  op- 
eration  described  above. 

5  When  the  discharge  lamps  24i  and  242  are 
turned  on  during  the  soft-start  operation,  their  ter- 
minal  voltages  Vu  and  VL2  are  dropped,  and  the 
transistor  Q7  is  turned  off.  As  a  result,  the  collector 
potential  of  the  transistor  Q7  is  increased  to  turn  on 

10  the  transistor  Q11  of  the  soft-start  release  circuit 
32.  Then,  the  output  of  the  soft-start  circuit  30  is 
grounded,  thus  releasing  the  soft-start  operation.  A 
constant  voltage  element  can  be  added  to  the  soft- 
start  release  circuit  32  to  set  the  threshold  value. 

75  The  output  of  the  ON  frequency  circuit  28  is 
applied  to  the  base  of  the  transistor  Q3  through  a 
diode  D11  as  the  oscillation  control  signal.  Thus, 
when  the  soft-start  operation  is  stopped,  the  in- 
verter  20  is  controlled  in  accordance  with  the  os- 

20  cillation  control  signal  input  from  the  ON  frequency 
circuit  28.  The  ON  frequency  circuit  28  has  an 
arrangement  as  shown  in  Fig.  4.  Namely,  resistors 
R26,  R27,  R28,  and  R29,  a  diode  D12,  a  Zener 
diode  ZD2,  and  a  capacitor  C10  are  connected 

25  between  one  input  terminal  of  a  NAND  circuit  NA1 
and  an  input  terminal  b,  and  resistors  R30,  R31, 
and  R32,  and  a  transistor  Q12  are  connected  to  the 
output  terminal  of  the  NAND  circuit  NA1  . 

The  ON  frequency  circuit  28  outputs  a  high- 
30  level  voltage  from  its  NAND  circuit  NA1  so  that  the 

inverter  20  outputs  a  predetermined  frequency  for 
the  normal  ON  operation  to  the  discharge  lamps 
24t  and  242.  Then,  the  transistor  Q12  is  turned  off 
to  supply  a  predetermined  output  (oscillation  con- 

35  trol  signal)  to  the  base  of  the  transistor  Q3.  When  a 
dimming  signal  is  input  to  the  input  terminal  b,  the 
output  voltage  (oscillation  control  signal)  to  be  ap- 
plied  to  the  transistor  Q3  is  varied  through  the 
diode  D11.  As  a  result,  the  oscillation  frequency  of 

40  the  V/F  converter  22  is  changed  to  change  the 
output  frequency  of  the  inverter  20,  thus  perform- 
ing  dimming  control  of  the  discharge  lamps  24i 
and  242. 

In  the  power-ON  reset  circuit  40,  the  transistor 
45  Q7  is  ON  for  a  predetermined  period  of  time  during 

the  start  operation,  and  the  input  terminal  of  a 
NAND  circuit  NA2  provided  to  the  input  side  of  the 
reset  circuit  40  becomes  low  level.  As  a  result,  the 
output  terminal  of  a  NAND  circuit  NA3  provided  to 

50  the  output  side  of  the  reset  circuit  40  becomes  low 
level  through  a  capacitor  C11,  resistors  R33  and 
R34,  and  a  diode  D13.  The  pnp  transistor  Q9 
connected  to  both  terminals  of  the  capacitor  C7 
provided  to  the  soft-start  circuit  30  is  turned  on 

55  through  a  diode  D14  and  resistors  R35  and  R36  to 
discharge  the  capacitor  C7.  As  a  result,  the  termi- 
nal  voltage  of  the  capacitor  C7  becomes  0  V,  and 
the  soft-start  circuit  30  is  reliably  reset  in  an  en- 
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transistor  Q1  1  of  the  soft-start  release  circuit  32  is 
turned  on  to  stop  the  operation  of  the  soft-start 
circuit  30. 

