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©  Method  of  hot  restarting  electrodeless  hid  lamps. 

©  A  method  for  shutting  off  an  electrodeless 
lamp  such  that  it  can  be  restarted  instan- 
taneously  at  any  time  involves  reducing  the 
applied  microwave  power  in  a  controlled  way 
the  moment  the  lamp  is  turned  off.  The  reduc- 
tion  of  power  is  accomplished  by  modulating 
the  microwave  power  with  an  ever  decreasing 
duty  factor  or  a  decrease  of  analog  power.  This 
reduction  in  power  results  continually  in  re- 
duced  light  output  and  lamp  cooling  while 
maintaining  partial  ionization  of  the  lamp  fill.  A 
circuit  for  carrying  out  this  method  includes  a 
photodiode  (42)  for  sensing  light  output  from 
the  lamp  (40)  and  coupled  to  a  control  circuit 
(44)  and  a  switch  (48)  for  controlling  application 
of  power  to  the  lamp  (40)  from  a  microwave 
power  supply  (50). 

CM 
<  

CO 
o  
o> 

o— 
I  —  o  zcr  o— OO 

i  1  —  i  2^ 

S ^ t   —  4  —  S |   4  i <  o S -   o=r   ̂ o  —  i cco^  irco  az  -> 
S  <t  SO-  s  g  

Q. 
LU 

Jouve,  18,  rue  Saint-Denis,  75001  PARIS 



1 EP  0  490  647  A2 2 

This  invention  relates  to  restarting  electrodeless 
high  intensity  discharge  (HID)  lamps  and  more  par- 
ticularly,  to  a  method  and  apparatus  for  shutting  down 
electrodeless  HID  lamps  so  that  they  may  be  restarted 
instantaneously. 

During  normal  operation  of  an  electrodeless  HID 
lamp,  continuous  microwave  power  is  supplied  to  the 
lamp.  Generally,  electrodeless  discharge  lamps  are 
operated  by  a  microwave  field  with  a  constant  power 
level.  Breakdown  of  the  hot  gas  within  the  electrode- 
less  discharge  vessel  is  achieved  by  capacitively  cou- 
pling  high  voltage  pulses  through  the  quartz  wall. 
Under  fixed  microwave  power  and  high  voltage  pulse 
conditions,  the  discharge  will  fail  to  restart  during  well 
defined  intervals  in  the  cooling  phase  even  though 
gaseous  breakdown  occurs  within  the  vessel. 

Although  high  voltage  pulses  can  in  some  cir- 
cumstances  be  used  to  restart  electrodeless  lamps, 
there  are  problems  associated  with  such  methods. 
These  problems  include  surface  breakdown  around 
the  arc  tube  from  the  high  voltage  pulses  and  the 
safety  concern  of  the  high  voltage  source.  The  pre- 
sent  invention  discloses  a  method  and  apparatus  for 
restarting  hot  electrodeless  lamps  without  using  high 
voltages. 

The  present  invention  describes  a  method  and 
apparatus  for  shutting  off  an  electrodeless  lamp  in  a 
manner  that  allows  for  instantaneous  restart.  The 
method  involves  reducing  the  applied  microwave 
power  in  a  controlled  way  when  the  lamp  is  turned  off. 
The  reduction  in  power  results  in  continually  reduced 
light  output  and  lamp  cooling  while  maintaining  ioni- 
zation  of  the  lamp  fill. 

The  circuitry  to  accomplish  this  controlled  shut 
down  comprises  a  photodiode  which  senses  visible 
radiation  from  the  electrodeless  lamp  and  provides  an 
output  signal.  The  output  signal  is  amplified  by  an 
inverting  operational  amplifier  and  subsequently 
coupled  to  a  second  inverting  operational  amplifier.  A 
current  source  is  also  coupled  to  the  second  oper- 
ational  amplifier  which  provides  a  steadily  increasing 
negative  current.  The  output  of  this  second  oper- 
ational  amplifier  is  coupled  to  a  switch  means  which 
controls  the  microwave  power  applied  to  the  elec- 
trodeless  lamp. 

