
19 

Europaisches  Patentamt 

European  Patent  Office 

Office  europeen  des  brevets (n)  Publication  number:  0  3 9 0   2 8 5   B 1  

12 EUROPEAN  PATENT  S P E C I F I C A T I O N  

@  Date  of  publication  of  patent  specification 
07.06.95  Bulletin  95/23 

@  int.  ci.6:  H05B  41/392,  H05B  4 1 / 2 9  

(2j)  Application  number  :  90200738.4 

(22)  Date  of  filing  :  27.03.90 

@)  Discharge  lamp  lighting  device. 

(30)  Priority  :  28.03.89  JP  75572/89 
26.09.89  JP  249802/89 
26.09.89  JP  249803/89 
26.09.89  JP  249804/89 

(43)  Date  of  publication  of  application  : 
03.10.90  Bulletin  90/40 

(45)  Publication  of  the  grant  of  the  patent  : 
07.06.95  Bulletin  95/23 

@  Designated  Contracting  States  : 
DE  FR  GB 

(56)  References  cited  : 
DE-A-  3  313  916 
FR-A-  2  251  980 
GB-A-  726  654 

CO 
If) 
oo 
CM 
o  
CO 

LU 

@  Proprietor  :  MATSUSHITA  ELECTRIC  WORKS, 
LTD. 
1048,  Oaza-Kadoma 
Kadoma-shi  Osaka  571  (JP) 

(72)  Inventor  :  Ueoka,  Atsushi 
204,  2-1,  Toudacho  1-chome 
Moriguchi-shi,  Osaka  570  (JP) 
Inventor  :  Okude,  Akio 
803,  43-2,  Otori  Nakamachi  1-chome 
Sakai-shi,  Osaka  593  (JP) 

(74)  Representative  :  de  Vries,  Johannes  Hendrik 
Fokke  et  al 
Octrooibureau  Los  en  Stigter  B.V. 
P.O.  Box  20052 
NL-1000  HB  Amsterdam  (NL) 

Note  :  Within  nine  months  from  the  publication  of  the  mention  of  the  grant  of  the  European  patent,  any 
person  may  give  notice  to  the  European  Patent  Office  of  opposition  to  the  European  patent  granted. 
Notice  of  opposition  shall  be  filed  in  a  written  reasoned  statement.  It  shall  not  be  deemed  to  have  been 
filed  until  the  opposition  fee  has  been  paid  (Art.  99(1)  European  patent  convention). 

Jouve,  18,  rue  Saint-Denis,  75001  PARIS 



1 EP  0  390  285  B1 2 

Description 

This  invention  relates  to  a  discharge  lamp  lighting 
device  according  to  the  preamble  of  claim  1. 

1.  Field  of  the  Invention: 

In  the  discharge  lamp  lighting  device,  generally, 
intended  lowering  of  possible  lighting  level  has  been 
confronted  with  a  limitation,  due  to  that  the  discharge 
lamp  lighting  device  has  not  been  provided  with  any 
means  for  stably  lighting  the  lamp  upon  a  low  light  flux 
lighting  so  that,  as  the  lamp  current  flowing  through 
the  discharge  lamp  is  lowered,  the  discharge  lighting 
cannot  be  maintained  to  cause  the  lamp  to  eventually 
reach  lighted  off  state,  that  is,  to  a  so-called  flicker- 
off  state,  and  the  lighting  at  the  low  light  flux  level  can 
hardly  be  maintained.  Provided  here  that  a  relative  il- 
lumination  ratio  is  exceeding  20%  with  respect  to  the 
illumination  under  a  rated  current  lighting  set  to  be 
1  00%,  the  flicker-off  state  can  hardly  take  place.  In  re- 
spect  of  the  discharge  lamp  lighting  device,  therefore, 
it  has  been  generally  a  major  trend  that  the  devices 
set  to  be  more  than  20%  in  the  relative  illumination  ra- 
tio  are  put  in  commerce,  and  the  lighting  achievable 
practically  in  a  wider  range  has  been  demanded. 

2.  Description  of  the  Related  Art: 

So  long  as  such  conditions  as  an  amount  of  pre- 
heating  currentfed  to  discharge  lamp  filament  or  sup- 
plied  voltage  to  the  discharge  lamp  and  so  on  are  sat- 
isfied,  the  low  light  flux  lighting  can  be  attained,  and 
there  has  been  provided  already  a  discharge  lamp 
lighting  device  capable  of  lighting  the  discharge  lamp 
even  to  a  5%  level  in  the  relative  illumination  ratio.  It 
has  been  required,  however,  to  satisfy  the  conditions 
of  the  preheating  current  amount,  supplied  voltage 
and  so  on,  and  there  has  arisen  a  problem  that  re- 
quired  arrangement  of  the  device  has  to  be  made 
complicated  to  increase  manufacturing  costs. 

There  has  been  suggested  an  assembly  in  which 
such  a  discharge  lamp  hardly  flickered  off  as 
"F40SP35"  manufactured  by  U.S.  manufacturers 
GENERAL  ELECTRIC  is  combined  with  an  ordinary 
dimmable  discharge  lamp  lighting  device  such  as  dis- 
closed  in  U.S.  Patent  No.  4,663,570,  but  the  dis- 
charge  lamp  applicable  to  this  assembly  is  restricted 
so  that  there  arises  a  problem  that  the  freedom  of  se- 
lection  of  the  discharge  lamp  on  the  side  of  users  is 
narrowered  and  the  lamp  is  not  easily  available  in  the 
market. 

In  Japanese  Patent  Application  Laid-Open  Pub- 
lication  No.  61-296695,  for  example,  there  has  been 
disclosed  means  for  preventing  the  discharge  lamp 
from  being  flickered  off  by  applying  across  the  dis- 
charge  lamp  cyclically  (e.g.,  every  10m.sec.)  a  high 
voltage  pulse  (e.g.,  1,000V  at  a  pulse  width  of 

300nsec).  While  this  will  be  effective  to  a  prevent  the 
discharge  lamp  from  being  flickered  off,  the  high  vol- 
tage  pulse  cyclically  applied  is  in  an  audible  range,  so 
that  problems  will  arise  in  that  noise  is  generated,  and 

5  circuit  elements  forming  the  lighting  device  are  sub- 
jected  to  excessive  stress  due  to  the  high  voltage 
pulse  application.  With  this  discharge  lamp  lighting 
device  having  the  measure  for  preventing  the  flicker- 
off,  further,  it  has  been  empirically  found  that,  in  an 

10  event  where  the  device  is  activated  to  a  low  light  flux 
level,  eventual  light  emission  is  bright  at  lamp  tube 
end  but  not  in  the  central  part  of  the  lamp  tube,  and 
this  phenomenon  happens  remarkably  in  an  event  of 
a  discharge  lamp  lighting  device  of  a  high  frequency 

15  lighting  type,  employing  a  system  in  which  inner  tube 
surface  is  coated  with  a  conductor. 

In  addition,  Japanese  Patent  Application  Laid- 
Open  Publication  No.  57-118396  or  German  Patent 
Publication  No.  3,313,916  suggests  an  arrangement 

20  in  which  a  high  frequency  power  is  supplied  to  the  dis- 
charge  lamp  and  a  direct  current  power  is  also  applied 
as  superposed  on  the  high  frequency  power.  With  this 
discharge  lamp  lighting  device,  a  direct  current  bias 
due  to  the  applied  DC  power  is  applied  to  a  discharge 

25  lamp  current  of  the  supplied  high  frequency  power, 
whereby  such  phenomenon  known  as  the  striation 
that  a  stripe-pattern  appears  on  the  discharge  lamp 
tube  wall  is  restrained,  and  a  stable  lighting  can  be  re- 
alized.  In  this  lighting  device,  however,  the  low  light 

30  flux  lighting  is  not  at  all  intended.  That  is,  this  known 
arrangement  still  has  not  reached  a  level  of  technical 
idea  of  providing  a  discharge  lamp  lighting  device  of 
the  relative  illumination  ratio  exceeding  20%  with  re- 
spect  to  the  illumination  under  rated  current  set  to  be 

35  1  00%  and  intended  to  realize  the  stable  discharge 
lamp  lighting,  which  device  achieving  the  lighting 
made  to  the  low  light  flux  level. 

Consequently,  it  has  been  demanded  to  realize  a 
stable  lighting  to  a  lower  light  flux  level  of  the  relative 

40  illumination  ratio  of  5%  or  less  than  that,  i.e.,  than  in 
the  case  of  the  foregoing  known  devices. 

SUMMARY  OF  THE  INVENTION 

45  A  primary  object  of  the  present  invention  is, 
therefore,  to  provide  a  discharge  lamp  lighting  device 
which  can  stably  achieve  the  lighting  to  an  extremely 
low  light  flux  level  of  less  than-  20%  in  the  relative  il- 
lumination  ratio  or,  in  particular,  5%  or  less  than  that, 

so  with  respect  to  the  illumination  under  rated  conditions 
set  to  be  100%,  and  which  can  stably  achieve  a  dim- 
ming  of  the  discharge  lamp  over  a  wide  range  from 
100%  illumination  under  the  rated  conditions  to  such 
extremely  low  light  flux  level  as  less  than  5%  in  the 

55  relative  illumination  ratio. 
According  to  the  present  invention,  the  above  ob- 

ject  can  be  realized  by  a  discharge  lamp  lighting  de- 
vice  characterized  by  the  characterizing  features  of 
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claim  1. 
Other  objects  and  advantages  of  the  present  in- 

vention  shall  be  made  clear  in  following  description  of 
the  invention  detailed  with  reference  to  embodiments 
of  the  invention  as  shown  in  accompanying  drawings.  5 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

FIGURE  1  is  a  block  diagram  showing  an  embodi- 
ment  of  the  discharge  lamp  lighting  device  ac-  10 
cording  to  the  present  invention; 
FIG.  2  is  an  explanatory  view  for  a  discharge  lamp 
in  the  device  of  FIG.  1  ; 
FIG.  3  is  a  block  diagram  showing  another  work- 
ing  aspect  of  the  device  in  FIG.  1  ;  15 
FIG.  4  is  a  detailed  circuit  diagram  of  the  device 
shown  in  FIG.  3; 
FIGS.  5(a)  and  5(b)  are  waveform  diagrams  at  re- 
spective  parts  in  the  circuit  of  FIG  4; 
FIG.  6  is  a  diagram  showing  waveforms  at  re-  20 
spective  parts  in  the  circuit  of  FIG.  4; 
FIGS.  7(a)  and  7(b)  are  waveform  diagrams  of  the 
power  applied  to  the  discharge  lamp  respectively 
at  different  states; 
FIG.  8  is  a  block  diagram  in  another  working  as-  25 
pect  of  the  device  of  FIG.  1  ; 
FIG.  9  is  a  block  diagram  showing  another  em- 
bodiment  of  the  discharge  lamp  lighting  device 
according  to  the  present  invention; 
FIG.  10  is  a  block  diagram  showing  still  another  30 
embodiment  of  the  dimmable  discharge  lamp 
lighting  device  according  to  the  present  inven- 
tion; 
FIG.  11  is  a  block  diagram  showing  still  another 
working  aspect  of  the  device  of  FIG.  1  0;  35 
FIG.  12  is  a  block  diagram  a  further  embodiment 
of  the  dimmable  discharge  lamp  lighting  device 
according  to  the  present  invention; 
FIG.  1  3  is  a  detailed  circuit  diagram  for  a  main  cir- 
cuit  in  the  device  of  FIG.  12;  40 
FIGS.  14(a)  and  14(b)  are  detailed  circuit  dia- 
grams  for  control  means  in  the  device  of  FIG.  12; 
FIG.  15  is  a  diagram  showing  waveforms  at  re- 
spective  parts  in  the  circuit  of  FIG.  14; 
FIG.  1  6  is  a  detailed  circuit  diagram  for  a  main  cir-  45 
cuit  in  another  working  aspect  of  the  device 
shown  in  FIG.  12; 
FIG.  17  is  a  detailed  circuit  diagram  for  a  control 
means  in  still  another  working  aspect  of  the  de- 
vice  of  FIG.  12;  50 
FIG.  1  8  is  a  detailed  circuit  diagram  of  yet  another 
working  aspect  of  the  device  of  FIG.  12; 
FIG.  19  shows  in  a  circuit  diagram  yet  another 
embodiment  of  the  discharge  lamp  lighting  de- 
vice  according  to  the  present  invention;  55 
FIGS.  20(a)  to  20(d)  are  operational  waveform  di- 
agrams  for  the  device  of  FIG.  19; 
FIG.  21  is  a  blockdiagram  of  another  working  as- 

pect  of  the  device  of  FIG.  19; 
FIG.  22  is  a  detailed  diagram  for  a  main  circuit  in 
the  device  of  FIG.  21; 
FIG.  23  is  a  detailed  circuit  diagram  of  a  control 
means  in  the  device  of  FIG.  21; 
FIGS  24(a)  to  20(c)  are  operational  waveform  di- 
agrams  for  the  device  of  FIG.  21  ; 
FIG.  25  is  a  blockdiagram  of  another  working  as- 
pect  of  the  device  of  FIG.  19; 
FIG.  26  is  a  diagram  for  explaining  the  operation 
of  the  device  of  FIG.  25; 
FIG.  27  is  a  circuit  diagram  of  a  main  part  of  the 
device  of  FIG.  25; 
FIG.  28  is  a  block  diagram  showing  still  another 
embodiment  of  the  dimmable  discharge  lamp 
lighting  device  according  to  the  present  inven- 
tion; 
FIGS.  29(a)  and  29(b)  are  explanatory  views  for 
the  device  of  FIG.  28; 
FIG.  30  is  a  detailed  circuit  diagram  showing  the 
main  part  of  the  device  of  FIG.  28; 
FIG.  31  is  a  detailed  circuit  diagram  for  a  control 
means  in  the  device  of  FIG.  28; 
FIG.  32  is  a  circuit  diagram  of  the  main  part  in  an- 
other  aspect  of  the  device  of  FIG.  28; 
FIG.  33  is  a  block  diagram  of  another  aspect  of 
the  device  of  FIG.  28; 
FIG.  34  is  a  circuit  diagram  showing  the  main  part 
of  the  device  in  FIG.  33; 
FIG.  35  is  a  diagram  showing  the  relationship  be- 
tween  the  relative  illumination  ratio  and  the  re- 
quired  voltage  in  the  dimmable  discharge  lamp 
lighting  device  according  to  the  present  inven- 
tion;  and 
FIG.  36  is  a  diagram  showing  the  relationship  be- 
tween  the  relative  illumination  ratio  and  the  re- 
quired  voltage  in  a  device  not  having  the  DC  pow- 
er  supplying  means  according  to  the  present  in- 
vention. 
While  the  present  invention  shall  now  be  descri- 

bed  with  reference  to  the  respective  embodiments 
shown  in  the  accompanying  drawings,  it  should  be  ap- 
preciated  that  the  intention  is  not  to  limit  the  invention 
only  to  these  embodiments  but  rather  to  include  all  al- 
terations,  modifications  and  equivalent  arrange- 
ments  possible  within  the  scope  of  appended  claims. 

DETAILED  DESCRIPTION  OF  THE  PREFERRED 
EMBODIMENTS 

Referring  to  FIG.  1  showing  a  basic  embodiment 
of  the  dimmable  discharge  lamp  lighting  device  ac- 
cording  to  the  present  invention,  the  device  generally 
comprises  a  low-intension  mercury-arc  discharge 
lamp  10,  a  high  frequency  power  source  11  supplying 
a  high  frequency  power  to  the  lamp  1  ,  a  dimmer  con- 
trol  means  12  carrying  out  a  dimming  of  the  lamp  10 
from  an  arc  discharge  zone  to  a  glow  discharge  zone, 
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and  a  direct  current  power  supplying  means  13  which 
supplies  to  the  lamp  10a  direct  current  power  at  a  lev- 
el  capable  of  maintaining  discharge  upon  a  low  light 
flux  dimming,  as  superposed  on  the  high  frequency 
power  from  the  source  1  1  to  the  lamp  1  0,  while  the  DC 
power  supplying  means  13  includes  a  direct  current 
source  14. 

In  the  present  instance,  the  arrangement  is  so 
made  that  a  control  signal  from  the  dimmer  control 
means  12  for  controlling  the  dimming  of  the  discharge 
lamp  10  will  be  provided  to  the  high  frequency  power 
source  11,  impedance  elements  Z1  and  Z2  and  DC 
powersource  14  respectively  concurrently,  butthe  ar- 
rangement  may  not  be  always  for  such  concurrent 
provision  of  the  control  signal  to  all  of  such  compo- 
nents.  For  example,  the  control  signal  may  be  provid- 
ed  only  to  the  high  frequency  power  source  11,  the 
high  frequency  output  obtained  from  the  high  fre- 
quency  power  source  11  is  varied  in  the  frequency  to 
have  the  supplied  power  to  the  lamp  10  controlled, 
and  the  dimming  can  thereby  carried  out.  Further,  the 
control  signal  may  be  input  from  the  dimmer  control 
means  12  to  the  DC  power  source  14  so  as  to  have  a 
DC  component  from  the  DC  power  supplying  means 
13  varied,  and  the  DC  component  made  optimum  in 
accordance  with  dimming  degree  can  be  applied  to 
the  lamp  1  0.  For  the  impedance  elements  Z1  and  Z2 
disposed  respectively  between  the  high  frequency 
power  source  11  and  the  lamp  10  and  the  DC  power 
source  1  4  and  the  lamp  1  0,  one  Z1  of  them  may  com- 
prise  a  saturable  inductance,  so  that  the  value  of  this 
inductance  may  be  controlled  by  the  control  signal  in- 
put  thereto  for  realing  the  dimming.  By  forming  the 
other  impedance  element  Z2  with  a  resistance  ele- 
ment  and  a  switching  element  so  that  the  switching 
element  may  be  made  on  and  off  by  the  control  signal 
provided  to  such  impedance  element  Z2,  and  the  DC 
power  to  the  discharge  lamp  10  may  be  controlled  in 
the  amount  of  being  superposed.  In  this  case,  the  im- 
pedance  element  Z2  may  comprise  only  the  switching 
element,  and  an  impedance  of  the  discharge  lamp  10 
may  be  utilized  as  that  of  a  resistance  element. 

When  an  alternating  current  high  frequency  pow- 
er  is  supplied  to  the  discharge  lamp  10,  the  current 
flowing  through  the  lamp  10  may  be  regarded  to  be 
divided  into  a  main  current  and  a  dark  current.  Refer- 
ring  here  to  an  equivalent  circuit  as  in  FIG.  2  of  the  dis- 
charge  lamp  10,  it  is  assumed  for  simplicity  that  a  dis- 
charge  path  comprises  a  negative  resistance  1a,  a  ca- 
pacitive  impedance  1b  is  present  between  the  nega- 
tive  resistance  1a  and  a  lamp  tube  wall,  and  a  further 
capacitive  impedance  1c  is  present  between  lamp  fi- 
laments  f1  and  f2  and  the  lamp  tube  wall.  In  the  event 
where  the  lamp  10  is  lighted  with  a  rated  current  ap- 
plied  thereto,  the  main  current  flows  sufficiently 
through  the  filaments  f1  and  f2  to  the  discharge  path 
to  maintain  the  discharge  path  represented  by  the 
negative  resistance  1a.  On  the  other  hand,  as  the 

dimming  is  carried  out,  the  main  current  reduces  to 
have  the  ratio  of  the  dark  current  relatively  increased, 
the  dark  current  being  not  contributive  to  the  light 
emission,  and,  as  the  dimming  is  carried  out  further 

5  over  a  certain  level,  the  current  flowing  through  the 
negative  resistance  1a  forming  the  discharge  path  is 
caused  to  flow  only  to  a  tube  wall  impedance  1d 
through  the  capacitive  impedance  1b  between  the 
negative  resistance  1a  and  the  tube  wall,  and  the  dis- 

10  charge  path  cannot  be  retained  any  more.  As  a  result, 
all  of  the  supplied  currents  are  caused  to  become 
dark  currents,  and  the  flicker-off  takes  place  in  the 
discharge  lamp  10. 