As  a  result  of  this  stop  operation,  the  voltage 
5  (soft-start  oscillation  control  signal)  applied  to  the 

base  of  the  transistor  Q3  is  decreased  at  once 
down  to  the  level  of  the  output  voltage  (normal  ON 
oscillation  control  signal)  from  the  ON  frequency 
circuit  28.  More  specifically,  before  the  discharge 

10  lamps  24i  and  242  are  turned  on,  as  the  output 
voltage  from  the  soft-start  circuit  30  changes,  the 
output  frequency  supplied  to  the  discharge  lamps 
24i  and  242  gradually  decreases  in  accordance 
with  the  predetermined  time  constant.  However, 

75  once  the  lamps  24i  and  242  are  turned  on,  the 
soft-start  circuit  30  is  stopped,  and  the  output  fre- 
quency  to  the  lamps  24i  and  242  decreases  at 
once  down  to  the  level  for  the  normal  ON  operation 
(the  output  voltage  rises  at  once).  As  a  result,  the 

20  brightness  of  the  lamps  24i  and  242  rises  instanta- 
neously.  The  conventional  problem  of  discomfort  to 
the  user  before  a  desired  brightness  is  achieved 
can  thus  be  solved. 

The  inverter  20  can  be  of  any  type,  such  as  a 
25  one-transistor  type  inverter,  as  far  as  the  output 

frequency  is  variable. 
The  soft-start  circuit  30  can  be  of  a  type  that 

switches  the  output  frequency  in  a  stepwise  man- 
ner. 

30  The  soft-start  release  circuit  32  can  be  of  a 
type  that  forcibly  switches  the  output  frequency  to 
the  level  of  the  normal  ON  operation  regardless  of 
the  soft-start  circuit  30. 

35  Claims  - 

1.  An  apparatus  for  operating  discharge  lamp 
having  a  discharge  lamp,  direct-current  power 
source  means  for  supplying  a  direct  current  to 

40  said  discharge  lamp,  and  high-frequency  gen- 
erating  means,  capable  of  varying  a  direct- 
current  output  frequency  from  said  direct-cur- 
rent  power  source  means,  for  turning  on  said 
discharge  lamp  by  a  high-frequency  output 

45  from  said  high-frequency  generating  means, 
characterized  by  further  comprising: 

soft-start  circuit  means  (30)  for  controlling, 
upon  a  start  operation,  the  output  frequency  of 
said  high-frequency  generating  means  (20)  to 

so  be  lower  than  that  for  a  normal  ON  operation 
of  said  discharge  lamp  (24i,  242)  and  to  be 
changed  to  a  level  for  the  normal  ON  opera- 
tion; 

ON  detecting  means  (34)  for  detecting  that 
55  said  discharge  lamp  (24i  ,  242)  is  ON;  and 

soft-start  release  means  (32)  for  switching 
the  output  frequency  of  said  high-frequency 
generating  means  (20)  to  that  for  the  normal 

abled  state. 
When  the  power  source  is  OFF,  a  predeter- 

mined  pulse  signal  is  input  to  a  terminal  c  of  the 
power  OFF-time  reset  circuit  42.  A  transistor  Q10  is 
kept  OFF  for  predetermined  period  of  time  by  this 
pulse  signal  through  resistors  R37  and  R38,  and 
the  transistor  Q9  is  kept  ON  through  a  diode  D15 
during  this  period  of  time.  As  a  result,  the  capacitor 
C7  is  discharged  to  reset  the  soft-start  circuit  30. 
Also,  the  capacitor  C9  is  discharged  through  the 
diode  D9  to  reset  the  safety  circuit  38. 

In  this  manner,  when  the  service  life  of  the 
discharge  lamps  24i  and  242  is  out,  their  terminal 
voltages  Vu  and  VL2  are  increased  even  if  they  are 
ON.  Thus,  the  safety  circuit  38  detects  this  state 
and  increases  the  output  frequency  of  the  inverter 
20  to  protect  the  discharge  lamps  24i  and  242, 
thus  lowering  the  voltage  to  be  supplied  to  the 
discharge  lamps  24i  and  242.  The  values  of  the 
respective  circuit  elements  must  be  set  such  that 
the  safety  circuit  38  does  not  operate  during  the 
start  operation  of  the  discharge  lamps  24i  and  242. 