The  relationship  between  the  power  voltage  and 
15  the  relative  illumination  ratio  with  the  illumination  un- 

derthe  rated  lighting  made  100%  has  been  measured 
by  supplying  a  high  frequency  power  through  a  high 
frequency  power  source  of  40KHz  and  an  insulating 
transformer  for  insulating  the  source  to  a  straight 

20  40W  tube  of  a  low  intension  mercury-arc  discharge 
lamp  of  the  inner  surface  conductor  coated  type,  for 
example,  (which  has  been  manufactured  by  the  pres- 
ent  assignee  firm  as  "FLR40W-F/MX")  while  applying 
thereto  a  preheating  current  lp=0.4A,  and  varying  the 

25  high  frequency  power  to  the  discharge  lamp  for  its 
dimming  operation,  results  of  which  measurement 
have  been  as  shown  in  FIG.  36  diagrammatically.  As 
will  be  clear  from  this  diagram,  the  lamp  voltage  rises 
as  the  relative  illumination  ratio  falls  so  that  the  rise 

30  will  be  abrupt  when  the  relative  illumination  ratio  is 
around  10-20%,  and  the  thus  raised  lamp  voltage 
abruptly  falls  toward  about  5%  of  the  relative  illumin- 
ation  ratio  so  that  the  discharge  lamp  lighting  has 
flickered  off  when  the  relative  illumination  ratio  is 

35  about  5%.  While  this  tendency  has  been  remarkable 
as  the  lamp  temperature  is  made  lower,  the  discharge 
lamp  lighting  has  become  difficult  to  maintain  when 
the  relative  illumination  ratio  is  less  than  20%,  irres- 
pective  of  the  lamp  temperature,  and  the  lighting  has 

40  flickered  off  at  about  5%  of  the  relative  illumination  ra- 
tio  in  every  case  of  different  lamp  temperatures.  Fur- 
ther,  similar  measurement  has  been  carried  out  with 
respect  to  other  types  of  the  low  intension  mercury- 
arc  discharge  lamps,  and  substantially  the  same  re- 

45  suits  have  been  attained. 
From  the  foregoing  viewpoint,  it  is  required  to 

have  the  discharge  path  always  kept  established  in 
order  carry  out  the  dimming  to  an  extremely  low  level 
of  the  relative  illumination  ratio  and,  for  this  purpose, 

so  it  is  required  to  supply  the  current  so  as  not  to  become 
the  dark  current.  It  should  be  appreciated  here  that 
the  applied  current  is  required  to  be  made  a  direct  cur- 
rent  in  order  that  the  current  will  not  flow  to  such  ca- 
pacitive  impedance  components  as  the  impedance 

55  components  1b  between  the  negative  resistance  1a 
and  the  lamp  tube  wall  and  the  impedance  compo- 
nents  1c  between  the  filaments  f1,  f2  and  the  lamp 
tube  wall. 

4 
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According  to  the  present  invention,  the  arrange- 
ment  is  so  made  that  the  DC  power  at  a  level  capable 
of  maintaining  the  discharge  upon  the  low  light  flux  is 
applied  to  the  discharge  lamp  10  as  superposed  on 
the  high  frequency  power  by  means  of  the  DC  power  5 
supplying  means  13  as  shown  in  FIG.  1,  no  current  is 
therefore  made  to  flow  through  the  capacitive  impe- 
dance  components  1b  and  1c  so  as  to  restrain  or  re- 
markably  reduce  the  dark  current,  and  the  discharge 
path  can  be  well  established.  Consequently,  the  rela-  10 
tionship  between  the  lamp  voltage  and  the  relative  il- 
lumination  or,  in  other  words,  the  light  flux,  approxi- 
mating  that  shown  in  FIG.  36  has  been  attained  by 
carrying  out  the  lighting  by  supplying  a  power  through 
the  high  frequency  power  source  and  the  insulating  15 
transformer  to  the  straight  40W  tube  of  the  low-inten- 
sion,  mercury-arc  discharge  lamp  also  of  the  inner 
surface  conductor  coated  type,  manufactured  by  the 
present  assignee  firm  as  FLR40S/MX-36,  and  apply- 
ing  the  DC  power  as  superposed  on  the  power  by  20 
means  of  the  DC  current  applying  means  13  while 
providing  the  preheating  current  lp=0.4Aand  varying 
the  high  frequency  power.  Results  of  this  measure- 
ment  have  been  as  shown  in  FIG.  35,  in  which  it  has 
been  empirically  made  known  that  the  discharge  lamp  25 
lighting  device  according  to  the  present  invention  al- 
lows  the  lamp  lighting  realized  even  at  an  extremely 
low  light  flux  level,  without  any  flickering-off,  and  the 
lighting  can  be  attained  even  when  the  relative  illu- 
mination  or  the  light  flux  is  lowered  to  be  closer  to  30 
0.1%. 

A  more  concrete  arrangement  of  the  present  in- 
vention  shall  now  be  detailed.  Referring  to  FIG.  3,  an 
AC  voltage  of  a  commercial  AC  source  Vs  is  convert- 
ed  into  a  DC  voltage  by  a  DC  converting  circuit  11  A  35 
of  the  high  frequency  power  source  11  and  is  then 
converted  into  a  high  frequency  voltage  by  a  high  fre- 
quency  converting  circuit  11  B,  and  this  high  frequen- 
cy  voltage  is  applied  across  the  discharge  lamp  10 
through  a  resonance  circuit  11c.  At  the  same  time,  a  40 
preheating  current  is  provided  from  a  preheating  cir- 
cuit  11  D  to  the  filaments  f1  and  f2  of  the  discharge 
lamp  10.  The  high  frequency  voltage  obtained  at  the 
high  frequency  converting  circuit  11  B  is  converted 
into  a  DC  voltage  by  a  DC  converting  circuit  1  3A  in  the  45 
DC  power  supplying  means  13,  and  this  DC  voltage 
is  applied  across  the  discharge  lamp  10  through  an 
impedance  element  13B  and  diode  13C,  so  that  a  DC 
power  at  the  discharge  maintaining  level  upon  the 
lower  light  flux  lighting  can  be  applied  to  the  discharge  50 
lamp  as  superposed  on  the  high  frequency  power. 

In  FIG.  4,  there  is  shown  a  more  detailed  circuit 
arrangement  of  that  in  FIG.  3  is  shown,  in  which  in- 
stance  the  commercial  AC  source  Vs  is  connected, 
more  concretely,  through  a  fuse  F  and  filter  coils  FC1  55 
and  FC2  in  the  DC  converting  circuit  11  A  to  AC  input 
terminals  of  a  diode  bridge  DB1  .  To  input  side  of  the 
filter  coil  FC1,  a  surge  absorber  ZN  Rand  a  noise  pre- 

ventive  capacitor  C1  are  connected  in  parallel  and,  to 
input  and  output  sides  of  the  filter  coil  FC2,  noise  pre- 
ventive  capacitors  C2  and  C3  are  connected  respec- 
tively  in  parallel.  To  a  positive  output  terminal  of  the 
diode  bridge  DB1  ,  an  inductor  CHI  is  connected  at  its 
one  end  while  the  other  end  of  this  inductor  CHI  is 
connected  to  a  drain  of  MOS  transistor  Q1  employed 
as  a  chopper.  This  MOS  transistor  Q1  is  connected  at 
its  source  through  a  low  resistor  R1  to  the  other  neg- 
ative  output  terminal  of  the  diode  bridge  DB1  ,  and  at 
its  drain  to  one  end  of  a  series  circuit  of  capacitors  C4 
and  C5  through  anode  and  cathode  of  a  reverse-flow 
preventing  diode  D1  while  the  other  end  of  this  series 
circuit  is  connected  to  the  other  negative  output  ter- 
minal.  Across  the  series  circuit  of  the  capacitors  C4 
and  C5,  a  series  circuit  of  resistors  R2  and  R3  and  a 
variable  resistance  VR1  is  connected  in  parallel,  while 
a  junction  point  "b"  between  the  both  resistors  R2  and 
R3  forms  a  detecting  terminal  for  allowing  a  DC  vol- 
tage  VDC  obtained  at  the  series  circuit  of  capacitors  4 
and  5  to  be  detected. 

In  the  thus  arranged  DC  converting  circuit  11  A, 
the  MOS  transistor  Q1  is  to  be  switched  on  and  off  at 
a  high  speed  by  means  of  an  oscillation  output  "a"  of 
an  oscillation  circuit  IC1  latter  described.  When  the 
MOS  transistor  Q1  is  switched  on,  first,  the  DC  output 
end  of  the  diode  bridge  DB1  is  caused  to  be  short- 
circuited  by  the  inductor  CH1,  whereby  a  current  flow- 
ing  through  the  inductor  CH1  is  increased  at  a  gra- 
dient  proportional  to  the  magnitude  of  the  DC  output 
voltage  of  the  diode  bridge  DB1,  and  an  energy  is  to 
be  accumulated  in  the  inductor  CH1.  As  the  MOS 
transistor  Q1  is  switched  off,  this  energy  in  the  induc- 
tor  CH1  is  discharged,  a  boosting  chopper  circuit  is 
thereby  formed  to  charge  the  capacitors  C4  and  C5 
through  the  diode  D1  so  that,  even  when  a  momen- 
tary  voltage  of  the  commercial  AC  source  Vs  is  low, 
a  charging  current  will  be  caused  to  flow  to  the  capac- 
itors  C4  and  C5  and  the  voltage  VDC  of  the  capacitors 
C4  and  C5  can  be  sufficiently  smoothed. 

By  switching  on  and  off  the  MOS  transistor  Q1  at 
the  high  speed  in  this  way,  it  is  made  possible  to  al- 
ways  flow  an  input  current  through  the  inductor  CH1 
from  the  commercial  AC  source  Vs,  and  the  inductor 
CH1  will  have  a  current  waveform  of  a  sinusoidal  en- 
velope.  When  such  current  waveform  is  subjected  to 
a  filtering  through  the  filter  coils  FC1  and  FC2andthe 
noise  preventive  capacitors  C1  to  C3  so  that  the  cur- 
rent  will  be  continuous,  the  input  current  from  the 
commercial  AC  power  source  Vs  will  be  a  sine  wave 
which  is  in-phase  with  an  input  voltage  V!N  and  the  in- 
put  power  factor  will  be  substantially  1  .  Further,  the  in- 
put  current  will  be  smaller  in  the  distortion  factor,  and 
the  higher  harmonic  component  is  made  less.  Here, 
the  filter  coils  FC1  and  FC2  as  well  as  the  noise  pre- 
ventive  capacitors  C1-C3  are  so  set  in  the  circuit  con- 
stant  as  to  show  a  low  impedance  with  respect  to  the 
commercial  AC  frequency  and  a  high  impedance  with 
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respect  to  a  switching  frequency  of  the  MOS  transis- 
tor  Q1  . 

In  the  high  frequency  converting  circuit  11B,  a 
MOS  transistor  Q2  is  connected  at  its  drain  to  a  pos- 
itive  output  terminal  of  the  DC  converting  circuit  11  A, 
at  its  source  through  a  low  resistor  R6  to  a  drain  of  an- 
other  MOS  transistor  Q3  which  is  connected  at  its 
source  through  a  low  resistor  R9  to  a  negative  output 
terminal  of  the  DC  converting  circuit  11A.  Here,  the 
low  resistors  R1  ,  R6  and  R9  connected  in  series  to  the 
source  side  of  the  respective  MOS  transistors  Q1  ,  Q2 
and  Q3  are  provided  for  preventing  any  overcurrent. 
The  MOS  transistor  Q3  is  connected  at  its  drain 
through  a  capacitor  C6  for  cutting  DC  component  to 
a  later-stage  load  circuit  comprising  a  preheating  cir- 
cuit  11  D,  resonance  circuit  11  C  and  the  discharge 
lamp  10.  In  this  high  frequency  converting  circuit  11  B, 
first,  the  MOS  transistor  Q2  on  higher  potential  side 
is  switched  on  and  off  by  a  first  drive  signal  applied 
across  high  potential  side  drive  terminals  "c"  and  "d", 
upon  which  the  MOS  transistor  Q2  is  connected  at  its 
gate  through  a  resistor  R5  to  the  drive  terminal  "d". 
Between  the  drive  terminal  "c"  and  the  gate  of  the 
MOS  transistor  Q2,  a  resistor  R4  is  connected,  and  a 
series  circuit  of  a  resistor  R30  and  diode  D6  is  further 
connected  in  parallel  to  the  resistor  R4.  The  higher  po- 
tential  side  drive  terminal  "c"  is  controlled  by  a  later 
described  inverter  control  means  so  that  "H"  level 
state  and  "L"  level  state  will  alternate  in  the  sense  of 
high  frequency  with  the  higher  potential  side  terminal 
"d"  made  as  the  reference.  When  this  drive  terminal 
"c"  is  at  the  "H"  level  with  respect  to  the  high  potential 
side  terminal  "d"  as  the  reference,  a  divided  voltage 
of  this  "H"  level  voltage  by  the  resistors  R4  and  R5  is 
applied  to  the  gate  of  the  MOS  transistor  Q2,  whereby 
a  voltage  VGS  across  the  gate  and  source  of  the  MOS 
transistor  Q2  is  raised  so  that  the  MOS  transistor  Q2 
will  be  switched  on. 

When  the  drive  terminal  "c"  is  at  the  "L"  level  with 
respect  to  the  high  potential  side  terminal  "d"  as  the 
reference,  next,  a  charge  accumulated  at  a  capacity 
across  the  gate  and  source  of  the  MOS  transistor  Q2 
is  discharged  through  the  diode  D6  and  resistor  R30, 
the  voltage  VGS  across  the  gate  and  source  of  the 
transistor  Q2  falls,  and  this  transistor  is  thereby 
caused  to  be  switched  off.  Then,  the  MOS  transistor 
Q3  on  the  lower  potential  side  is  switched  on  by  a  sec- 
ond  drive  signal  applied  across  the  lower  potential 
side  drive  terminal  "c"  and  ground  level.  Here,  a  fur- 
ther  lower  potential  side  drive  terminal  "e"  is  control- 
led  to  alternate  in  the  sense  of  the  high  frequency  be- 
tween  "H"  level  state  and  "L"  level  state  with  the 
ground  level  made  as  the  reference,  by  means  of  a  lat- 
er  described  inverter  control  means.  Driving  circuit  ar- 
rangement  and  its  operation  for  the  MOS  transistor 
Q3  are  substantially  the  same  as  those  of  the  MOS 
transistor  Q2,  resistors  R7,  R8  and  R31  correspond 
respectively  to  the  resistors  R4,  R5  and  R30,  and  di- 

ode  7  corresponds  to  the  diode  D6. 
In  the  present  instance,  the  first  and  second  drive 

signals  are  not  made  to  be  simultaneously  at  the  "H" 
level,  and  a  first  period  in  which  the  first  drive  signal 

5  is  at  the  "H"  level  but  the  second  drive  signal  is  at  the 
"L"  level,  a  second  period  in  which  the  first  and  sec- 
ond  drive  signals  are  both  at  the  "L"  level,  a  third  per- 
iod  in  which  the  first  drive  signal  is  at  the  "L"  level  but 
the  second  drive  signal  is  at  the  "H"  level  and  a  fourth 

10  period  in  which  the  first  and  second  drive  signals  are 
both  at  the  "L"  level  are  repeated  sequentially  and 
constantly  in  this  order.  More  specifically,  in  the  first 
period,  the  MOS  transistor  Q2  is  made  ON  while  the 
MOS  transistor  Q3  is  made  OFF  so  that  a  current  will 

15  flow  through  a  path  from  the  positive  output  terminal 
of  the  DC  converting  circuit  11A  through  the  MOS 
transistor  Q2,  low  resistor  R6,  DC  component  cutting 
capacitor  C6  and  load  circuit  to  the  negative  output 
terminal  of  the  circuit  11A.  In  the  second  period,  the 

20  MOS  transistors  Q2  and  Q3  are  both  made  OFF  con- 
currently,  so  that  an  oscillation  current  will  flow 
through  a  parasitically  incorporated  reverse  parallel 
diode  D102  across  the  drain  and  source  of  the  MOS 
transistor  Q3.  In  the  third  period,  the  MOS  transistor 

25  Q2  is  OFF  while  the  MOS  transistor  Q3  is  ON  so  that, 
with  the  DC  component  cutting  capacitor  C6  made  as 
a  power  source,  a  current  will  flow  through  a  path 
from  this  capacitor  C6  through  the  MOS  transistor 
Q3,  low  resistor  R9  and  load  circuit  back  to  the  capac- 

30  itor  C6.  In  the  fourth  period,  the  MOS  transistors  Q2 
and  Q3  are  concurrently  made  OFF,  so  that  the  oscil- 
lation  current  of  the  load  circuit  will  flow  through  also 
a  parasitically  incorporated  reverse  parallel  diode 
D101  across  the  drain  and  source  of  the  MOS  tran- 

35  sistor  Q2,  whereby  a  high  frequency,  alternating  cur- 
rent  is  caused  to  flow  through  the  load  circuit.  The 
MOS  transistors  Q2  and  Q3  may  be  so  set  in  the 
switching  frequency  as  to  be  slightly  higher  than  the 
specific  oscillation  frequency  of  the  load  circuit. 

40  Next,  the  preheating  circuit  11  D  comprises  a  pre- 
heating  transformer  T1  having  a  primary  winding  con- 
nected  to  the  high  frequency  output  of  the  high  fre- 
quency  converting  circuit  11B,  and  first  and  second 
secondary  windings  connected  respectively  to  the 

45  first  and  second  filaments  f1  and  f2  of  the  discharge 
lamp  10,  whereby  a  high  frequency  voltage  to  which 
a  high  frequency  output  of  the  high  frequency  con- 
verting  circuit  11  B  is  dropped  is  applied  to  the  fila- 
ments  f1  and  f2  of  the  discharge  lamp  10  to  preheat 

so  them  with  the  high  frequency.  A  high  frequency  vol- 
tage  obtained  at  a  third  secondary  winding  of  the  pre- 
heat  transformer  T1  is  supplied  to  a  DC  converting 
circuit  1  3A  so  as  to  be  a  source  of  the  DC  power  sup- 
plying  means  13. 

55  The  resonance  circuit  1  1  C  comprises  a  series  cir- 
cuit  of  an  inductor  CH2  and  capacitor  C7  connected 
to  the  high  frequency  output  of  the  high  frequency 
converting  circuit  11B,  and  the  discharge  lamp  10  is 
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connected  across  the  capacitor  C7  through  a  capac- 
itor  C8  and  a  filter  FC3  so  that  the  lamp  10  will  be 
started  and  lighted  by  rendering  the  high  frequency 
output  of  the  high  frequency  converting  circuit  11  B  to 
be  in  resonance.  The  filter  FC3  is  effective  to  carry 
out  a  noise  preventing  function. 

The  DC  converting  circuit  13A  in  the  DC  power 
supplying  means  13  comprises  a  diode  D9  for  recti- 
fying  the  high  frequency  voltage  obtained  at  the  third 
secondary  winding  of  the  preheating  transformer  T1 
and  a  smoothing  capacitor  C9  for  smoothing  the  rec- 
tified  voltage,  so  that  a  power  source  will  be  formed 
to  provide  a  power  into  which  the  high  frequency  vol- 
tage  from  the  high  frequency  converting  circuit  1  1  B  is 
rectified  and  smoothed.  The  DC  voltage  obtained  at 
the  smoothing  capacitor  C9  is  applied  through  an  in- 
ductor  CH3  and  a  diode  D2  to  the  discharge  lamp  10. 
The  inductor  CH3  acting  as  an  impedance  element 
13B  can  be  an  impedance  by  its  copper  loss  compo- 
nent  with  respect  to  the  direct  current  but,  with  respect 
to  the  high  frequency  from  the  resonance  circuit  1  1  C, 
its  inductive  reactance  jwL  with  L  representing  the  in- 
ductance  value  of  the  inductor  CH3  will  be  the  impe- 
dance,  so  as  to  achieve  a  function  of  preventing  any 
runaround  with  respect  to  the  high  frequency.  The  di- 
ode  D2  which  corresponds  to  the  diode  13c  in  FIG.  3 
prevents  the  smoothing  capacitor  C9  from  being 
charged  by  a  voltage  across  the  discharge  lamp  10. 
The  DC  voltage  from  the  DC  power  supplying  means 
1  3  is  blocked  by  the  capacitor  C8  from  flowing  to  the 
preheating  transformer  T1  in  the  preheating  circuit 
11  D  but  is  allowed  to  flow  only  to  the  main  current 
path  to  the  discharge  lamp  10. 

As  has  been  disclosed,  the  high  frequency  vol- 
tage  from  the  high  frequency  converting  circuit  1  1  B  is 
applied  across  the  discharge  lamp  1  0,  and  the  DC  vol- 
tage  from  the  DC  power  supplying  means  13  is  super- 
posed  thereon.  Since  the  voltage  attained  at  the  ca- 
pacitors  C4  and  C5  in  the  DC  converting  circuit  11  A 
is  the  substantially  completely  smoothed  DC  voltage 
as  in  the  above,  the  envelope  of  the  high  frequency 
voltage  from  the  high  frequency  converting  circuit 
1  1  B  will  be  also  flat,  so  that  the  light  output  of  the  dis- 
charge  lamp  10  produces  substantially  no  flickering. 

Referring  next  to  the  control  means  12  more  spe- 
cifically,  the  means  12  comprises  a  chopper  control- 
ling  circuit  section  for  controlling  the  MOS  transistor 
Q1  employed  as  the  chopper  for  a  voltage  boosting  in 
the  DC  converting  circuit  11  A,  an  inverter  control  cir- 
cuit  section  for  controlling  the  MOS  transistors  Q2 
and  Q3  in  the  high  frequency  converting  circuit  11  B, 
and  a  control  power  source  circuit  section  for  supply- 
ing  a  control  power  source  voltage  Vcc  to  these  circuit 
sections.  First,  the  control  power  source  circuit  sec- 
tion  comprises  a  voltage  dropping  transformer  T2 
having  a  primary  winding  connected  to  both  ends  of 
the  capacitor  C2  in  the  DC  converting  circuit  11  A  and 
a  secondary  winding  connected  to  an  AC  input  termi- 

nals  of  a  diode  bridge  DB2  to  DC  output  terminals  of 
which  a  capacitor  C10  and  a  Zener  diode  ZD1  are 
connected  in  parallel  to  each  other,  while  the  Zenerdi- 
ode  ZD1  is  connected  on  its  anode  side  to  the  ground 

5  level  and  is  receiving  on  its  cathode  side  the  opera- 
tional  source  voltage  Vcc  for  the  both  circuit  sections. 

The  chopper  controlling  circuit  section  includes 
an  oscillating  circuit  IC1  which  comprises  such  an  IC 
for  controlling  a  switching  regulator  as  "nPC494C"  by 

10  a  Japanese  manufacturer  NEC.  This  controlling  IC  re- 
ceives  the  control  power  source  voltage  Vcc  across  a 
source  terminal  (12th  pin)  and  a  grounding  terminal 
(7th  pin),  and  incorporates  therein  an  oscillator  which 
oscillates  at  a  frequency  in  accordance  with  a  time 

15  constant  determined  by  a  capacitor  C14  connected 
between  a  capacitor  terminal  (5th  pin)  and  the 
grounding  terminal  and  a  resistor  R14  connected  be- 
tween  a  resistor  terminal  (6th  pin)  and  the  grounding 
terminal.  Its  first  oscillating  output  is  obtained  by  an 

20  alternation  between  short-circuit  state  and  open  state 
across  a  first  open  collector  terminal  (8th  pin)  and  a 
first  open  emitter  terminal  (9th  pin),  and  a  second  os- 
cillating  output  is  obtained  by  an  alternation  between 
a  short-circuit  state  and  an  open  state  across  a  sec- 

25  ond  open  collector  terminal  (11th  pin)  and  a  second 
open  emitter  terminal  (10th  pin).  When  an  output  con- 
trol  terminal  (13th  pin)  is  made  at  the  ground  level,  the 
IC  carries  out  a  single  end  operation  for  single  ele- 
ment  so  that  the  first  oscillating  output  corresponds 

30  to  the  second  oscillating  output  whereas,  when  the 
output  control  terminal  is  set  at  a  reference  voltage 
Vref  obtained  at  a  reference  voltage  output  terminal 
(14th  pin),  a  push-pull  operation  for  two  elements  is 
carried  out  so  that  the  first  and  second  oscillating  out- 

35  puts  take  mutually  opposite  state  through  a  predeter- 
mined  dead-off  time  which  can  be  set  by  inputting  to 
a  dead-off  time  control  terminal  (4th  pin)  a  divided 
voltage  of  the  reference  voltage  Vref  level  by  means  of 
resistors  R10  and  R33  and  a  variable  resistor  VR2. 

40  Further,  non-inverting  terminals  (1st  and  16th  pins) 
and  inverting  terminals  (2nd  and  15th  pins)  are  input 
terminals  for  an  error  amplifying  circuit  for  pulse  width 
control.  In  this  case,  the  first  non-inverting  terminal 
(1st  pin)  is  receiving  a  divided  voltage  of  an  output  vol- 

45  tage  VDC  of  the  DC  converting  circuit  11  A  by  means 
of  resistors  R2  and  R3  and  a  variable  resistor  VR1, 
and  this  terminal  is  connected  through  a  capacitor 
C12  to  the  ground  level.  The  first  inverting  terminal 
(2nd  pin)  is  receiving  a  divided  voltage  of  the  refer- 

so  ence  voltage  Vref  by  means  of  resistors  R1  1  and  R1  2. 
On  the  other  hand,  the  second  non-inverting  input  ter- 
minal  (1  6th  pin)  is  pulled  down  to  the  ground  level  and 
the  second  inverting  input  terminal  (15th  pin)  is  pulled 
down  to  the  level  of  the  control  source  voltage  Vcc, 

55  and  these  terminals  are  not  in  use  here.  A  feed-back 
terminal  (3rd  pin)  is  a  feed-back  input  terminal,  which 
is  connected  through  a  resistor  R13  and  capacitor 
C13  to  the  first  inverting  input  terminal  (2nd  pin). 

7 
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In  the  foregoing  arrangement,  an  output  control 
terminal  (13th  pin)  is  pulled  down  to  the  ground  level 
so  that  the  first  and  second  oscillating  outputs  are  co- 
inciding  with  each  other,  their  oscillating  frequency  is 
determined  by  the  time  constant  of  the  resistor  R14 
and  capacitor  C14,  and  the  pulse  width  is  to  be  con- 
trolled  so  as  to  cancel  any  voltage  variation  occurring 
in  the  output  voltage  VDC  of  the  DC  converting  circuit 
1  1  A.  The  oscillating  output  of  the  above  oscillating  cir- 
cuit  IC1  is  supplied  through  a  driving  circuit  including 
transistors  Q4-Q6  to  the  drive  terminal  "a"  of  the  MOS 
transistor  Q1.  In  this  driving  circuit  including  the  tran- 
sistors  Q4-Q6,  the  first  and  second  open  emitter  ter- 
minals  (9th  and  10th  pins)  are  connected  to  the 
ground  level,  and  the  first  and  second  open  collector 
terminals  (8th  and  11th  pins)  are  connected  to  the 
base  of  the  transistor  Q4.  When  the  first  and  second 
open  collector  terminals  are  in  non-conducting  state 
with  the  first  and  second  open  emitter  terminals,  a 
bias  voltage  obtained  by,  dividing  the  control  source 
voltage  Vcc  by  resistors  R15  and  R16  is  applied  to  the 
base  of  the  transistor  Q4.  When  the  first  and  second 
open  collector  terminals  are  in  conduction  with  the 
first  and  second  open  emitter  terminals,  on  the  other 
hand,  the  base  of  the  transistor  Q4  is  pulled  down  to 
the  ground  level  and  the  transistor  Q4  is  turned  off. 
The  emitter  of  the  transistor  Q4  is  connected  to  the 
ground  level,  while  its  collector  is  connected  through 
a  resistor  R1  7  to  the  level  of  the  control  power  source 
voltage  Vcc  and  to  the  base  of  each  of  the  transistors 
Q5  and  Q6.  When  the  transistor  Q4  is  turned  on, 
therefore,  the  transistors  Q5  and  Q6  are  lowered  in 
the  base  potential  but,  when  the  transistor  Q4  is 
turned  off,  they  are  raised  in  the  base  potential.  The 
collector  of  the  transistor  Q5  is  connected  to  the  level 
of  the  control  source  voltage  Vcc,  while  the  collector 
of  the  transistor  Q6  is  connected  to  the  ground  level. 
The  transistors  Q5  and  Q6  are  connected  at  their 
emitter  through  a  parallel  circuit  of  a  resistor  R18  and 
a  diode  D4  to  the  drive  terminal  "a"  of  the  MOS  tran- 
sistor  Q1  ,  and  this  terminal  is  connected  to  the  ground 
level.  The  transistor  Q5  is  of  NPN  type  while  the  tran- 
sistor  Q6  is  of  PNP  type  and,  when  their  base  poten- 
tial  is  elevated,  the  transistor  Q5  is  turned  on  while 
the  transistor  Q6  is  turned  off,  upon  which  a  current 
is  made  to  flow  from  the  control  power  source  voltage 
Vcc  through  the  transistor  Q5  and  resistors  R18  and 
R32,  and  a  voltage  is  generated  across  the  resistor 
R32.  This  generated  voltage  is  applied  to  the  drive  ter- 
minal  "a"  of  the  MOS  transistor  Q1,  the  potential 
across  the  gate  and  source  of  the  transistor  Q1  is 
thereby  elevated,  and  the  transistor  Q1  is  turned  on. 
As  the  transistor  Q4  turns  on  to  lower  the  base  poten- 
tial  of  the  transistors  Q5  and  Q6,  the  transistor  Q5  is 
turned  off,  upon  which  the  accumulated  charge 
across  the  gate  and  source  of  the  MOS  transistor  Q1 
is  discharged  through  the  diode  D4,  across  the  emit- 
ter  and  base  of  the  transistor  Q6  and  across  the  col- 

lector  and  emitter  of  the  transistor  Q4  to  cause  a  base 
current  to  flow  through  the  transistor  Q6,  whereby  the 
transistor  Q6  is  made  conductive  across  the  emitter 
and  collector,  and  the  accumulated  charge  across  the 

5  gate  and  source  of  the  MOS  transistor  Q1  is  rapidly 
discharged,  whereby  a  driving  circuit  of  the  MOS  tran- 
sistor  Q1  is  formed. 

The  inverter  control  circuit  section  includes  an 
oscillating  circuit  IC3  for  which  a  controlling  IC 

10  (nPC494C  by  NEC)  for  the  switching  regulator  may  be 
employed,  and  respective  terminals  of  this  IC  are  sub- 
stantially  of  the  same  function  as  in  the  foregoing  os- 
cillating  circuit  IC1.  In  the  present  oscillating  circuit 
IC3,  the  non-inverting  input  terminals  (1st  and  16th 

15  pins)  and  inverting  input  terminals  (2nd  and  1  5th  pins) 
for  the  pulse  width  controlling  are  not  used,  and  the 
former  terminals  are  pulled  down  to  the  ground  level 
while  the  latter  terminals  are  pulled  up  to  the  level  of 
the  reference  voltage  Vref  obtained  at  a  reference  vol- 

20  tage  output  terminal  (14th  pin).  The  reference  voltage 
Vref  is  applied  to  an  output  control  terminal  (13th  pin) 
so  that  the  oscillating  circuit  IC3  will  perform  a  push- 
pull  operation,  and  a  divided  voltage  of  the  reference 
voltage  Vref  by  a  resistor  R25  and  variable  resistor 

25  VR3  is  applied  to  a  dead-off  time  control  terminal  (4th 
pin)  to  have  a  dead-off  time  to  be  set.  A  capacitor  ter- 
minal  (5th  pin)  is  connected  through  a  capacitor  C19 
to  the  ground  level,  and  a  resistor  terminal  (6th  pin) 
is  also  connected  to  the  ground  level  but  through  a  re- 

30  sistor  R24  and  variable  resistor  VR4.  Oscillating  fre- 
quency  of  the  oscillating  circuit  IC3  is  determined  by 
a  time  constant  of  the  capacitor  C1  9,  resistor  R24  and 
variable  resistor  VR4.  To  this  variable  resistor  VR4,  a 
capacitor  C1  8  is  connected  in  parallel  thereto,  so  that 

35  the  oscillating  frequency  of  the  oscillating  circuit  IC3 
will  be  varied  gradually  even  when  the  resistance  val- 
ue  of  the  variable  resistor  VR4  is  rapidly  varied.  Be- 
tween  a  source  terminal  (12th  pin)  and  a  ground  ter- 
minal  (7th  pin),  the  control  power  source  voltage  Vcc 

40  is  applied.  First  and  second  open  emitter  terminals 
(9th  and  10th  pins)  are  connected  to  the  ground  level, 
and  first  and  second  open  collector  terminals  (8th  and 
11th  pins)  are  pulled  up  respectively  through  resistors 
R26  and  R27  to  the  level  of  the  control  power  source 

45  voltage  Vcc  and  are  connected  to  input  ends  of  first 
and  second  inverting  buffers  G1  and  G2.  When  the 
first  open  collector  terminal  (8th  pin)  is  conducted 
with  the  first  open  emitter  terminal  (9th  pin),  the  first 
open  collector  terminal  (8th  pin)  is  made  at  "L"  level, 

so  and  the  first  inverting  buffer  G1  provides  an  "H"  level 
output.  As  the  first  open  collector  terminal  (8th  pin) 
comes  to  non-conducting  state  with  the  first  open 
emitter  terminal  (9th  pin),  the  first  open  collector  ter- 
minal  (8th  pin)  is  pulled  up  through  the  resistor  R26 

55  to  the  level  of  the  control  power  source  voltage  Vcc  to 
be  at  "H"  level,  and  the  output  of  the  first  inverting  buf- 
fer  G1  will  be  at  "L"  level.  Similarly,  when  the  second 
open  collector  terminal  (11th  pin)  is  in  conducting 

8 
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state  with  the  second  open  emitter  terminal  (10th  pin), 
the  output  of  the  second  inverting  buffer  G2  will  be  at 
"H"  level  but,  when  they  are  in  non-conducting  state, 
the  output  of  the  second  inverting  buffer  G2  will  be  at 
"L"  level. 

Further,  the  inverter  control  circuit  section  in- 
cludes  a  driver  circuit  IC4  for  which  a  high  speed,  high 
withstand  voltage  bridge  driver  IC  ("IR2110"  by  a  U.S. 
manufacturer  IR)  may  be  employed.  In  the  present  in- 
stance,  input  terminals  (12th  and  10th  pins)  are  con- 
nected  to  output  ends  of  the  inverting  buffer  G1  and 
G2,  respectively,  and  drive  signals  are  provided  to 
output  terminals  (1st  and  7th  pins)  with  the  same  wa- 
veform  and  a  dielectric  strength  of  500V.  One  of  these 
outputs  obtained  at  the  first  output  terminal  (1st  pin) 
is  supplied  to  the  drive  terminal  "e"  of  the  MOS  tran- 
sistor  Q3  on  the  lower  potential  side  through  an  in- 
verting  buffer  G3  and  inverting  buffer  group  BF1.  To 
the  terminal  "d"  of  the  MOS  transistor  Q2,  a  high  po- 
tential  side  terminal  (5th  pin)  of  a  driver  circuit  IC4  is 
connected.  The  other  output  obtained  at  the  second 
output  terminal  (7th  pin)  is  supplied  through  an  invert- 
ing  Schmitt  gate  G5  and  inverting  buffer  group  BF2 
to  the  drive  terminal  "c"  of  the  MOS  transistor  Q2  on 
the  higher  potential  side.  Acircuit  made  by  a  diode  D5, 
resistor  R28  and  capacitor  C20  is  forming  a  so-called 
boost  lap  circuit,  which  supplies  a  source  voltage  for 
the  drive  signal  on  the  high  potential  drive  signal  ob- 
tained  at  the  second  output  terminal  (7th  pin).  This 
source  voltage  obtained  through  the  capacitor  C20  is 
restricted  by  a  Zener  diode  ZD2  to  a  constant  voltage. 
When  the  voltage  at  the  capacitor  C20  is  lower  than 
a  predetermined  level,  an  output  of  a  Schmitt  buffer 
G4  will  be  at  "L"  level  and  the  signal  is  blocked  for 
passing  through  the  inverting  Schmitt  gate  G5.  As  the 
voltage  at  the  capacitor  C20  is  elevated  and  a  voltage 
above  a  threshold  level  is  input  to  the  Schmitt  buffer 
G4  by  means  of  a  constant  voltage  circuit  comprising 
a  resistor  R29  and  Zener  diode  ZD3,  the  output  of  the 
Schmitt  buffer  G4  is  made  to  be  at  "H"  level,  and  the 
signal  is  allowed  to  pass  through  the  inverting  Schmitt 
gate  G4. 

In  the  discharge  lamp  lighting  device  according  to 
the  embodiment  of  the  present  invention  and  includ- 
ing  the  foregoing  dimmer  control  means  12,  the  op- 
erating  frequency  of  the  high  frequency  converting 
circuit  11  B  can  be  varied  by  varying  the  value  of  the 
variable  resistor  VR4,  and  a  so-called  frequency  dim- 
ming  is  made  possible.  In  this  case,  the  operating  fre- 
quency  of  the  high  frequency  converting  circuit  11  B 
made  to  vary  in  a  range  higher  than  the  natural  oscil- 
lation  frequency  of  the  load  circuit  will  cause  a  lagging 
current  to  flow  through  the  load  circuit,  so  that  the 
switching  operation  of  the  MOS  transistors  Q2  and 
Q3  can  be  stably  carried  out.  More  concretely,  the  op- 
erating  frequency  of  the  high  frequency  converting 
circuit  1  1  B  is  gradually  separated  from  the  natural  os- 
cillation  frequency  of  the  load  circuit  by  gradually  re- 

ducing  the  value  of  the  variable  resistor  VR4  so  as  to 
gradually  weaken  the  resonating  action  of  the  reso- 
nance  circuit  11c,  and  the  dimming  of  the  discharge 
lamp  10  can  be  achieved.  Since  the  value  of  the  va- 

5  riable  resistor  VR4  can  be  sequentially  varied,  the 
dimming  of  the  discharge  lamp  is  made  sequentially 
achievable. 

The  high-frequency  operation  of  the  foregoing 
circuit  is  shown  in  FIGS.  5(a)  and  5(b),  the  former  be- 

10  ing  of  a  state  in  which  the  discharge  lamp  10  is  in  its 
full  lighting,  while  the  latter  being  of  a  state  in  which 
the  discharge  lamp  10  is  in  the  dimming  lighting.  As 
will  be  clear  from  the  drawings,  the  oscillating  fre- 
quency  is  raised  by  reducing  the  value  of  the  variable 

15  resistor  VR4,  a  resonance  current  lCH2  flowing 
through  the  inductor  CH2  is  made  smaller  and  the 
lamp  current  lLa  is  reduced.  At  the  same  time,  the  ratio 
of  DC  bias  component  occupying  in  the  lamp  voltage 
VLa  is  increased.  As  will  be  clear  from  FIG.  6  showing 

20  a  low  frequency  operation  of  the  foregoing  circuit,  the 
value  of  the  variable  resistor  VR4  made  smaller  ren- 
ders  the  ratio  of  the  DC  bias  component  in  the  lamp 
voltage  VLa  to  be  increased.  Voltage  waveforms  and 
current  waveforms  are  all  made  to  be  positive  in  the 

25  direction  shown  by  respective  arrows  in  FIG.  4. 
With  respect  to  the  discharge  lamp  lighting  de- 

vice  of  the  foregoing  embodiment,  tests  have  been 
carried  out  as  applied  to  such  various  types  of  the  dis- 
charge  lamps  as  an  outer  surface  conductor  coating, 

30  an  inner  surface  conductor  coating,  and  a  PS  (a  sort 
of  the  inner  surface  conductor  coating  with  kripton 
sealed  in  discharge  lamp  tube  for  energy  saving  pur- 
pose),  and  results  approximating  to  those  shown  in 
FIG.  35  have  been  obtained,  according  to  which  it  has 

35  been  found  that  a  stably  controlled  dimming  can  be 
attained  by  the  device  in  the  respective  types  of  the 
lamp  even  to  such  a  low  light  flux  level  as  less  than 
0.5%  in  the  relative  illumination  ratio.  In  addition  to 
that  the  intended  object  of  the  invention  can  be  at- 

40  tained  by  the  foregoing  circuit  arrangement,  the  DC 
voltage  value  applied  to  the  discharge  lamp  10  can  be 
optionally  set  so  that  the  voltage  value  can  be  set  to 
be  relatively  so  low  as  to  be  about  40V,  for  example, 
and  the  voltage  value  across  the  lamp  and  socket  be- 

45  fore  mounting  of  the  lamp  can  be  restrained  to  be  low, 
so  as  to  be  advantageous  in  the  safety.  Upon  starting 
the  discharge  lamp  10,  further,  the  DC  voltage  from 
the  DE  power  supplying  means  13  is  superposed  on 
such  high  frequency  voltage  as  in  FIG.  7(a)  by  means 

so  of  a  resonance  circuit  23  so  that  the  peak  of  the  vol- 
tage  applied  to  the  discharge  lamp  1  0  will  become  so 
high  as  shown  in  FIG.  7(b),  and  it  is  also  possible  to 
improve  the  startability. 