The  overall  operation  will  now  be  described. 
When  the  power  source  is  turned  on  by  the  DC 
power  source  12  to  start  the  discharge  lamps  24i 
and  242,  the  starter  36  and  the  power  ON-time 
reset  circuit  40  are  operated,  and  the  potential  of 
the  capacitor  C7  of  the  soft-start  circuit  30  are  set 
at  0  V  by  the  transistor  Q9,  thus  reliably  setting  the 
enable  state.  When  a  predetermined  period  of  time 
elapses  after  this,  the  transistor  Q9  is  turned  off. 
Thus,  the  capacitor  C7  is  charged.  The  output 
voltage  (the  potential  at  the  node  of  the  resistors 
R6  and  R7)  of  the  soft-start  circuit  30  rises  in- 
stantaneously,  and  then  continuously  drops  by  a 
predetermined  time  constant.  The  output  voltage  is 
applied  to  the  V/F  converter  22  as  the  oscillation 
control  signal  through  the  diode  D7  and  the  transis- 
tor  Q3  to  change  the  oscillation  frequency  of  the 
V/F  converter  22  and  the  output  frequency  of  the 
inverter  20. 

The  initial  value  of  the  output  voltage  of  the 
soft-start  circuit  30  is  set  in  such  a  manner  to 
cause  the  inverter  20  to  output  a  frequency  suffi- 
ciently  higher  than  that  for  the  normal  ON  operation 
of  the  discharge  lamps  24i  and  242.  As  a  result,  as 
the  output  voltage  of  the  soft-start  circuit  30  con- 
tinuously  drops  in  accordance  with  the  time  con- 
stant,  the  output  frequency  of  the  inverter  20  is 
continuously  increased.  In  this  manner,  the  soft- 
start  operation  to  continuously  increase  the  output 
voltage  to  the  discharge  lamps  24i  and  242  from  a 
low  value  in  accordance  with  the  time  constant  is 
performed. 

When  the  discharge  lamps  24i  and  242  are 
turned  on  during  the  soft-start  operation,  the  ON 
detector  34  detects  this  and  increases  the  collector 
potential  of  the  transistor  Q7  thereof.  Thus,  the 
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ON  operation  when  said  ON  detecting  means 
(34)  performs  ON  detection. 

2.  An  apparatus  according  to  claim  1,  character- 
ized  in  that  said  ON  detecting  means  (34)  5 
includes  voltage  detecting  means  (26)  for  de- 
tecting  a  terminal  voltage  of  said  discharge 
lamps  (24i  ,  242). 

3.  An  apparatus  according  to  claim  1,  character-  w 
ized  by  further  comprising  oscillator  means 
(22)  oscillated  at  a  frequency  in  proportion  to  a 
predetermined  voltage  so  as  to  drive  said  high- 
frequency  generating  means  (20). 

75 
4.  An  apparatus  according  to  claim  3,  character- 

ized  by  further  comprising  ON  frequency  cir- 
cuit  means  (28)  for  supplying  a  frequency  for 
turning  on  said  discharge  lamp  (24i,  242)  to 
said  oscillating  means  (22).  20 

5.  An  apparatus  according  to  claim  4,  character- 
ized  by  further  comprising  starter  means  (36), 
connected  between  said  direct-current  power 
source  means  (12)  and  said  ON  detecting  25 
means  (34),  for  ensuring  operation  of  said  soft- 
start  circuit  means  (30)  upon  start  of  said  dis- 
charge  lamp  (24i,  242). 

6.  An  apparatus  according  to  claim  5,  character-  30 
ized  by  further  comprising  safety  circuit  means 
(38)  for  increasing,  when  said  discharge  lamp 
(24i,  242)  is  ON  and  the  terminal  voltage 
thereof  rises,  the  output  frequency  of  said 
high-frequency  generating  means  (20)  to  de-  35 
crease  the  output  voltage  of  said  discharge 
lamp  (24,  ,  242). 

7.  An  apparatus  according  to  claim  6,  character- 
ized  by  further  comprising  power  ON-time  re-  40 
set  circuit  means  (40)  for  reliably  resetting  said 
soft-start  circuit  means  (30)  at  an  enabled  state 
when  said  apparatus  is  turned  on. 

8.  An  apparatus  according  to  claim  6,  character-  45 
ized  by  further  comprising  a  power  OFF-time 
reset  circuit  means  (42)  for  resetting  said  soft- 
start  circuit  means  (30)  and  said  safety  circuit 
means  (38)  when  said  apparatus  is  turned  off. 

50 

55 
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