While  in  the  foregoing  embodiment  the  frequency 
55  dimming  has  been  employed  as  a  dimming  means, 

such  other  dimming  system  as  a  duty  control  or  the 
like  may  also  be  employed.  For  the  high  frequency 
converting  circuit  11  B,  a  so-called  half  bridge  inverter 

9 
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system  has  been  disclosed  to  be  employed,  but  a  sin- 
gle  element  inverter  system  or  a  full  bridge  inverter 
system  may  also  be  utilized.  While  an  inductor  has 
been  employed  as  the  impedance  element  13B,  such 
other  impedance  element  as  a  resistor  or  the  like  may 
be  employed,  and  the  preheating  transformer  T1 
used  in  the  preheating  circuit  13D  may  also  be  re- 
placed  by  a  capacitor  preheating  by  means  of  a  res- 
onant  capacitor. 

Referring  now  to  FIG.  8  showing  another  con- 
crete  working  aspect  of  the  discharge  lamp  lighting 
device  of  FIG.  1  ,  a  single  DC  converting  circuit  21  A  is 
disposed  for  common  use  in  contrast  to  the  two  DC 
converting  circuits  11  A  and  13A  in  the  foregoing  as- 
pect  of  FIG.  3,  that  is,  the  arrangement  is  so  made 
here  that  the  DC  voltage  from  the  DC  converting  cir- 
cuit  21A  is  applied  to  the  discharge  lamp  10  through 
a  DC  power  supplying  means  23  including  an  impe- 
dance  element  23B  and  diode  23C  as  superposed  on 
a  high  frequency  power.  In  the  present  instance,  by 
the  way,  it  is  possible  to  omit  the  diode  23C  inserted 
in  series  between  the  discharge  lamp  10  and  the  im- 
pedance  element  23B  in  an  event  where  the  DC  vol- 
tage  is  higher  than  the  lamp  voltage  or  the  impedance 
of  the  impedance  element  23B  is  made  so  large  as  to 
be  100K,  for  example,  so  that  the  runaround  of  the 
high  frequency  power  with  respect  to  the  DC  power 
may  be  deemed  less.  In  the  present  aspect,  the  same 
constituents  as  in  FIG.  3  are  denoted  by  the  same  ref- 
erence  numerals  but  added  by  10  as  those  in  FIG.  3, 
and  other  arrangements  and  functions  are  substan- 
tially  the  same  as  those  in  the  case  of  FIG.  3. 

According  to  another  remarkable  feature  of  the 
present  invention,  there  is  provided  a  discharge  lamp 
lighting  device  in  which  the  power  source  of  the  DC 
power  supplying  means  can  be  of  a  variable  value. 
Referring  to  FIG.  9,  there  is  shown  a  main  part  of  a  dis- 
charge  lamp  lighting  device  for  working  the  particular 
feature,  in  which  a  high  frequency  voltage  obtainable 
by  the  preheating  transformer  T1  in  the  preheating 
circuit  31  D  is  supplied  through  a  saturable  reactor 
VCH1  to  a  rectifying  diode  D3.  The  saturable  reactor 
VCH1  is  controlled  by  the  dimmer  control  means  12 
so  set  an  optional  inductance,  whereby  the  supplied 
powerf  rom  the  high  frequency  source  to  a  smoothing 
capacitor  C9  is  controlled,  and  the  source  voltage  of 
the  DC  power  supplying  means  33  is  to  be  set  at  an 
optionally  predetermined  level.  In  this  case,  the 
source  voltage  level  can  be  set  in  correspondence  to 
the  optical  output  of  the  discharge  lamp  1  0,  a  dimming 
level  setting  signal  or  the  like.  In  the  arrangement  of 
FIG.  9,  the  same  elements  as  those  in  FIG.  3  are  de- 
noted  by  the  same  reference  numerals  added  by  20 
also  as  those  in  FIG.  3,  and  all  other  arrangements 
and  functions  are  also  substantially  the  same  as 
those  in  FIG.  3. 

According  to  still  another  feature  of  the  present 
invention,  there  is  suggested  a  discharge  lamp  light- 

ing  device  in  which  the  DC  power  is  supplied  to  the 
discharge  lamp  10  as  superposed  on  the  high  fre- 
quency  power  only  at  a  dimming  level  where  the  flick- 
er-off  of  the  discharge  lamp  10  is  likely  to  occur,  so 

5  that  a  risk  of  cataphoresis  or  a  deterioration  of  lamp 
life  which  occurring  when  the  DC  power  is  always 
supplied  as  superposed  to  the  discharge  lamp  10  can 
be  avoided.  Referring  more  in  detail  to  the  discharge 
lamp  lighting  device  for  working  this  feature  with  ref- 

10  erence  to  FIG.  10,  this  device  is  provided  with  a  lamp 
current  detecting  circuit  43  as  a  means  for  detecting 
the  relative  illumination  ratio.  In  the  present  instance, 
a  current  transformer  is  inserted  in  series  in  the  lamp 
current  path,  and  the  lamp  current  detecting  circuit 

15  43D  is  connected  to  this  transformer  for  detecting  the 
lamp  current.  When  the  thus  detected  lamp  current  is 
large,  a  switching  control  circuit  43E  connected  to  the 
lamp  current  detecting  circuit  43D  is  driven  and  a 
switching  circuit  43F  inserted  in  series  between  the 

20  discharge  lamp  10  and  the  series  circuit  of  impedance 
element  43B  and  diode  43C  is  thereby  turned  off, 
whereby  the  superposed  supply  of  the  DC  power  to 
the  discharge  lamp  10  is  ceased  in  the  event  when  the 
lamp  current  fed  to  the  discharge  lamp  10  is  above  a 

25  predetermined  level,  that  is,  upon  the  dimming  at  the 
level  not  causing  the  flicker-off  of  the  discharge  lamp 
10.  With  this  arrangement  of  the  present  embodi- 
ment,  further,  it  is  made  possible  to  reliably  stop  any 
application  of  the  DC  voltage  to  the  lamp  socket  in  no 

30  load  state  (with  the  discharge  lamp  not  mounted)  for 
sufficiently  improving  the  device  in  the  safety. 

As  the  means  for  detecting  the  relative  illumina- 
tion  ratio,  other  than  the  foregoing  lamp  current  de- 
tecting  circuit,  it  is  also  possible  to  detect,  for  exam- 

35  pie,  resonance  current  lCH2  flowing  through  the  induc- 
tor  CH2  in  FIG.  4.  Further,  the  driving  signal  to  the 
switching  control  circuit  43  may  be  made  obtainable 
by  means  of  a  dimming  level  setting  signal  as  shown 
in  FIG.  10. 

40  In  the  embodiment  of  FIG.  10,  the  same  constit- 
uents  as  those  in  FIG.  3  are  denoted  by  the  same  ref- 
erence  numerals  but  added  by  30  as  those  in  FIG.  3, 
and  other  arrangements  and  functions  are  substan- 
tially  the  same  as  those  in  FIG.  3. 

45  In  FIG.  11,  another  working  aspect  of  the  device 
of  FIG.  10  is  shown,  in  which  the  impedance  element 
43B,  diode  43C  and  switching  circuit  43F  in  FIG.  10 
are  provided  as  divided  respectively  into  first  and  sec- 
ond  impedance  elements  53B1  and  53B2,  first  and 

so  second  diodes  53C1  and  53C2  and  first  and  second 
switching  circuits  53F1  and  53F2.  In  the  present  in- 
stance,  it  may  also  be  possible  to  provide  the  switch- 
ing  circuit  for  the  DC  current  superposed  to  be  more 
than  three  to  be  53F1,  53F2,  ...  53Fn  connected  in 

55  parallel,  so  that  the  dimming  level  at  which  the  re- 
spective  switching  circuits  are  turned  on  or  off  may  be 
separately  set  so  as  to  allow  the  DC  power  of  an  op- 
timum  value  in  accordance  with  the  dimming  level  to 
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be  superposed  on  the  lamp  current  and  the  dimming 
to  be  properly  realized.  While  in  the  aspect  of  FIG.  11 
the  arrangement  is  so  made  that  the  lamp  current  is 
detected  by  the  lamp  current  detecting  circuit  53D, 
that  the  switching  circuits  53F1  and  53F2  are  control- 
led  through  the  switching  control  circuit  53E,  and  that 
the  proper  DC  current  responsive  to  the  dimming  level 
is  superposed  on  the  lamp  current,  it  may  be  also  pos- 
sible  to  modify  the  arrangement  for  providing  a  con- 
trol  signal  from  the  dimmer  control  means  52  to  the 
switching  circuits  53F1  and  53F2  or,  as  has  been  de- 
scribed  with  reference  to  the  embodiment  of  FIG.  10, 
for  controlling  the  switching  circuits  53F1  and  53F2  by 
the  optimum  dimming  level  setting  signal. 

In  the  working  aspects  of  FIGS.  10  and  11,  on  the 
other  hand,  it  is  preferable  to  provide  to  the  on  or  off 
operation  of  the  respective  switching  circuits  53F1 
and  53F2  a  hysteresis  characteristic  with  respect  to 
the  dimming  level  so  that,  even  when  the  discharge 
lamp  1  0  is  likely  to  cause  a  flicker  to  occur  upon  rep- 
etition  of  the  switching  operation  due  to  a  difference 
in  the  optical  output  of  the  discharge  lamp  10  at  the 
time  of  turning  on  or  off  of  the  respective  switching 
circuits  53F1  and  53F2,  the  flicker  can  be  avoided  by 
the  hysteresis  characteristic. 

In  the  working  aspect  of  FIG.  11,  the  same  con- 
stituents  as  in  FIG.  3  are  denoted  by  the  same  refer- 
ence  numerals  but  added  by  40  as  those  in  FIG.  3, 
and  other  arrangements  and  functions  are  substan- 
tially  the  same  as  those  in  FIG.  3. 

According  to  still  another  feature  of  the  present 
invention,  there  is  suggested  a  discharge  lamp  light- 
ing  device  in  which  any  stress  imposed  to  the  switch- 
ing  element  included  in  the  switching  circuit  can  be  ef- 
fectively  reduced.  While  in  the  foregoing  device  of,  for 
example,  FIGS.  10  and  11  there  has  been  a  problem 
that  the  switching  element  in  the  switching  circuit  is 
required  to  be  durable  to  such  high  voltage  as  the 
starting  voltage,  this  problem  can  be  overcome  by  the 
device  working  the  present  feature.  Referring  in  detail 
to  this  device  with  reference  to  FIG.  12,  as  will  be  clear 
when  compared  with  the  embodiment  of  FIG.  1  ,  a  par- 
allel  circuit  of  a  DC  power  controlling  switching  means 
SW1  for  controlling  the  DC  power  to  the  discharge 
lamp  10  and  an  overcurrent  preventing  switching 
means  SW2  made  conductive  upon  starting  of  the 
discharge  lamp  10  is  connected  between  the  second 
impedance  element  Z2  and  the  DC  power  source  64, 
while  these  switching  means  may  be  replaced  by  a 
common  switching  element  provided  that  it  achieves 
the  both  functions. 

For  the  overcurrent  preventive  switching  means 
SW2,  such  passive  overvoltage  preventing  element 
as  Zener  diode,  avaranche  diode,  surge  absorber  or 
the  like  may  be  employed.  This  passive  overvoltage 
preventing  element  may  be  of  a  breakdown  voltage 
which  is  below  the  lamp  starting  voltage  and  above 
the  lamp  lighting  voltage,  and  no  separate  control  cir- 

cuit  for  this  element  is  required  to  be  provided. 
In  the  device  of  FIG.  12,  the  same  constituents 

as  those  in  FIG.  1  are  denoted  by  the  same  reference 
numerals  but  added  by  50  as  those  in  FIG.  1  ,  and 

5  other  arrangements  and  functions  are  substantially 
the  same  as  those  in  FIG.  1. 

The  device  in  the  embodiment  of  FIG.  12  shall  be 
further  detailed  with  reference  to  FIG.  13  showing  a 
main  circuit  of  the  device  of  FIG.  12  in  which  the  same 

10  constituents  as  those  in  FIG.  4  of  the  main  circuit  of 
the  device  of  FIG.  1  are  denoted  by  the  same  refer- 
ence  numerals.  In  the  present  instance,  the  commer- 
cial  AC  power  source  Vs  is  connected  to  AC  input  ter- 
minals  of  a  diode  bridge  DB1  across  DC  output  termi- 

15  nals  of  which  a  capacitor  C21  is  connected.  A  series 
circuit  of  MOS  transistors  Q2  and  Q3  is  connected  to 
both  ends  of  the  capacitor  C21  to  be  in  parallel  there- 
to.  A  capacitor  C22  and  a  primary  winding  of  a  high 
frequency  transformer  T4  are  connected  in  series 

20  through  a  DC  component  cutting  capacitor  C23  to  the 
drain  of  the  MOS  transistor  Q3,  to  which  drain  a 
source  side  terminal  of  a  filament  in  the  discharge 
lamp  10  is  also  connected  through  a  primary  winding 
of  an  inductor  T5.  Across  non-source  side  terminals 

25  of  the  both  filaments  of  the  discharge  lamp  1  0,  a  res- 
onating  and  preheat  current  passing  capacitor  C24  is 
connected  in  parallel  thereto.  A  secondary  winding 
output  of  the  high  frequency  transformer  T4  is  recti- 
fied  by  a  diode  D3  and  smoothed  by  a  capacitor  C9, 

30  and  a  DC  voltage  is  obtained.  This  capacitor  C9  is 
connected  at  an  end  through  a  choke  coil  CH3  to  one 
of  the  non-source  side  ends  of  the  filaments  of  the 
lamp  10  and  at  the  other  end  through  a  diode  D2  and 
a  parallel  circuit  of  MOS  transistors  Q7  and  Q8  to  the 

35  other  source  side  end  of  the  otherf  ilament  of  the  lamp 
10.  The  choke  coil  CH3  is  for  blocking  any  high  fre- 
quency  so  that  the  high  frequency  voltage  applied  to 
the  discharge  lamp  10  is  prevented  from  leaking  to 
the  capacitor  C9.  The  inductor  T5  forms  in  combina- 

40  tion  with  the  capacitor  C24  and  LC  series  resonance 
circuit,  which  is  to  start  and  light  the  discharge  lamp 
10  by  means  of  a  resonance  voltage  generated 
across  the  capacitor  C24.  The  capacitors  C22  and 
C23  are  for  cutting  the  DC  component  and  are  made 

45  larger  in  the  capacity  than  the  capacitor  C24  enough 
for  not  being  contributive  to  the  resonance.  Asecond- 
ary  winding  of  the  inductor  T5  is  connected  to  AC  in- 
put  terminals  of  a  further  diode  bridge  DB3  which  is 
connected  at  its  DC  output  terminals  to  a  parallel  cir- 

50  cuit  of  a  capacitor  C25  and  resistor  34,  at  which  output 
terminals  a  voltage  Vch  corresponding  to  the  reso- 
nance  current,  and  this  voltage  Vch  is  supplied 
through  a  terminal  "g"  to  the  control  circuit. 

The  commercial  AC  power  source  Vs  is  also  con- 
55  nected  through  a  voltage  dropping  transformer  T2  to 

AC  input  terminals  of  another  diode  bridge  DB2,  to  DC 
output  terminals  of  which  a  parallel  circuit  of  a  capac- 
itor  C1  0  and  Zener  d  iode  ZD1  is  con  nected  .ADC  vol- 
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tage  obtained  at  the  capacitor  C1  0  is  supplied  through 
a  terminal  "f  to  the  control  circuit.  Across  terminals 
"h"  and  "i"  connected  to  the  gate  and  source  of  the 
MOS  transistor  Q2,  a  first  control  signal  is  supplied, 
while  a  second  control  signal  is  supplied  across  a  ter- 
minal  "j"  connected  to  the  gate  of  the  MOS  transistor 
Q3  and  the  ground.  These  first  and  second  control 
signals  are  the  same  as  those  in  the  embodiment  of 
FIGS.  1-4,  and  the  MOS  transistors  Q2  and  Q3  are  to 
carry  out  the  same  inverter  operation  as  in  the  partic- 
ular  embodiment. 

In  the  device  of  the  working  aspect  of  FIG.  13,  a 
third  control  signal  is  supplied  across  a  terminal  "k" 
connected  to  the  gate  of  the  MOS  transistor  Q7  and 
the  ground  so  that  the  MOS  transistor  Q7  will  be 
made  conductive  by  this  third  control  signal  at  the 
time  of  the  low  light  flux  so  as  to  superpose  the  DC 
power  on  the  high  frequency  power  to  the  discharge 
lamp  1  0,  whereby  the  lamp  is  made  not  to  cause  any 
flicker-off  but  to  be  stably  lighted.  Further,  a  fourth 
control  signal  is  supplied  across  a  terminal  "1"  con- 
nected  to  the  gate  of  the  MOS  transistor  Q8  and  the 
ground,  so  that  the  MOS  transistor  Q8  is  made  con- 
ductive  by  this  fourth  control  signal  upon  the  starting 
of  the  discharge  lamp  10  and  the  starting  high  voltage 
can  be  effectively  prevented  from  being  applied  to  the 
MOS  transistor  Q7  upon  the  starting  of  the  lamp. 

References  shall  now  be  made  in  deteil  to  the 
control  circuit  providing  the  first  to  fourth  control  sig- 
nals  to  the  main  circuit  shown  in  FIG.  13,  with  refer- 
ence  to  FIG.  14(a).  To  this  control  circuit,  the  low  DC 
voltage  Vcc  obtained  at  the  capacitor  C1  0  as  a  control 
power  source  is  supplied  through  the  terminal  "f"  as 
the  control  power  source  voltage.  Timer  circuits  IC5 
and  IC6  as  well  as  an  oscillating  circuit  IC7  are  actu- 
ated  by  this  control  power  source  voltage  Vcc.  The 
timer  circuit  IC5  comprises  a  generally  used  integrat- 
ed  circuit  ("NE555"  by  a  U.S.  manufacturer  SIGNET- 
IX),  which  is  triggered  when  a  trigger  terminal  (2nd 
pin)  is  below  (1/3)VCC,  an  output  terminal  (3rd  pin)  is 
made  at  "H"  level  and  a  discharge  terminal  (7th  pin) 
is  made  to  be  of  a  high  impedance.  A  threshold  level 
terminal  (6th  pin)  will  be  at  (2/3)Vcc,  the  output  termi- 
nal  (3rd  pin)  turns  to  be  at  "L"  level,  and  the  discharge 
terminal  (7th  pin)  also  turns  to  "L"  level.  Across  a  pow- 
er  terminal  (8th  pin)  and  ground  terminal  (1st  pin),  the 
control  power  source  voltage  Vcc  is  applied.  A  reset 
terminal  (  4th  pin)  is  connected  to  the  power  source 
terminal  (8th  pin),  while  a  frequency  control  terminal 
(5th  pin)  is  connected  through  a  decoupling  capacitor 
C28  to  the  ground  terminal  (1st  pin).  The  control  pow- 
er  source  voltage  Vcc  is  also  applied  to  a  series  circuit 
of  a  resistor  R37  and  capacitor  C27  for  defining  a  time 
constant  of  the  timer  circuit  IC5.  Junction  point  of  the 
resistor  R37  and  capacitor  C27  is  connected  to  the 
threshold  value  terminal  (6th  pin)  of  the  timer  circuit 
IC5,  and  through  a  resistor  R38  to  the  discharge  ter- 
minal  (7th  pin).  The  timer  circuit  IC5  thus  connected 

is  made  to  operate  as  if  the  same  is  a  monostable 
multivibrator. 

Now,  in  the  main  circuit  of  FIG.  13,  as  the  com- 
mercial  AC  power  source  Vs  is  connected  to  raise  the 

5  control  power  source  voltage  Vcc  applied  at  the  termi- 
nal  "f"  ,  the  capacitor  C26  is  thereby  charged  through 
the  resistor  R35,  whereby  a  current  is  made  to  flow 
momentarily  across  the  base  and  emitter  of  a  transis- 
tor  Q10,  and  this  transistor  Q10  is  turned  on  in  a  mo- 

10  ment,  upon  which  a  potential  at  a  junction  point  be- 
tween  the  resistor  R36  and  the  transistor  Q10  is  mo- 
mentarily  dropped,  the  trigger  terminal  (2nd  pin)  of 
the  timer  circuit  IC5  is  made  at  "L"  level  and  this 
monostable  multivibrator  IC5  is  triggered.  As  a  result, 

15  the  output  terminal  (3rd  pin)  of  IC5  maintains  its  "H" 
level  until  the  threshold  terminal  (6th  pin)  reaches  a 
predetermined  threshold  value  voltage  Vth=(2/3)VCC, 
in  accordance  with  the  time  constant  of  the  capacitor 
C27  and  resistor  R37.  Also,  as  the  voltage  at  the  ca- 

20  pacitor  C27  reaches  the  threshold  voltage  Vth,  the 
output  terminal  (3rd  pin)  comes  to  "L"  level,  the  dis- 
charge  terminal  (7th  pin)  turns  to  "L"  level  as  well,  and 
the  charge  at  the  capacitor  C27  is  discharged  through 
the  resistor  R38.  In  this  case,  the  output  terminal  (3rd 

25  pin)  is  made  at  "H"  level  for  about  1sec.  depeding  on 
the  set  time  constant  of  the  capacitor  C27  and  resistor 
R37. 

When  the  output  terminal  (3rd  pin)  of  the  timer  cir- 
cuit  IC5  is  at  "H"  level,  a  base  current  is  made  to  flow 

30  through  resistors  R39  and  R40  to  a  transistor  Q11  to 
turn  it  on.  A  base  current  is  also  made  to  flow  through 
resistors  R39and  R45  to  a  transistor  Q1  4  to  turn  it  on. 
As  the  output  terminal  (3rd  pin)ofthetimercircuitlC5 
becomes  "L"  level,  the  both  transistors  Q11  and  Q14 

35  are  turned  off. 
The  timer  IC6  also  comprises  such  integrated  cir- 

cuit  as  the  "NE555"  of  the  SIGNETIX,  and  the  control 
power  source  voltage  Vcc  is  applied  across  a  power 
source  terminal  (8th  pin)  and  ground  terminal  (1st 

40  pin).  A  reset  terminal  (4th  pin)  is  connected  to  the 
power  source  terminal  (8th  pin),  and  a  frequency  con- 
trol  terminal  (5th  pin)  is  connected  through  a  decou- 
pling  capacitor  C33  to  the  ground  terminal  (1st  pin). 
To  a  series  circuit  of  resistor  R48  and  capacitor  C32 

45  forming  the  time  constant  circuit  of  the  timer  circuit 
IC6,  the  control  power  source  voltage  Vcc  is  applied. 
Junction  point  of  the  resistor  R48  and  capacitor  C32 
is  connected  to  a  threshold  value  terminal  (6th  pin) 
and  a  discharge  terminal  (7th  pin),  so  that  the  timer 

so  circuit  IC6  will  operate  as  the  monostable  multivibra- 
tor. 

As  the  timer  operation  of  the  timer  circuit  IC5  ter- 
minates  the  foregoing  operation  and  output  terminal 
(3rd  pin)  turns  from  "H"  level  to  "L"  level,  then  the 

55  transistor  Q14  turns  from  on  state  to  off  state,  where- 
by  the  collector  potential  of  the  transistor  Q14  rises, 
the  capacitor  C34  is  thereby  charged  through  a  resis- 
tor  R46,  and  a  current  is  caused  to  momentarily  flow 
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across  the  base  and  emitter  of  a  transistor  Q1  5  to  turn 
this  transistor  Q1  5  to  be  on  for  a  moment.  Due  to  this, 
the  potential  at  junction  point  of  a  resistor  R47  and  the 
transistor  Q15  is  momentarily  lowered,  trigger  termi- 
nal  (2nd  pin)  of  the  timercircuit  IC6  is  made  at  "L"  level 
and  this  circuit  is  triggered  as  a  monostable  multivi- 
brator.  Thereafter,  the  output  terminal  (3rd  pin)  retains 
its  "H"  level  until  the  threshold  terminal  (6th  pin) 
reaches  a  predetermined  threshold  voltage 
Vth=(2/3)VCC  with  the  time  constant  of  the  capacitor 
C32  and  resistor  R48.  As  the  voltage  of  the  capacitor 
C32  reaches  the  threshold  voltage  Vth,  the  output  ter- 
minal  (3rd  pin)  is  made  at  "L"  level,  and  a  charge  in 
the  capacitor  C32  is  discharged.  In  the  present  in- 
stance,  the  output  terminal  (3rd  pin)  of  the  timercircuit 
IC6  is  at  "H"  level  for  several  hundred  usee,  depend- 
ing  on  the  time  constant  of  the  capacitor  C32  and  re- 
sistor  R48. 

When  the  output  terminal  (3rd  pin)  of  the  timercir- 
cuit  IC6  is  at  "H"  level,  a  current  is  caused  to  flow 
through  resistors  R49  and  R51  across  the  base  and 
emitter  of  a  transistor  Q16  to  turn  it  on,  whereby  the 
potential  at  junction  point  of  resistors  R50  and  R53  is 
caused  to  drop,  and  a  transistor  Q1  7  is  turned  off.  As 
the  output  terminal  (3rd  pin)  of  the  timer  circuit  IC6 
comes  to  be  at  "L"  level,  the  transistor  Q16  is  made 
off,  the  potential  at  the  junction  between  the  resistors 
R50  and  R53  is  raised,  and  the  transistor  Q17  is 
turned  on. 

For  the  oscillating  circuit  IC7,  the  same  control- 
ling  IC  for  use  as  the  switching  regulator  as  that  in  the 
embodiment  shown  in  FIGS.  1-4  (for  example, 
"nPC494"  by  NEC)  may  be  employed.  In  the  present 
instance,  the  dead-off  time  can  be  set  by  dividing  the 
level  of  the  reference  voltage  Vref  by  means  of  a  re- 
sistor  R56  and  variable  resistor  VR10  and  inputting 
the  divided  voltage  to  a  dead-off  time  control  terminal 
(4th  pin)  of  the  oscillating  circuit  IC7.  Non-inverting  in- 
put  terminals  (1st  and  6th  pins)  and  inverting  input  ter- 
minals  (2nd  and  15th  pins)  of  the  circuit  IC7  are  input 
terminals  for  a  pulse  width  controlling  comparator 
and,  when  the  pulse  width  control  is  not  carried  out, 
the  circuit  operates  to  pull  down  the  former  terminals 
to  the  ground  level  and  to  pull  up  the  latter  terminals 
to  the  level  of  the  reference  voltage  Vref.  Its  feedback 
terminal  (3rd  pin)  is  a  feedback  input  terminal  for  the 
pulse  width  control  and  is  opened  when  not  used. 
Here,  an  output  control  terminal  (13th  pin)  is  subject- 
ed  to  a  push-pull  operation  with  respect  to  the  level  of 
the  reference  voltage  Vref  at  reference  voltage  output 
terminal  (14th  pin),  and  the  control  signals  for  the 
MOS  transistors  Q2  and  Q3  are  made  by  grounding 
open-emitter  terminals  (9th  and  10th  pins)  and  sub- 
jecting  oscillation  outputs  obtained  at  respective 
open-connector  terminals  (8th  and  11th  pins)  to  an  in- 
vertion  and  wave-shaping  respectively  by  means  of 
pull-up  resistors  R42  and  R43  and  NOT  circuits  G6 
and  G9.  An  output  of  the  NOT  circuit  G6  is  provided 

as  the  second  control  signal  in  the  main  circuit 
through  the  terminal  "j"  to  the  gate  of  the  MOS  tran- 
sistor  Q3,  while  an  output  of  the  other  NOT  circuit  G9 
is  insulated  by  means  of  a  resistor  R44  and  a  drive  cir- 

5  cuit  comprising  transistors  Q12  and  Q1  3,  coupling  ca- 
pacitor  C31  and  pulse  transformer  T10,  and  is  provid- 
ed  as  the  first  control  signal  in  the  main  circuit  through 
the  terminals  "h"  and  "i"  to  the  gate  and  source  of  the 
MOS  transistor  Q2. 

10  As  will  be  seen  in  FIG.  14(b),  a  reference  voltage 
divided  by  resistors  R54  and  R55  out  of  the  control 
power  source  voltage  Vcc  is  applied  to  an  inverted  in- 
put  terminal  of  such  comparator  IC8  as  shown  herein, 
while  the  voltage  Vch  corresponding  to  the  resonance 

15  current  detected  at  the  main  circuit  is  applied  to  the 
other  non-inverted  input  terminal.  An  output  of  this 
comparator  IC8  is  inverted  at  a  NOT  circuit  G10  and 
is  supplied  through  the  terminal  "k"  to  the  gate  of  the 
MOS  transistor  Q7  as  the  third  control  signal  in  the 

20  main  circuit.  As  the  discharge  lamp  10  is  dimmed  to 
be  in  the  low  light  flux  state,  the  voltage  Vch  is  lowered 
to  turn  the  output  of  the  comparator  IC8  to  be  at  "L" 
level,  so  that  the  NOT  circuit  G10  provides  an  "H"  lev- 
el  output  to  turn  the  MOS  transistor  Q7  to  be  on. 

25  When  the  discharge  lamp  10  is  not  in  the  low  light  flux 
state,  on  the  other  hand,  the  MOS  transistor  Q7  is  in 
the  off  state.  The  voltage  at  the  output  terminal  (3rd 
pin)  of  the  timer  circuit  IC6  is  subjected  to  a  waveform 
shaping  through  a  buffer  circuit  comprising  NOT  cir- 

30  cuits  G7  and  G8,  and  is  supplied  to  the  gate  of  the 
MOS  transistor  Q8  through  the  terminal  "1"  as  the 
fourth  control  signal  in  the  main  circuit. 

Referring  to  the  operation  of  the  foregoing  ar- 
rangement  of  FIGS.  14(a)  and  14(b)  with  also  refer- 

35  ence  to  FIG.  1  5,  the  timer  circuit  IC5  actuated  by  the 
commercial  AC  source  voltage  Vs  causes  the  transis- 
tor  Q11  turned  on  for  about  1sec,  during  which  a  cur- 
rent  lRT  is  limited  only  by  the  resistor  R41  and  the  os- 
cillating  frequency  f11  of  the  oscillating  circuit  IC7  is 

40  elevated.  The  oscillating  frequency  f11  at  this  time  is 
set  to  be  sufficiently  higher  than  a  resonating  fre- 
quency  upon  no  load  state  of  the  load  circuit,  and  the 
voltage  applied  across  the  discharge  lamp  is  low, 
whereby  the  discharge  lamp  10  is  not  started  and  the 

45  preheat  current  is  fed  to  the  filaments  for  about  1sec. 
As  the  timer  operation  of  the  timer  circuit  IC5  termin- 
ates,  the  transistor  Q11  is  turned  off,  and  thereafter 
the  transistor  Q1  7  is  made  in  off  state  for  several  hun- 
dred  usee,  due  to  which  the  current  lRT  is  limited  by 

so  the  resistor  R41  and  variable  resistor  VR11,  and  the 
oscillating  circuit  IC7  is  made  to  oscillate  at  a  lower 
oscillating  frequency  f12.  A  capacitor  C29  is  connect- 
ed  in  parallel  to  the  variable  resistor  VR11  for  a 
smooth  variation  of  the  oscillating  frequency.  The  os- 

55  cillating  frequency  f12  at  this  time  is  set  to  be  close 
to  the  resonating  frequency  upon  the  no  load  state  of 
the  load  circuit,  so  that  the  voltage  applied  across  the 
discharge  lamp  10  becomes  very  high,  the  discharge 

13 
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lamp  is  thereby  started  to  proceed  the  discharging. 
As  the  timer  operation  of  the  timercircuit  IC6  ter- 

minates,  the  transistor  Q1  7  is  then  turned  on,  and  the 
variable  resistor  VR11  is  connected  at  its  slider  to  a 
ground  point,  due  to  which  the  current  lRT  is  limited  by 
the  resistor  R41  and  a  part  of  the  variable  resistor 
VR11,  and  the  oscillating  circuit  IC7  is  made  to  oscil- 
late  at  an  oscillating  frequency  f13  which  is  optional 
with  a  range  of  f11<f1  3<f12.  By  operating  the  slider  of 
this  variable  resistor  VR1  1  ,  the  oscillating  frequency 
f13  can  be  made  either  high  or  low.  With  the  oscillat- 
ing  frequency  f13  made  higher,  the  resonating  action 
becomes  weaker  to  reduce  the  resonating  current, 
and  the  flux  of  light  generated  by  the  discharge  lamp 
10  is  lowered.  In  this  way,  the  dimming  of  the  dis- 
charge  lamp  10  can  be  realized. 

In  the  foregoing  main  circuit,  the  resonance  cur- 
rent  TT5  flowing  through  the  inductor  T5  is  to  be  de- 
tected  as  the  voltage  Vch  and,  when  this  detected  vol- 
tage  value  becomes  below  a  predetermined  level,  the 
comparator  IC8  provides  an  "L"  level  output  while  the 
NOT  circuit  G10  provides  an  "H"  level  output,  to  ren- 
der  the  MOS  transistor  Q7  to  be  in  ON  state.  Thereby, 
the  DC  power  is  superposed  to  be  supplied  to  the  dis- 
charge  lamp  10,  to  enable  any  flicker-off  at  the  low 
light  flux  state  to  be  prevented  from  occurring,  and  the 
lamp  can  be  stably  lighted.  When  the  discharge  lamp 
1  0  is  not  in  the  low  light  flux  state,  on  the  other  hand, 
the  MOS  transistor  Q7  is  rendered  to  be  in  OFF  state, 
the  flow  of  the  DC  power  is  blocked,  so  that  the  cat- 
aphoresis  phonomenon,  deterioration  in  the  durability 
of  the  lamp  or  the  like  problem  can  be  prevented  from 
occurring.  Further,  the  MOS  transistor  Q8  connected 
in  parallel  with  the  MOS  transistor  Q7  for  the  DC  pow- 
er  control  is  to  be  made  in  ON  state  upon  the  starting 
of  the  discharge  lamp  10,  that  is,  for  the  period  of  sev- 
eral  hundred  usee,  in  which  the  output  terminal  (3rd 
pin)  of  the  timer  circuit  IC6  is  at  "H"  level.  Conse- 
quently,  the  voltage  across  the  MOS  transistor  Q7  is 
made  zero  for  the  period  in  which  the  high  voltage  for 
starting  of  the  discharge  lamp  10  is  applied  to  the 
lamp,  so  that  any  stress  or  the  like  can  be  prevented 
from  being  imposed  due  to  the  overvoltage  applica- 
tion. 

While  in  the  device  of  FIG.  14  the  arrangement 
has  been  made  to  detect  the  resonance  current  as  the 
means  for  detecting  the  discharge  lamp  10,  it  is  like- 
wise  possible  to  arrange  the  device  for  a  detection  of 
the  lamp  current  or  directly  of  the  optical  output.  For 
the  control  of  the  MOS  transistors  Q7  and  Q8,  it  will 
be  also  possible  to  utilize  the  dimming  level  setting 
signal. 

In  FIG.  16,  another  working  aspect  of  the  device 
of  FIG.  13  is  shown,  in  which  the  DC  current  control- 
ling  MOS  transistor  Q7  and  the  overcurrent  prevent- 
ing  MOS  transistor  Q8  in  the  working  aspect  of  FIG. 
14  are  commonly  achieved  by  a  single  transistor 
which  is  denoted  also  by  the  reference  Q7.  In  FIG.  17, 

a  controlling  circuit  therefor  is  shown  in  detail.  More 
specifically,  the  arrangement  is  so  made  here  that  the 
outputs  of  the  NOT  circuits  G8  and  G11  are  input  into 
the  OR  circuit  G11,  and  the  output  of  this  OR  circuit 

5  G11  is  supplied  through  the  terminal  "1"  to  the  gate  of 
the  MOS  transistor  Q7,  so  that  the  other  MOS  tran- 
sistor  Q8  in  the  foregoing  aspect  of  FIG.  14  can  be 
omitted.  That  is,  the  DC  power  controlling  MOS  tran- 
sistor  Q7  in  the  present  instance  is  made  in  ON  state 

10  not  only  upon  the  low  light  flux  but  also  upon  the  start- 
ing  of  the  discharge  lamp  10,  and  the  other  MOS  tran- 
sistor  Q8  is  not  required  to  be  separately  provided  for 
the  overvoltage  prevention  purpose.  In  the  present 
aspect,  other  arrangements  and  functions  are  sub- 

is  stantially  the  same  as  those  in  the  aspect  of  FIG.  14. 
While  in  the  above  working  aspect  of  FIGS.  16 

and  1  7  the  reference  has  been  made  to  the  MOS  tran- 
sistor  to  be  used  forthe  purpose  of  the  DC  power  con- 
trol  or  the  overvoltage  prevention,  it  is  possible  to  em- 

20  ploy,  if  required,  such  other  switching  element  as  a  bi- 
polar  transistor  or  even  a  relay  or  the  like  may  be  com- 
monly  employed. 

In  FIG.  18,  there  is  shown  still  another  working 
aspect  of  the  device  of  FIG.  13.  In  the  present  in- 

25  stance,  a  Zener  diode  ZD10  is  employed  as  the 
switching  element  for  the  high  voltage  prevention  to 
be  connected  in  parallel  to  the  MOS  transistor  Q7  for 
the  DC  power  controlling,  and  this  Zener  diode  ZD10 
has  a  Zener  voltage  set  to  be  lower  than  the  break- 

30  down  voltage  across  the  drain  and  source  of  the  MOS 
transistor  Q7  but  to  be  higher  than  the  voltage  applied 
during  the  lighting.  Therefore,  the  Zener  diode  ZD10 
is  to  be  made  conductive  only  upon  the  starting  of  the 
discharge  lamp  10,  so  that  any  overvoltage  can  be 

35  prevented  from  being  applied  across  the  MOS  tran- 
sistor  Q7.  Further,  with  a  passive  high  voltage  pre- 
venting  element  employed  here,  the  control  circuit 
can  be  simplified  and  economized  in  contrast  to  such 
active  element  as  the  MOS  transistor.  In  place  of  the 

40  foregoing  Zener  diode  ZD10,  itwill  be  also  possible  to 
use  such  surge  absorber  as  ZNR,  orsuch  passive  ele- 
ment  as  avalanche  diode.  Other  arrangements  and 
functions  in  the  present  aspect  are  substantially  the 
same  as  those  in  the  aspect  of  FIG.  14. 

45  According  to  yet  anotherfeature  of  the  present  in- 
vention,  there  is  suggested  a  discharge  lamp  lighting 
device  which  immediately  stops  the  superposed  sup- 
ply  of  DC  power  upon  lighting  off  of  the  discharge 
lamp  10.  Referring  to  FIG.  19  showing  another  work- 

so  ing  aspect  of  the  device  of  FIG.  1  according  to  the 
present  invention,  the  control  power  source  voltage 
Vcc  of  the  capacitor  C1  0  which  is  an  activating  power 
source  for  a  control  means  72  is  lowered  when  a  pow- 
er  source  switch  SWAC  is  opened  in  a  state  where  the 

55  discharge  lamp  10  is  dimming-controlled  in  the  low 
light  flux  zone,  for  example,  but  the  control  means  72 
outputs  the  control  signal  until  the  voltage  reaches  a 
level  below  the  minimum  voltage  VM|N  at  which  circuit 

14 
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elements  of  the  control  means  72  can  still  be  activat- 
ed,  as  shown  in  FIG.  20a.  The  voltage  of  the  capacitor 
C21  which  is  the  main  power  source  of  the  inverter  is 
also  lowered,  but  the  discharge  lamp  10  maintaining 
its  lighting  in  the  low  light  flux  zone  is  small  in  the  con- 
sumed  power  so  that,  as  in  FIG.  20b,  the  voltage  VC21 
of  the  capacitor  C21  is  gradually  lowered.  Since  the 
DC  power  for  maintaining  the  lighting  is  being  sup- 
plied  to  the  lamp  from  the  capacitor  C21  through  the 
resistor  R57,  further,  the  lighting  of  the  discharge 
lamp  is  easy  to  be  maintained  even  when  the  source 
switch  SWAC  is  opened.  Provided  here  that  the  dis- 
charge  lamp  10  is  maintained  in  the  lighting  state  until 
the  voltage  VC2i  of  the  capacitor  C21  reaches  below 
a  predetermined  voltage  Vo,  the  operation  of  the  con- 
trol  means  72  ceased  at  a  timing  t1  still  allows  the  dis- 
charge  lamp  10  to  be  kept  lighted  until  a  timing  t2,  as 
in  FIG.  2. 

When  on  the  other  hand  the  source  switch  SWAC 
is  opened  in  fully  lighted  state  of  the  discharge  lamp 
10,  the  consumed  power  at  the  inverter  is  large 
enough  for  quickly  lowering  the  voltage  VC21  of  the  ca- 
pacitor  C21,  as  in  FIG.  20c.  In  an  event  where,  as  in 
FIG.  20d,  the  control  means  72  stops  its  operation 
and  the  voltage  VC21  of  the  capacitor  C21  still  remains 
above  the  predetermined  voltage  Vo  at  the  timing  t1 
at  which  the  oscillation  of  the  inverter  has  stopped, 
the  voltage  VC21  is  to  be  gradually  lowered  thereafter, 
and  the  discharge  lamp  10  is  to  be  kept  lighted  until 
a  timing  t3  at  which  the  voltage  VC21  is  below  the  pre- 
determined  level  Vo. 

Accordingly,  in  an  embodiment  for  working  the 
present  freature,  the  arrangement  is  so  made  as  to 
provide  a  discharge  lamp  lighting-off  signal  S1  1  to  the 
DC  power  supplying  means  78,  as  shown  in  FIG.  21  , 
for  stopping  the  DC  power  supply  immediately  after 
the  lighting-off  of  the  discharge  lamp  10.  More  con- 
cretely,  as  shown  in  FIG.  22,  a  MOS  transistor  Q1  7  is 
inserted  in  series  with  a  resistor  R57  so  that  the  MOS 
transistor  Q17  will  be  turned  off  by  providing  a  signal 
P  to  the  gate  of  this  transistor  and  the  DC  power  sup- 
plying  path  will  be  thereby  broken.  In  the  embodiment 
of  FIGS.  21  and  22,  other  arrangements  and  func- 
tions  are  substantially  the  same  as  those  in  the  case 
of  FIGS.  1  and  19. 

In  FIG.  23,  there  is  shown  a  concrete  example  of 
the  control  means  for  supplying  the  control  signals  to 
the  main  circuit  of  FIG.  22,  in  which  example  there  are 
provided  driving  circuits  for  the  MOS  transistors  Q2 
and  Q3  in  the  main  circuit,  and  an  oscillating  circuit 
IC9  for  providing  the  drive  signals  to  these  driving  cir- 
cuits,  and  a  voltage  detecting  circuit  77  for  a  turning- 
off  control  of  the  MOS  transistor  Q7  upon  the  lighting- 
off  of  the  discharge  lamp  10  is  further  provided.  As 
operating  power  source  for  these  circuits,  the  control 
power  source  voltage  Vcc  obtained  at  the  capacitor 
C1  0  in  the  control  power  source  is  supplied  to  the  cir- 
cuits.  The  driving  circuit  for  the  MOS  transistor  Q2 

comprises  a  pulse  transformer  T1  1  ,  resistors  R63  and 
R64  and  diodes  D21  and  D23.  To  center  tap  of  pri- 
mary  winding  of  the  pulse  transformer  T11  ,  the  con- 
trol  power  source  voltage  Vcc  is  provided,  while  the 

5  primary  winding  is  grounded  atone  end  through  a  lat- 
er  detailed  driving  MOS  transistor  Q18  and  at  the 
other  end  through  the  diode  D21  .  Secondary  winding 
of  the  pulse  transformer  T11  is  connected  at  one  end 
through  a  terminal  "n"  to  the  source  of  the  MOS  tran- 

10  sistor  Q2  in  the  main  circuit  and  at  the  other  end 
through  the  resistor  R63  for  normal  biasing,  the  diode 
D23  for  reverse  biasing  and  a  terminal  "m"  to  the  gate 
of  the  MOS  transistor  Q2.  The  resistor  R64  is  con- 
nected  in  parallel  across  the  gate  and  source  of  the 

15  MOS  transistor  Q2. 
Now,  as  the  driving  MOS  transistor  Q18  is  made 

ON  and  the  pulse  transformer  T11  is  grounded  atone 
end,  a  current  is  caused  to  flow  through  the  primary 
winding  by  the  control  power  source  voltage  Vcc  ap- 

20  plied  to  the  center  tap  of  the  primary  winding  of  the 
transformer  T1  1  ,  a  thereby  induced  current  in  the  sec- 
ondary  winding  is  made  to  flow  through  a  series  cir- 
cuit  of  the  resistors  R63  and  R64  connected  to  the 
secondary  winding,  and  a  voltage  is  generated  across 

25  the  resistor  R64,  which  voltage  normally  biases 
across  the  gate  and  source  of  the  MOS  transistor  Q2 
to  turn  this  transistor  ON. 

As  the  driving  MOS  transistor  Q1  8  is  turned  OFF 
and  the  current  flowing  through  the  primary  winding 

30  of  the  pulse  transformer  T11  is  interrupted,  there  aris- 
es  a  regenerative  current  made  to  flow  through  the  di- 
ode  D21  to  the  control  power  source  for  keeping  the 
current  to  flow  through  the  primary  winding.  At  this 
time,  a  reverse  electromotive  force  is  generated  in 

35  the  secondary  winding  of  the  pulse  transformer  T1  1  , 
a  voltage  reversely  biasing  between  the  gate  and 
source  of  the  MOS  transistor  Q2  is  generated  across 
the  resistor  R64  through  the  diode  D23,  the  accumu- 
lated  charge  in  the  capacity  between  the  gate  and 

40  source  is  rapidly  discharged  and  the  MOS  transistor 
Q2  is  quickly  turned  OFF.  The  driving  circuit  for  the 
MOS  transistor  Q3  is  of  the  same  arrangement  and 
the  same  operation  is  carried  out.  This  driving  circuit 
for  the  MOS  transistor  comprises  a  pulse  transformer 

45  T12,  resistors  R65  and  R66  and  diodes  D22  and  D24, 
which  respectively  correspond  to  the  pulse  transfor- 
mer  T11,  resistors  R63  and  R64  and  diode  D21  and 
D23,  and  the  same  operation  is  realized.  For  the  os- 
cillating  circuit  IC9,  the  controlling  IC  for  use  with  the 

so  switching  regulator  ("nPC494C"  by  NEC)  may  be  em- 
ployed,  and  the  same  function  as  in  the  foregoing  em- 
bodiment  is  attained. 

In  the  present  embodiment,  a  push-pull  operation 
is  carried  out  by  pulling  up  output  control  terminal 

55  (13th  pin)  of  the  oscillating  circuit  IC9  to  a  level  of  the 
reference  voltage  Vref,  open  emitter  terminals  (9th 
and  10th  pins)  are  grounded,  and  oscillation  outputs 
obtained  at  open  collector  terminals  (8th  and  11th 

15 
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pins)  are  made  to  be  input  signals  respectively  to  the 
driving  MOS  transistors  Q18  and  Q19.  That  is,  when 
a  short-circuit  state  is  made  between  the  first  open 
collector  terminal  (8th  pin)  and  the  open  emitter  ter- 
minal  (9th  pin),  the  gate  of  the  MOS  transistor  Q1  9  is 
at  "L"  level  but,  when  an  open  state  is  attained  be- 
tween  these  terminals,  the  gate  of  the  MOS  transistor 
Q19  will  be  made  at  "H"  level  by  the  pull-up  resistor 
R62.  Similarly,  the  gate  of  the  MOS  transistor  Q1  8  is 
at  "L"  level  upon  the  short-circuit  state  between  the 
second  open  collector  terminal  (11th  pin)  and  open 
emitter  terminal  (10th  pin)  but  is  at  "H"  level  upon  the 
open  state  between  these  terminals.  The  MOS  tran- 
sistors  Q18  and  Q19  are  connected  as  in  the  above 
respectively  to  one  end  of  each  of  the  pulse  transfor- 
mers  T11  and  T12  in  the  driving  circuits  for  the  MOS 
transistors  Q2  and  Q3  forming  the  invertercircuits,  for 
driving  the  MOS  transistors  Q2  and  Q3. 

The  oscillating  frequency  of  the  oscillating  circuit 
IC9  is  determined  by  the  time  constant  of  a  capacitor 
C36,  fixed  resistor  R58  and  variable  resistor  VR12. 
With  the  value  of  the  variable  resistor  VR1  2  properly 
regulated,  therefore,  it  is  made  possible  to  control  the 
oscillating  frequency  of  the  oscillating  circuit  IC9. 
Further,  the  dead-off  time  of  the  oscillation  output  is 
determined  by  a  divided  voltage  level  of  the  reference 
voltage  Vref  by  resistors  R59  and  R60. 

In  the  voltage  detecting  circuit  77,  on  the  other 
hand,  the  control  power  source  voltage  Vcc  obtained 
at  the  capacitor  C10  is  divided  by  resistors  R67  and 
R68,  and  a  voltage  attained  at  junction  point  q  be- 
tween  these  resistors  R67  and  R68  is  applied  through 
a  Zener  diode  ZD2  to  a  resistor  R70.  A  voltage  gen- 
erated  across  the  resistor  R70  is  applied  across  the 
base  and  emitter  of  a  transistor  Q20,  a  collector  of 
which  is  pulled  up  through  a  resistor  R69  to  the  control 
power  source  voltage  Vcc  and  connected  through  a  re- 
sistor  R72  to  a  base  of  a  PNP  transistor  Q21  .  The  con- 
trol  power  source  voltage  Vcc  is  provided  to  an  emitter 
of  the  PNP  transistor  Q21  while  its  collector  is  ground- 
ed  through  a  resistor  R71  .  A  series  circuit  of  resistors 
R73  and  R74  is  connected  in  parallel  across  the  re- 
sistor  R71,  and  a  voltage  attained  at  junction  point  p 
between  these  resistors  R73  and  R74  is  used  as  a 
gate  driving  voltage  for  the  MOS  transistor  Q1  7  in  the 
main  circuit  shown  in  FIG.  22. 

FIGS.  24a-24c  show  operational  waveforms  in 
the  voltage  detecting  circuit  77  shown  in  FIG.  23,  in 
which  the  power  source  switch  SWAC  is  closed  prior 
to  a  timing  to,  and  a  predetermined  constant  DC  vol- 
tage  determined  by  the  Zener  voltage  of  the  Zener  di- 
ode  ZD1  is  generated  across  the  capacitor  C10.  The 
voltage  attained  at  the  junction  point  q  is  obtained  by 
dividing  this  predetermined  constant  DC  voltage  by 
means  of  the  resistors  R67  and  R68,  and  is  set  to  be 
higher  than  the  Zener  voltage  of  the  Zener  diode  ZD2. 
Therefore,  the  Zener  diode  ZD2  is  made  conductive 
prior  to  the  timing  to  to  generate  a  voltage  across  the 

resistor  R70,  the  transistor  Q20  is  thereby  turned  on, 
and  a  collector  voltage  Vr  at  a  point  r  of  the  transistor 
Q20  will  be  at  "L"  level,  as  shown  in  FIG.  24b  in  com- 
parison  with  the  control  power  source  voltage  Vcc 

5  shown  in  FIG.  24a.  Further,  a  base  current  flows  to 
the  PNP  transistor  Q21  through  a  resistor  R72  and 
the  transistor  Q20  so  that  the  PNP  transistor  Q21  will 
be  turned  on,  a  potential  at  the  junction  point  p  be- 
tween  the  resistors  R73  and  R74  will  become  a  vol- 

10  tage  determined  in  accordance  with  the  control  power 
source  voltage  Vcc  as  shown  in  FIG.  24c,  and  the  MOS 
transistor  Q17  in  the  main  circuit  is  turned  on,  due  to 
which  a  direct  current  is  made  to  flow  through  the  re- 
sistor  57  to  the  discharge  lamp  10. 

15  When  the  source  switch  SWAC  is  opened  at  the 
timing  to,  the  control  power  source  voltage  Vcc  is  low- 
ered  as  shown  in  FIG.  24a  and,  when  the  voltage  at 
the  point  q  becomes  lower  than  the  Zener  voltage  of 
the  Zener  diode  ZD2  upon  the  timing  of  t4,  the  Zener 

20  diode  ZD2  is  turned  into  non-conducting  state, 
whereby  the  transistor  Q20  is  turned  off  and  its  col- 
lector  voltage  Vr  will  coincide  to  the  control  power 
source  voltage  Vcc  as  shown  in  FIG.  24b.  Therefore, 
the  PNP  transistor  Q21  is  turned  off,  the  potential  at 

25  the  junction  point  p  between  the  resistors  R73  and 
R74  will  be  at  "L"  level  as  shown  in  FIG.  24c,  and  the 
MOS  transistor  Q18  in  the  main  circuit  is  turned  off. 
Accompanying  this,  the  direct  current  flowing  through 
the  resistor  R57  to  the  discharge  lamp  1  0  is  interrupt- 

30  ed.  As  the  oscillating  circuit  IC9  ceases  its  operation, 
the  inverter  oscillation  is  stopped,  and  the  discharg- 
ing  of  the  discharge  lamp  10  is  stopped.  At  this  time, 
no  direct  current  is  made  to  flow  through  the  dis- 
charge  lamp  1  0  for  maintaining  its  lighting,  and  no  af- 

35  ter-glow  is  persistent. 
While  in  the  present  embodiment  the  voltage 

drop  in  the  control  power  source  voltage  Vcc  is  detect- 
ed  to  obtain  the  lighting-off  signal  for  the  discharge 
lamp,  it  may  be  also  effective  to  detect  the  drop  in  the 

40  voltage  at  the  capacitor  C21  forming  the  inverter  input 
power  source,  or  the  lighting-off  signal  may  also  be 
obtained  by  means  of  another  switch  interlocked  with 
the  power  source  switch  SWAC. 

Referring  next  to  FIG.  25,  another  embodiment 
45  for  realizing  the  present  feature  is  shown,  in  which  the 

arrangement  is  so  made  that  the  dimmer  control 
means  82  allows  the  optical  output  of  the  discharge 
lamp  10  to  be  controllably  dimmed  in  a  range  from 
100%  lighting  to  0%  lighting,  i.e.,  lighting-off,  in  re- 

50  sponse  to  the  dimming  signal  VDM.  In  the  present  in- 
stance,  a  fade-out  is  to  be  carried  out  by  breaking  the 
DC  power  for  maintaining  the  lighting  of  the  discharge 
lamp.  In  this  case,  as  shown  in  FIG.  26,  the  dimming 
ratio  decreases  as  the  dimming  signal  VDM  decreas- 

55  es,  to  render  the  optical  output  to  be  smaller  and,  as 
the  dimming  signal  VDM  reaches  a  predetermined  lev- 
el,  the  DC  power  for  maintaining  the  lighting  of  the  dis- 
charge  lamp  is  interrupted,  to  render  the  dimming  ra- 
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tio  to  be  zero  and  the  optical  output  to  disappear. 
In  FIG.  27,  there  is  shown  a  fade-out  control  cir- 

cuit  to  be  used  together  with  the  main  circuit  of  FIG. 
22  and  the  control  circuit  of  FIG.  23,  and  terminals  "p" 
and  "s"  shown  in  FIG.  27  are  to  be  connected  to  the 
terminals  "p"  and  "s"  in  FIG.  23,  respectively.  Here, 
the  dimming  signal  VDM  is  input  into  an  inverted  input 
terminal  of  an  operational  amplifier  IC10  through  an 
input  resistor  R75,  while  a  reference  voltage  divided 
out  of  the  control  power  source  voltage  Vcc  by  resis- 
tors  R76and  R77  is  supplied  to  non-inverted  input  ter- 
minal  of  the  operational  amplifier  IC10,  an  output  ter- 
minal  of  which  is  connected  through  a  feedback  resis- 
tor  R78  to  the  inverted  input  terminal  of  the  amplifier 
IC10  and  through  an  input  resistor  R81  to  an  inverted 
input  terminal  of  another  operational  amplifier  IC11. 
To  non-inverted  input  terminal  of  this  operational  am- 
plifier  IC11,  a  reference  voltage  obtained  by  dividing 
the  control  power  source  voltage  Vcc  by  resistors  R79 
and  R80  is  applied,  and  an  output  terminal  of  the  am- 
plifier  IC11  is  connected  through  a  feedback  resistor 
R82  to  its  own  inverted  input  terminal  and  through  the 
terminal  "s"  to  the  resistor  terminal  (6th  pin)  of  the 
foregoing  oscillating  circuit  IC9  of  FIG.  23.  The  dim- 
ming  signal  VDM  is  thus  provided  through  the  opera- 
tional  amplifiers  ICIOand  111  to  the  resistor  terminal 
(6th  pin)  of  the  oscillating  circuit  IC9,  and  the  dimmer 
control  can  be  realized.  In  this  case,  it  should  be  ap- 
preciated  that  the  arrangement  is  so  made  that  higher 
the  dimming  signal  VDM,  larger  the  optical  output  of 
the  discharge  lamp  10  obtained. 

Further,  the  dimming  signal  VDM  is  also  provided 
through  a  resistor  R83  to  an  inverted  input  terminal  of 
a  comparator  IC12  to  a  non-inverted  input  terminal  of 
which  a  reference  voltage  divided  out  of  the  control 
power  source  voltage  Vcc  by  resistors  R84  and  R85  is 
applied.  This  comparator  IC12  is  connected  atan  out- 
put  terminal  through  a  resistor  R86  to  the  base  of  a 
transistor  Q22  which  is  connected  through  the  termi- 
nal  "p"  across  the  resistor  R74  of  FIG.  23  in  parallel 
thereto.  When,  as  in  FIG.  26,  the  dimming  signal  VDM 
is  larger  than  a  predetermined  level  {R84/(R84+R85)J 
■  Vcc,  the  output  terminal  of  the  comparator  IC12  is  at 
"L"  level  and  the  transistor  Q22  is  in  OFF  state.  As  the 
dimming  signal  V  becomes  smaller  than  the  above 
predetermined  level,  the  output  terminal  of  the  com- 
parator  IC1  2  turns  to  "H"  level  to  render  the  transistor 
Q22  to  be  turned  on.  Consequently,  the  MOS  transis- 
tor  Q1  7  in  the  main  circuit  of  FIG.  22  is  forcibly  turned 
off,  and  the  DC  power  supplied  through  the  resistor 
R57  to  the  discharge  lamp  1  0  for  maintaining  the  dis- 
charge  is  interrupted,  whereby  the  discharge  lamp  10 
is  made  no  more  possible  to  retain  the  discharge  in 
the  low  light  flux  dimming  zone  as  shown  in  FIG.  26, 
and  the  discharge  lamp  is  reliably  completely  lighted 
off.  In  the  arrangement  of  the  present  embodiment, 
therefore,  the  lighting-off  of  the  discharge  lamp  is  re- 
alized  without  employing  any  of  such  measures  apt  to 

impose  excessive  stress  to  the  circuit  elements  as  an 
interruption  of  input  power  to  the  inverter,  ceasing  of 
oscillation  of  the  inverter  or  the  like,  but  rather  by  re- 
ducing  the  inverter  oscillation  output  and  interrupting 

5  the  DC  power  supply  for  the  discharge  retention, 
while  continuing  the  inverter  oscillation  to  render  any 
stress  imposed  to  the  circuit  elements  to  be  the  mini- 
mum. 

According  to  yet  anotherfeature  of  the  present  in- 
10  vention,  there  can  be  provided  a  dimmable  discharge 

lamp  lighting  device  with  which  such  abnormal  dis- 
charge  state  as  poor  electron  emission  (emitless)  oc- 
curring  at  the  filaments  can  be  reliably  detected  so  as 
to  be  able  to  prevent  any  excessive  stress  from  being 

15  imposed  to  the  circuit  elements.  That  is,  when  the  f  i- 
lament  f2  of  the  discharge  lamp  1  0  in  the  arrangement 
of  FIG.  1  is  involved  in  the  emitless  state,  this  partic- 
ular  state  may  be  detected  by  detecting  any  exces- 
sive  current  flowing  through  the  MOS  transistors  Q2 

20  and  Q3.  When  the  other  filament  f1  is  in  the  emitless 
state,  however,  the  inverter  does  not  allow  any  abnor- 
mality  detected  even  the  inverter  itself  is  in  the  abnor- 
mal  discharging  state,  and  the  normal  operation  is 
kept  to  be  carried  out  to  cause  the  excessive  stress 

25  to  be  imposed  on  the  circuit  elements.  According  to 
the  present  feature,  this  drawback  can  be  overcome. 

Referring  in  detail  to  an  embodiment  practicing 
the  present  feature  with  reference  to  FIG.  28,  the  em- 
bodiment  suggests  an  arrangement  in  which  a  DC 

30  current  detecting  means  99  is  inserted  between  the 
discharge  lamp  10  and  the  DC  power  supplying 
means  13  in  the  embodiment  of  FIG.  1,  the  latter 
means  being  denoted  by  a  numeral  93  here,  so  that 
any  larger  DC  current  than  that  in  the  case  of  normal 

35  lighting  and  detected  by  the  means  99  will  be  provid- 
ed  as  an  abnormal  discharge  signal  to  the  dimmer 
control  means  92.  In  this  case,  the  arrangement  may 
be  so  made  that  the  stopping  of  the  high  frequency 
power  supply  from  the  high  frequency  power  source 

40  91  to  the  discharge  lamp  1  0  in  response  to  the  detec- 
tion  of  the  abnormal  discharging,  or  the  re-lighting 
control  for  the  discharge  lamp  in  response  to  the  de- 
tection  of  non-lighting  of  the  lamp  can  be  carried  out. 
The  dimmer  control  means  92  may  be  of  the  same  ar- 

45  rangement  as  that  in  FIG.  1  adapted  to  be  capable  of 
dimming  the  discharge  lamp  from  the  arc  discharge 
zone  to  the  glow  discharge  zone.  Other  arrange- 
ments  and  functions  are  the  same  as  those  in  the 
foregoing  embodiments. 

so  Referring  more  specifically  to  the  above  with  ref- 
erence  to  FIGS.  29a  and  29b,  it  should  be  assumed 
here  that  the  high  frequency  power  is  supplied  from 
the  high  frequency  powersource  101  to  the  discharge 
lamp  10  and  the  DC  power  is  applied  from  the  DC 

55  power  supplying  means  1  03  to  the  discharge  lamp  1  0 
as  superposed  on  the  high  frequency  power,  and  that 
the  filament  f2  on  minus  side  of  the  DC  power  is  in- 
volved  in  the  emitless  state,  then  the  lamp  current 
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flowing  through  the  lamp  10  is  caused  to  flow  sub- 
stantially  only  from  the  filament  f2  to  the  filament  f1  . 
This  should  be  for  reason  that  electrons  are  emitted 
substantially  only  from  the  filament  f1  due  to  that  the 
electrons  can  hardly  be  emitted  from  the  filament  f2 
as  no  emitter  from  the  filament  f2  is  present.  As  will 
be  clear  when  an  equivalent  circuit  as  in  FIG.  29b  to 
that  of  FIG.  29a  is  referred  to,  the  high  frequency  pow- 
er  is  to  be  applied  to  the  discharge  lamp  10  through 
the  filaments  f1  and  f2  having  resistors  RB  and  RA, 
and  the  discharge  lamp  itself  is  regarded  as  compris- 
ing  a  diode  DO  and  a  lamp  impedance  Z1a  with  a  half- 
wave  rectification  assumed  in  view  of  a  single  direc- 
tional  lamp  current  flow  upon  occurrence  of  the  emit- 
less  state  at  the  filament  f2.  When  the  emitless  state 
has  occurred  at  the  filament  f2,  the  current  flows  from 
the  filament  f2  to  the  filament  f1  as  represented  by  the 
direction  of  the  assumed  diode  DO  here,  so  that  an 
overcurrent  is  thereby  caused  to  flow  through  a 
switching  element  in  the  high  frequency  powersource 
101  to  increase  that  heat  value,  or  to  enlarge  the 
stress  on  the  circuit  elements,  which  can  be  easily  de- 
tected.  In  the  event  where  the  emitless  state  has  tak- 
en  place  at  the  filament  f1,  the  direction  of  the  as- 
sumed  diode  DO  is  reversed  from  that  in  FIG.  29b,  so 
that  the  lamp  current  will  flow  only  from  the  filament 
f1  to  the  filament  f2,  the  current  supply  from  the  DC 
power  supplying  means  103  is  made  possible.  The 
stress  imposed  on  the  circuit  elements  of  the  high  fre- 
quency  power  source  101  in  this  event  is  small 
enough  for  not  allowing  any  known  emitless  detector 
to  detect  the  situation.  In  the  present  embodiment,  it 
has  been  noticed  that  the  lamp  current  is  supplied 
from  the  DC  power  supplying  means  103  in  the  emit- 
less  state  occurring  at  the  filament  f1  ,  any  increase  in 
the  supplied  DC  power  amount  from  the  means  103 
is  detected  in  order  to  achieve  the  intended  purpose. 

Referring  more  specifically  to  the  embodiment  of 
FIG.  28  by  reference  to  an  example  of  circuit  arrange- 
ment,  current  detecting  resistors  R87  and  R88  are 
connected  in  series  to  the  inductor  CH3  which  forms 
the  DC  current  supply  path  toward  the  discharge  lamp 
10,  and  the  magnitude  of  the  DC  current  supplied  to 
the  discharge  lamp  is  detected  as  a  potential  at  a  point 
"a"  between  these  resistors.  FIG.  31  is  a  concrete  ex- 
ample  of  a  control  circuit  for  supplying  the  control  sig- 
nal  to  the  main  circuit  of  FIG.  30,  in  which  drawings 
all  other  arrangements  than  that  for  the  DC  current 
detection  and  their  functions  are  substantially  the 
same  as  those  in  the  foregoing  embodiments. 

In  practice,  in  the  DC  current  detecting  means  99, 
a  voltage  Va  obtained  at  the  point  "a"  in  the  main  cir- 
cuit  of  FIG.  30  is  averaged  by  a  capacitor  C40  and  is 
applied  through  an  input  resistor  R89  to  a  non-invert- 
ed  input  terminal  of  a  comparator  IC13,  while  a  refer- 
ence  voltage  Vk  divided  out  of  the  control  power 
source  voltage  Vcc  by  resistors  R90  and  R91  is  ap- 
plied  to  the  other  inverted  input  terminal  of  the  com- 

parator  IC1  3.  So  long  as  the  discharge  lamp  1  0  is  nor- 
mally  being  lighted,  the  voltage  Va  at  the  pint  "a"  is 
lower  than  the  reference  voltage  Vk  to  keep  an  output 
of  the  comparator  IC13  at  "L"  level.  Whenever  the 

5  emitless  state  occurs  at  the  fi  lament  f1  ofthelampIO, 
the  DC  current  flowing  to  the  lamp  10  is  increased, 
the  voltage  Va  at  the  point  "a"  is  elevated  to  be  above 
the  reference  voltage  Vk,  and  the  comparator  output 
turns  to  "H"  level.  The  output  of  the  DC  current  detect- 

10  ing  means  99  is  provided  to  an  oscillation  limiting 
means  100  comprising  a  transistor  23  and  resistors 
R92  and  R93,  the  transistor  Q23  being  connected  at 
the  collector  to  a  junction  point  between  a  resistor 
R58  and  a  variable  resistor  VR12  for  setting  the  time 

15  constant  of  an  oscillating  circuit  IC9,  at  the  emitter  to 
the  ground  and  at  the  base  through  the  resistor  R92 
to  output  terminal  of  the  DC  current  detecting  means 
99  and  through  the  resistor  R93  to  the  ground.  As  the 
output  of  the  DC  current  detecting  means  99  is  at  "H" 

20  level,  a  base  current  flows  to  the  transistor  Q23,  the 
same  is  conducted  across  the  collector  and  emitter, 
and  the  variable  resistor  VR1  2  is  short-circuited  be- 
tween  its  both  ends,  whereby  the  frequency  of  the  os- 
cillating  circuit  IC9  is  raised,  oscillating  output  of  the 

25  inverter  is  restricted  and  the  stress  imposed  to  the  cir- 
cuit  elements  of  the  inverter  is  reduced. 

In  FIG.  32,  another  working  aspect  of  the  device 
of  FIG.  28  is  shown,  in  which  the  emitless  state  not 
only  at  the  filament  f1  but  also  at  the  filament  f2  is 

30  made  detectable  by  providing  a  resonance  voltage 
detecting  means  105,  in  which  a  series  circuit  of  vol- 
tage  dividing  resistors  R94  and  R95  is  connected  in 
parallel  across  a  capacitor  C7.  A  resonance  voltage  of 
a  high  frequency  as  divided  by  the  resistors  R94  and 

35  R95  is  half-wave  rectified  at  a  diode  D25,  smoothed 
at  a  capacitor  C41  and  converted  into  a  DC  voltage, 
which  is  applied  through  an  input  resistor  R96  to  a 
non-inverted  input  terminal  of  a  comparator  IC14, 
while  a  reference  voltage  divided  out  of  the  control 

40  power  source  voltage  Vcc  by  resistors  R97  and  R98  is 
applied  to  the  other  inverted  input  terminal  of  the  com- 
parator  IC14.  During  the  normal  lighting  of  the  dis- 
charge  lamp  10,  the  DC  voltage  from  the  capacitor 
C41  is  lower  than  the  reference  voltage  from  the  re- 

45  sistor  R98,  and  the  output  of  the  comparator  IC14  is 
at  "L"  level.  Once  the  emitless  state  occurs  at  the  fi- 
lament  f2,  only  a  single  directional  current  is  made  to 
flow  through  a  resonance  circuit  formed  by  the  induc- 
tor  LCHi  in  the  main  circuit,  capacitor  C7,  discharge 

so  lamp  10  and  the  like,  and  the  resonance  voltage  gen- 
erated  across  the  capacitor  C7  is  raised  to  be  a  very 
high  voltage.  Due  to  this,  the  voltage  obtained  at  the 
capacitor  C7  becomes  higher  than  the  reference  vol- 
tage  at  the  resistor  R98,  and  the  comparator  output 

55  becomes  "H"  level.  This  comparator  output  is  input 
through  a  resistor  R99  and  diode  D26  to  the  base  of 
the  transistor  Q23.  Similarly  to  the  foregoing  aspect, 
the  output  of  the  comparator  IC1  3  is  input  through  the 
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resistor  R92  and  a  diode  D27  to  the  base  of  the  tran- 
sistor  Q23.  The  diodes  D26  and  D27  are  forming  an 
OR  circuit  so  that,  either  when  the  output  of  the  res- 
onance  voltage  detecting  means  105  is  at  "H"  level  or 
when  the  output  of  the  DC  current  detecting  means  99 
is  at  "H"  level,  the  transistor  Q23  in  the  oscillation  lim- 
iting  means  1  00  is  turned  on.  According  to  the  present 
working  aspect,  therefore,  the  detection  of  the  emit- 
less  state  occurring  either  at  the  filament  f1  or  at  the 
filament  f2  is  made  possible,  and  the  oscillation  out- 
put  of  the  inverter  means  is  limited  upon  occurrence 
of  the  emitless  state. 

In  FIGS.  33  and  34,  there  are  shown  further  work- 
ing  aspects  of  the  device  of  FIG.  28,  in  which  aspects 
the  arrangement  is  so  made  that,  when  the  DC  cur- 
rent  expected  to  be  supplied  to  the  discharge  lamp  10 
is  not  detected,  a  false-start  signal  is  provided  from 
the  DC  current  detecting  means  119  to  the  dimmer 
control  means  112,  for  carrying  out  a  re-start  control. 
More  concretely,  as  shown  in  FIG.  34,  the  voltage  Va 
at  the  point  "a"  is  applied  through  an  input  resistor 
R100  to  the  non-inverted  input  terminal  of  the  com- 
parator  IC15,  a  reference  voltage  out  of  the  control 
power  source  voltage  Vcc  by  resistors  R1  01  and  R1  02 
is  applied  to  the  inverted  input  terminal  of  the  compar- 
ator  IC15,  and  the  both  voltages  are  compared.  The 
output  of  the  comparator  IC15  is  input  through  a  re- 
sistor  R103  to  a  re-start  control  circuit  112,  upon 
which  the  reference  voltage  applied  to  the  inverted  in- 
put  terminal  of  the  comparator  IC1  5  is  set  to  be  a  low- 
er  value  than  the  voltage  Va  at  the  point  "a"  for  the  nor- 
mal  lighting  of  the  discharge  lamp,  whereby  the  nor- 
mal  lighting  of  the  lamp  renders  the  output  of  the  com- 
parator  IC15  to  be  at  "H"  level  but  non-lighting  of  the 
lamp  turns  the  output  to  "L"  level.  When  the  output  of 
the  comparator  IC15  is  at  "L"  level,  therefore,  the  re- 
start  control  circuit  112  provides  a  predetermined  vol- 
tage  to,  for  example,  the  oscillating  circuit  IC  to  render 
the  switching  frequency  of  the  inverter  means  closer 
to  the  resonance  frequency  of  the  load  circuit,  a  vol- 
tage  good  enough  for  starting  the  discharge  lamp  10 
is  generated  across  a  resonating  capacitor  C,  and  the 
discharge  lamp  is  thereby  re-started. 

While  in  the  foregoing  embodiments  the  low-in- 
tension,  mercury-arc  discharge  lamp  has  been  dis- 
closed  with  a  premise  that  the  lamp  is  dimmed,  the 
present  invention  is  not  required  to  be  limited  to  the 
one  for  dimming  the  discharge  lamp.  The  important  is 
that  the  lighting  of  the  low-intension,  mercury-arc  dis- 
charge  lamp  in  the  discharge  range  where  the  lighting 
has  been  normally  difficult  is  enabled  to  be  effectively 
and  stably  realized. 

Claims 

1.  A  discharge  lamp  lighting  device  comprising  a 
low-intensity,  mercury-arc  discharge  lamp  (1  0),  a 

high  frequency  power  source  (11)  supplying  high 
frequency  power  to  said  discharge  lamp,  means 
(12)  for  controlling  the  high  frequency  power  sup- 
plied  to  said  discharge  lamp,  and  a  DC  power 

5  supplying  means  (13;43;53)  for  supplying  a  DC 
power  to  said  discharge  lamp  of  a  level  capable 
of  maintaining  discharge  upon  low  light  flux  light- 
ing,  the  DC  power  being  superposed  on  the  high 
frequency  power  supplied  to  said  lamp  from  said 

10  high  frequency  power  source,  characterized  in 
that  said  DC  power  supplying  means  (13;43;53) 
includes  superposing  stopping  means 
(43D,43E,43F;53D,53E)  for  substantially  stop- 
ping  superposing  of  DC  power  when  the  relative 

15  illumination  ratio  of  said  discharge  lamp  (10)  with 
respect  to  illumination  at  rated  current  is  above  a 
level  predetermined. 

2.  The  device  according  to  claim  1  wherein  said  su- 
20  perposing  stopping  means  (53D,53E)  comprises 

a  plurality  of  switching  circuits  (53E1,53E2) 
which  are  connected  mutually  in  parallel  with  re- 
spect  to  said  discharge  lamp  (10),  and  said  rela- 
tive  illumination  ratio  above  said  predetermined 

25  level  is  set  to  be  different  for  each  of  said  switch- 
ing  circuits. 

3.  The  device  according  to  claim  1  wherein  said  su- 
perposing  stopping  means  includes  a  DC  power 

30  controlling  switching  means  (SW1)  for  substan- 
tially  stopping  said  DC  power  superposing  when 
said  relative  illumination  ratio  exceeds  a  prede- 
termined  level. 

35  4.  The  device  according  to  claim  3  which  further 
comprises  overcurrent  preventing  switching 
means  (SW2)  connected  in  parallel  to  said  DC 
powercontrolling  switching  means  for  conduction 
upon  starting  of  said  discharge  lamp. 

40 
5.  The  device  according  to  claim  4  wherein  said  DC 

power  controlling  switching  means  (SW1)  and 
said  overcurrent  preventing  switching  means 
(SW2)  are  formed  by  a  common  switching 

45  means. 

6.  The  device  according  to  claim  1  wherein  said  rel- 
ative  illumination  of  said  discharge  lamp  (10)  with 
respect  to  illumination  at  rated  current  being  be- 

50  low  20%  upon  low  lightflux  dimming,  and  said  DC 
power  supplying  means  (53)  includes  means 
(53B,53C)  for  regulating  said  supply  of  said  DC 
power  in  accordance  with  a  dimming  level. 

55  7.  The  device  according  to  claim  1  wherein  the  rel- 
ative  illumination  of  said  discharge  lamp  (10)  with 
respect  to  illumination  at  rated  current  is  5%  upon 
low  light  flux  dimming,  and  said  DC  powersupply- 
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ing  means  (53)  includes  means  (53B,53C)  for 
regulating  said  supply  of  said  DC  power  in  accor- 
dance  with  a  dimming  level. 

8.  The  device  according  to  claim  7  wherein  said  DC 
power  supplying  means  (53)  includes  means 
(53D-53F)  for  stopping  superposing  of  DC  power 
when  the  relative  illumination  ratio  of  said  dis- 
charge  lamp  (10)  with  respect  to  illumination  at 
rated  current  is  above  a  predetermined  level. 

9.  The  device  according  to  claim  8  wherein  said  su- 
perposing  stopping  means  (53D-53F)  comprises 
a  plurality  of  switching  circuits  (53F1,53F2,...) 
which  are  connected  mutually  in  parallel  with  re- 
spect  to  said  discharge  lamp  (10),  and  said  rela- 
tive  illumination  ratio  above  said  predetermined 
level  is  different  for  each  of  said  switching  circuits 
(53F1,  53F2...). 

10.  The  device  according  to  claim  8  wherein  said  su- 
perposing  stopping  means  includes  a  DC  power 
controlling  switching  means  (SW1)  for  substan- 
tially  stopping  said  DC  power  superposing  when 
said  relative  illumination  ratio  exceeds  a  prede- 
termined  level. 

11.  The  device  according  to  claim  10  which  further 
comprises  overcurrent  preventing  switching 
means  (SW2)  connected  in  parallel  to  said  DC 
power  controlling  switching  means  (SW1)  for 
conduction  upon  starting  of  said  discharge  lamp. 

12.  The  device  according  to  claim  7  which  further 
comprises  means  (77)  for  substantially  stopping 
said  superposing  of  said  DC  power  in  response  to 
a  signal  (S11)  for  turning  OFF  said  discharge 
lamp  (10). 

13.  The  device  according  to  claim  7  which  further 
comprises  an  abnormality  detecting  means  (99) 
for  detecting  an  abnormal  state  of  said  discharge 
lamp  (10)  by  detecting  said  DC  power  supplied  to 
said  discharge  lamp  from  said  DC  power  supply- 
ing  means  (93). 

14.  The  device  according  to  claim  13  which  further 
comprises  means  (92)  for  stopping  said  supply  of 
said  high  frequency  powerto  said  discharge  lamp 
(10)  from  said  high  frequency  power  source  (91) 
when  said  abnormality  detecting  means  (99)  de- 
tects  an  abnormal  state. 

15.  The  device  according  to  claim  7  which  further 
comprises  means  (119)  for  detecting  a  non-lighted 
state  of  said  discharge  lamp  (10)  by  detecting  the 
level  of  said  DC  power  supplied  to  the  discharge 
lamp  from  said  DC  power  supplying  means. 

16.  The  device  according  to  claim  15  which  further 
comprises  re-lighting  means  (112)  for  carrying 
out  re-lighting  control  when  said  non-lighted  state 
detecting  means  (119)  detects  a  non-lighted 

5  state. 

17.  The  device  according  to  claim  1  wherein,  to  dim 
said  discharge  lamp  (10)  and  obtain  a  low  light 
flux,  the  high  frequency  power  control  means 

10  (12)  is  adapted  to  cause  the  lamp  current  to  be  re- 
duced,  and  wherein  the  DC  power  supplying 
means  (13;43;53)  is  adapted  to  maintain  a  DC 
power  component  of  lamp  current,  at  levels  of  low 
light  flux,  at  a  value  sufficient  to  produce  a  glow- 

is  discharge. 

Patentanspruche 

20  1.  Entladungslampen-Leuchtvorrichtung  mit  einer 
Niedrigintensitats-Quecksilberentladungslampe 
(10),  einer  Hochfrequenzstromquelle  (11),  von 
derdie  Entladungslampe  mit  Hochfrequenzspan- 
nung  versorgt  wird,  Mitteln  (12)  zum  Steuern  der 

25  der  Entladungslampe  zugefuhrten  Hochfre- 
quenzspannung  und  einem  Gleichstromversor- 
gungsmittel  (13;  43;  53)  zum  Versorgen  der  Ent- 
ladungslampe  mit  einer  Gleichspannung  solchen 
Pegels,  der  zum  Auf  rechterhalten  der  Entladung 

30  auf  niedrigem  Lichtstromleuchten  fahig  ist,  wobei 
die  Gleichspannung  der  von  der  Hochfrequenz- 
stromquelle  der  Lampe  zugefuhrten  Hochfre- 
quenzspannung  uberlagert  ist,  dadurch  gekenn- 
zeichnet,  dali  das  Gleichstromversorgungsmittel 

35  (13;  43;  53)  ein  Uberlagerungsunterbrechungs- 
mittel  (43D,  43E,  43F;  53D,  53E)  aufweist,  urn 
das  Uberlagern  der  Gleichspannung  im  wesent- 
lichen  zu  unterbrechen,  wenn  das  relative 
Leuchtstarkenverhaltnis  der  Entladungslampe 

40  (10)  relativ  zu  der  Leuchtstarke  beim  Nennstrom 
uber  einem  vorbestimmten  Wert  ist. 

2.  Vorrichtung  nach  Anspruch  1  ,  bei  der  das  Uber- 
lagerungsunterbrechungsmittel  (53D,  53E)  eine 

45  Mehrzahl  von  Schalterkreisen  (53E1,  53E2)  auf- 
weist,  welche  relativ  zu  der  Entladungslampe 
(10)  und  zueinander  parallelgeschaltet  sind,  und 
das  relative  Leuchtstarkenverhaltnis  uber  dem 
vorbestimmten  Wert  fur  jeden  Schalterkreis  un- 

50  terschiedlich  eingestellt  ist. 

3.  Vorrichtung  nach  Anspruch  1  ,  bei  der  das  Uberlage- 
rungsunterbrechungsmittel  ein  Gleichspannungs- 
Steuerschaltmittel  (SW1)  aufweist,  urn  das 

55  Uberlagern  der  Gleichspannung  im  wesentli- 
chen  zu  unterbrechen,  wenn  das  relative 
Leuchtstarkenverhaltnis  einen  vorbestimmten 
Wert  uberschreitet. 

20 
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4.  Vorrichtung  nach  Anspruch  3,  ferner  mit  einem 
Uberstromverhinderungsschaltmittel  (SW2),  das 
mit  dem  Gleichspannungssteuerschaltmittel  zum 
Leiten  beim  Zunden  der  Entladungslampe  paral- 
lelgeschaltet  ist. 

5.  Vorrichtung  nach  Anspruch  4,  bei  der  das 
Gleichspannungssteuerschaltmittel  (SW1)  und 
das  Uberstromverhinderungsschaltmittel  (SW2) 
von  einem  gemeinsamen  Schaltmittel  gebildet 
sind. 

6.  Vorrichtung  nach  Anspruch  1  ,  bei  der  das  relative 
Leuchten  der  Entladungslampe  (10)  relativ  zu 
dem  Leuchten  mit  Nennstrom  beim  niedrigen 
Lichtstrom-Herlligkeitsregeln  unter  20%  ist  und 
das  Gleichstromversorgungsmittel  (53)  Mittel 
(53B,  53C)  zum  Regeln  des  Zufuhrens  der 
Gleichspannung  entsprechend  einem  Hellig- 
keitsregelungspegel  aufweist. 

7.  Vorrichtung  nach  Anspruch  1  ,  bei  der  das  relative 
Leuchten  der  Entladungslampe  (10)  relativ  zu 
dem  Leuchten  mit  Nennstrom  beim  niedrigen 
Lichtstrom-Helligkeitsregeln  5%  ist  und  das 
Gleichstromversorgungsmittel  (53)  Mittel  (53B, 
53C)  zum  Regeln  des  Zufuhrens  der  Gleichspan- 
nung  entsprechend  einem  Helligkeitsregelungs- 
pegel  aufweist. 

8.  Vorrichtung  nach  Anspruch  7,  bei  der  das  Gleich- 
stromversorgungsmittel  (53)  Mittel  (53D-53F) 
aufweist,  urn  das  Uberlagern  der  Gleichspan- 
nung  zu  unterbrechen,  wenn  das  relative 
Leuchtstarkenverhaltnis  der  Entladungslampe 
(10)  relativ  zu  der  Leuchtstarke  mit  Nennstrom 
uber  einem  vorbestimmten  Wert  ist. 

9.  Vorrichtung  nach  Anspruch  8,  bei  der  das  Uber- 
lagerungsunterbrechungsmittel  (53D-53F  eine 
Mehrzahl  von  Schalterkreisen  (53F1,  53F2,  ...) 
aufweist,  welche  relativ  zu  der  Entladungslampe 
(10)  und  zueinander  parallelgeschaltet  sind,  und 
das  relative  Leuchtstarkenverhaltnis  uber  dem 
vorbestimmten  Wert  fur  jeden  Schalterkreis 
(53F1,  53F2,  ...)  unterschiedlich  ist. 

1  0.  Vorrichtung  nach  Anspruch  9,  bei  der  das  Uberlage- 
rungsunterbrechungsmittel  ein  Gleichspannungs- 
Steuerschaltmittel  (SW1)  aufweist,  urn  das 
Uberlagern  der  Gleichspannung  im  wesentli- 
chen  zu  unterbrechen,  wenn  das  relative 
Leuchtstarkenverhaltnis  einen  vorbestimmten 
Wert  uberschreitet. 

11.  Vorrichtung  nach  Anspruch  10,  ferner  mit  einem 
Uberstromverhinderungsschaltmittel  (SW2),  das 
zu  dem  Gleichspannungssteuerschaltmittel 

(SW1)  zum  Leiten  beim  Zunden  der  Entladungs- 
lampe  parallelgeschaltet  ist. 

12.  Vorrichtung  nach  Anspruch  7,  ferner  mit  einem 
5  Mittel  (77),  von  dem  das  Uberlagern  der  Gleich- 

spannung  in  Antwortauf  ein  Signal  (S11)zum  Ab- 
schalten  der  Entladungslampe  (10)  im  wesentli- 
chen  unterbrochen  wird. 

10  13.  Vorrichtung  nach  Anspruch  7,  ferner  mit  einem 
Abnormal  itatsdetektiermittel  (99)  zum  Detektie- 
ren  eines  abnormalen  Zustandes  der  Entla- 
dungslampe  (10)  durch  Detektieren  der  von  dem 
Gleichstromversorgungsmittel  (93)  der  Entla- 

15  dungslampe  zugefuhrten  Gleichspannung. 

14.  Vorrichtung  nach  Anspruch  13,  ferner  mit  einem 
Mittel  (92),  von  dem  das  Zufuhren  der  Hochfre- 
quenzspannung  von  der  Hochfrequenzspan- 

20  nungsquelle  (91)  zu  der  Entladungslampe  (10) 
unterbrochen  wird,  wenn  von  dem 
Abnormal  itatsdetektiermittel  (99)  ein  abnormaler 
Zustand  detektiert  wird. 

25  15.  Vorrichtung  nach  Anspruch  7,  ferner  mit  einem 
Mittel  (119)  zum  Detektieren  eines  Nichtleucht- 
zustandes  der  Entladungslampe  (10)  durch  De- 
tektieren  des  Pegels  der  von  dem  Gleichstrom- 
versorgungsmittel  der  Entladungslampe  zuge- 

30  fuhrten  Gleichspannung. 

16.  Vorrichtung  nach  Anspruch  15,  ferner  mit  einem 
Wiederaufleuchtmittel  (112)  zum  Durchfuhren  ei- 
ner  Wiederaufleuchtsteuerung,  wenn  von  dem 

35  Nichtleuchtzustands-Detektiermittel  ein  Nicht- 
leuchtzustand  detektiert  wird. 

17.  Vorrichtung  nach  Anspruch  1,  bei  der  das  Hoch- 
frequenzstromsteuermittel  (12)  derart  ausgelegt 

40  ist,  dali  eine  Verringerung  des  Lampenstromes 
bewirktwird,  urn  die  Entladungslampe  (10)  dunkl- 
erzustellen  und  einen  niedrigen  Lichtstrom  zu  er- 
halten,  und  das  Gleichstromversorgungsmittel 
(13;  43;  53)  derart  ausgelegt  ist,  dali  die  Gleich- 

45  stromkomponente  des  Lampenstroms  auf  niedri- 
gen  Lichtstrompegeln  auf  einem  Wert  aufrecht- 
erhalten  wird,  der  zum  Erzeugen  einer  Glimm- 
entladung  ausreichend  ist. 

50 
Revendications 

1.  Dispositif  d'eclairage  d'une  lampe  a  decharge 
comprenant  une  lampe  a  decharge  (10)  de  faible 

55  intensite,  a  arc  de  mercure,  une  source  d'alimen- 
tation  (11)  haute  frequence  alimentant  en  puis- 
sance  haute  frequence  ladite  lampe  a  decharge, 
un  moyen  (12)  pour  commander  la  puissance 
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haute  frequence  appliquee  a  ladite  lampe  a  de- 
charge,  et  des  moyens  (1  3;  43;  53)  d'alimentation 
en  puissance  en  courant  contlnu  pour  appliquer 
une  puissance  en  courant  contlnu  a  ladite  lampe 
a  decharge,  d'un  niveau  capable  de  maintenir  la 
decharge  lors  d'un  eclalrage  a  faible  flux  de  lu- 
miere,  la  puissance  en  courant  continu  etant 
superposee  a  la  puissance  haute  frequence  ap- 
pliquee  a  ladite  lampe  par  ladite  source  d'alimen- 
tation  haute  frequence,  caracterise  en  ce  que  les- 
dits  moyens  (13;  43;  53)  d'alimentation  en  puis- 
sance  en  courant  continu  comportent  des 
moyens  (43D,  43E,  43F;  53D,  53E)  d'arret  de 
superposition  pour  arretersensiblement  la  super- 
position  de  ladite  puissance  en  courant  continu 
lorsque  le  rapport  d'eclairage  relatif  de  ladite  lam- 
pe  a  decharge  (10)  par  rapport  a  I'eclairage  a  in- 
tensity  nominale  est  superieur  a  un  niveau  prede- 
termine. 

2.  Dispositif  selon  la  revendication  1,  dans  lequel 
lesdits  moyens  (53D,  53E)  d'arret  de  superposi- 
tion  comportent  une  pluralite  de  circuits  de 
commutation  (53E1,  53E2)  qui  sont  connectes 
mutuellement  en  parallele  par  rapport  a  ladite 
lampe  a  decharge  (10),  et  ledit  rapport  d'eclaira- 
ge  relatif  superieur  audit  niveau  predetermine  est 
regie  pouretre  different  pourchacun  desdits  cir- 
cuits  de  commutation. 

3.  Dispositif  selon  la  revendication  1  ,  dans  lequel  le- 
dit  moyen  d'arret  de  superposition  comporte  un 
moyen  (SW1)  de  commutation  de  commande  de 
la  puissance  en  courant  continu  pour  arretersen- 
siblement  ladite  superposition  de  la  puissance  en 
courant  continu  lorsque  ledit  rapport  d'eclairage 
relatif  excede  un  niveau  predetermine. 

4.  Dispositif  selon  la  revendication  3,  qui  comporte 
en  outre  un  moyen  (SW2)  de  commutation  pour 
empecher  les  surintensites,  connecte  en  paralle- 
le  avec  ledit  moyen  de  commutation  de  comman- 
de  de  la  puissance  en  courant  continu  pour  la 
conduction  lors  de  I'amorce  de  ladite  lampe  a  de- 
charge. 

5.  Dispositif  selon  la  revendication  4,  dans  lequel  le- 
dit  moyen  (SW1)  de  commutation  de  commande 
de  la  puissance  en  courant  continu  et  ledit  moyen 
(SW2)  de  commutation  pour  empecher  les  surin- 
tensites  sont  formes  par  un  moyen  de  commuta- 
tion  commun. 

6.  Dispositif  selon  la  revendication  1  ,  dans  lequel  le- 
dit  eclairage  relatif  de  ladite  lampe  a  decharge 
(10)  par  rapport  a  I'eclairage  a  une  intensite  no- 
minale  est  inferieura  20  %  lors  d'une  faible  lueur 
de  flux  de  lumiere,  et  ledit  moyen  (53)  d'alimen- 

tation  en  puissance  en  courant  continu  comporte 
des  moyens  (53B,  53C)  pour  reguler  ladite  ali- 
mentation  de  ladite  puissance  en  courant  continu 
conformement  a  un  niveau  de  lueur. 

5 
7.  Dispositif  selon  la  revendication  1,  dans  lequel 

I'eclairage  relatif  de  ladite  lampe  a  decharge  (10) 
par  rapport  a  I'eclairage  a  I'intensite  nominale  est 
de  5  %  lors  d'une  faible  lueur  de  flux  de  lumiere, 

10  et  ledit  moyen  (53)  d'alimentation  en  puissance 
en  courant  continu  comporte  des  moyens  (53B, 
53C)  pour  reguler  ladite  alimentation  en  puissan- 
ce  en  courant  continu  conformement  a  un  niveau 
de  lueur. 

15 
8.  Dispositif  selon  la  revendication  7,  dans  lequel  le- 

dit  moyen  (53)  d'alimentation  en  puissance  en 
courant  continu  comporte  des  moyens  (53D-53F) 
pour  arreter  la  superposition  de  la  puissance  en 

20  courant  continu  lorsque  le  rapport  d'eclairage  re- 
latif  de  ladite  lampe  a  decharge  (10)  par  rapport 
a  I'eclairage  a  I'intensite  nominale  est  superieur 
a  un  niveau  predetermine. 

25  9.  Dispositif  selon  la  revendication  8,  dans  lequel 
lesdits  moyens  (53D-53F)  d'arret  de  superposi- 
tion  comportent  une  pluralite  de  circuits  de 
commutation  (53F1  ,  53F2,  ...)  qui  sont  connectes 
mutuellement  en  parallele  par  rapport  a  ladite 

30  lampe  a  decharge  (10),  et  ledit  rapport  d'eclaira- 
ge  relatif  superieur  audit  niveau  predetermine  est 
different  pourchacun  desdits  circuits  de  commu- 
tation  (53F1,  53F2,  ...). 

35  10.  Dispositif  selon  la  revendication  8,  dans  lequel  le- 
dit  moyen  d'arret  de  superposition  comporte  un 
moyen  (SW1)  de  commutation  de  commande  de 
la  puissance  en  courant  continu  pour  arreter  sen- 
siblement  ladite  superposition  de  la  puissance  en 

40  courant  continu  lorsque  ledit  rapport  d'eclairage 
relatif  excede  un  niveau  predetermine. 

11.  Dispositif  selon  la  revendication  10,  qui  comporte 
en  outre  un  moyen  (SW2)  de  commutation  pour 

45  empecher  les  surintensites,  connecte  en  paralle- 
le  avec  ledit  moyen  (SW1)  de  commutation  de 
commande  de  la  puissance  en  courant  continu 
pour  la  conduction  lors  de  I'amorce  de  ladite  lam- 
pe  a  decharge. 

50 
12.  Dispositif  selon  la  revendication  7,  qui  comporte 

en  outre  un  moyen  (77)  pour  arreter  sensible- 
ment  ladite  superposition  de  ladite  puissance  en 
courant  continu  en  reponse  a  un  signal  (S11)pour 

55  mettre  ladite  lampe  a  decharge  (1  0)  hors  service. 

13.  Dispositif  selon  la  revendication  7,  qui  comporte 
en  outre  un  moyen  (99)  de  detection  d'anomalies 

22 
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pour  detecter  un  etat  anormal  de  ladite  lampe  a 
decharge  (10)  en  detectant  ladite  puissance  en 
courant  continu  appliquee  a  ladite  lampe  a  de- 
charge  en  provenance  dudit  moyen  (93)  d'ali- 
mentation  en  puissance  en  courant  continu.  5 

14.  Dispositif  selon  la  revendication  13,  qui  comporte 
en  outre  un  moyen  (92)  pour  arreter  ladite  appli- 
cation  de  ladite  puissance  haute  frequence  a  la- 
dite  lampe  a  decharge  (1  0)  par  ladite  source  (91  )  10 
d'alimentation  haute  frequence  lorsque  ledit 
moyen  (99)  de  detection  d'anomalies  detecte  un 
etat  anormal. 

15.  Dispositif  selon  la  revendication  7,  qui  comporte  15 
en  outre  un  moyen  (119)  pour  detecter  un  etat 
non  eclaire  de  ladite  lampe  a  decharge  (10)  en 
detectant  le  niveau  de  ladite  puissance  en  cou- 
rant  continu  appliquee  a  la  lampe  a  decharge  par 
ledit  moyen  d'alimentation  en  puissance  en  cou-  20 
rant  continu. 

16.  Dispositif  selon  la  revendication  15,  qui  comporte 
en  outre  un  moyen  (112)  de  reeclairage  pour  ef- 
fectuer  une  commande  de  reeclairage  lorsque  le  25 
moyen  (119)  de  detection  d'etat  non  eclaire  de- 
tecte  un  etat  non  eclaire. 

17.  Dispositif  selon  la  revendication  1,  dans  lequel, 
pour  eclairer  faiblement  ladite  lampe  a  decharge  30 
(1  0)  et  obtenir  un  faible  flux  de  lumiere,  le  moyen 
(12)  de  commande  de  la  puissance  haute  fre- 
quence  est  apte  a  conduire  le  courant  de  la  lampe 
a  etre  reduit,  et  dans  lequel  les  moyens  (13;  43; 
53)  d'alimentation  en  puissance  en  courant  conti-  35 
nu  sont  aptes  a  maintenir  une  composante  de 
puissance  en  courant  continu  du  courant  de  la 
lampe  a  des  niveaux  de  faible  flux  de  lumiere,  a 
unevaleursuffisante  pour  produire  une  decharge 
a  lueurs.  40 
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