In  the  drawings: 
FIGURE  1  shows  a  block  diagram  for  electrode- 
less  lamp  operation  and  hot  restart  capability; 
FIGURE  2  shows  the  forward  power  during  lamp 
shutdown  using  pulsed  microwave  power; 
FIGURE  3  shows  the  forward  power  during  lamp 
shutdown  using  pulsed  microwave  power; 
FIGURE  4  shows  a  block  diagram  of  an  electronic 
circuit  used  to  control  the  lamp  during  the  cool- 
down  phase; 
FIGURE  5  shows  an  electronic  control  circuit  for 
practicing  the  present  invention; 
FIGURE  6  shows  a  current  source  for  supplying 

a  signal  to  the  control  circuit  of  Fig.  5; 
FIGURE  7  shows  the  short-term  response  of  the 
control  circuit  of  Figs.  5  and  6; 
FIGURE  8  shows  the  long  term  response  of  the 

5  control  circuit  of  Figs.  5  and  6; 
FIGURE  9  shows  an  alternative  electronic  control 
circuit  for  practicing  the  present  invention; 
FIGURE  10  shows  the  light  output  response  of 
the  control  circuit  of  Fig.  9; 

10  FIGURE  1  1  shows  the  switch  turn-off  circuit  for 
transistor  T2  used  in  Fig.  9;  and 
FIGURE  12  shows  a  complete  circuit  for  practic- 
ing  the  present  invention. 
For  a  better  understanding  of  the  present  inven- 

15  tion  together  with  other  objects,  advantages  and 
capabilities  thereof,  reference  is  made  to  the  following 
description  and  appended  claims  in  connection  with 
the  above  described  drawing. 

In  the  normal  operating  mode  of  an  electrodeless 
20  HID  lamp,  continuous  microwave  power  is  supplied  to 

the  lamp.  In  the  present  invention  the  hot  restart  con- 
dition  is  achieved  through  controlled  reduction  of  the 
microwave  power  at  the  time  at  which  the  lamp  is 
switched  off. 

25  One  way  to  control  the  power  reduction  is  to  mod- 
ulate  the  microwave  power  between  on  and  off  states 
at  megahertz  frequencies  with  a  decreasing  duty  fac- 
tor.  A  significant  initial  drop  in  light  intensity  can  be 
obtained,  followed  by  a  more  gradual  reduction  as  the 

30  lamp  cools.  With  the  proper  power  reduction  rate,  a 
discharge  is  maintained  during  the  entire  cooling 
period  and  is  returned  to  its  fully  conducting  state 
each  time  the  microwave  power  is  restored.  In  this 
mode  of  lamp  shut  down  the  rate  of  power  reduction, 

35  and  therefore  time  required  to  fully  extinguish  the 
lamp,  will  depend  on  the  cooling  rates  of  the  quartz 
vessel  and  interior  gas.  If  the  duty  factor  is  reduced 
too  abruptly  during  cool  down  the  lamp  will  extinguish. 

An  alternative  approach  to  controlled  power 
40  reduction  is  to  use  optical  sensing  and  electrical  feed- 

back  to  an  analog  microwave  power  switch  to  main- 
tain  the  light  output  at  a  desired  level.  This 
pre-programmed  desired  light  level  is  arranged  to 
have  an  initial  rapid  drop  followed  by  a  gradual  reduc- 

es  tion  to  the  level  typical  for  the  glow  discharge.  When 
this  circuit  is  placed  in  control  of  the  lamp,  the  power 
level  will  be  reduced  in  a  way  consistent  with  the 
required  reduction  in  light  level.  Once  the  discharge 
has  passed  into  the  glow  state,  the  microwave  power 

so  is  switched  off.  Alternatively,  the  circuit  can  provide 
power  ata  level  to  maintain  an  arc  permanently;  albeit 
at  a  low  light  level.  The  lamp  is  then  started  when  full 
power  is  applied.  This  method  has  the  advantage  of 
avoiding  the  transition  from  the  arc  to  the  glow  which 

55  is  the  region  of  instability  in  some  lamps. 
Fig.  1  shows  a  block  diagram  for  electrodeless 

lamp  operation  and  hot  restart  capability  for  the  pre- 
sent  invention.  In  the  experimental  setup,  a  pin  diode 
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switch  (not  shown)  within  the  microwave  power 
source  10  is  used  to  interrupt  the  microwave  signal 
provided  to  the  amplifier  by  the  microwave  oscillator 
12.  Alternatively  the  pin  diode  switch  could  be  elimi- 
nated  and  interrupt  modulation  could  be  applied  to  the 
oscillator  power  source.  In  either  case,  microwave 
power  delivered  to  the  lamp  is  zero,  during  the  inter- 
ruption.  A  Wavetek  function  generator  is  used  in  the 
experimental  setup  to  switch  the  pin  diode  during 
lamp  cooling.  During  normal  operation  the  pin  diode 
switch  is  always  closed. 

To  explore  the  capabilities  of  this  mode  of  hot  res- 
tart,  the  output  from  the  function  generator  was  set  up 
to  provide  a  constant  period  (e.g.  240  ns.)  with  inter- 
rupted  power  over  a  wide  frequency  range.  In  this  way 
the  lamp  on-time,  and  thus  the  duty  factor  was  varied 
by  changing  the  waveform  frequency  output  from  the 
function  generator.  By  slowly  increasing  the  fre- 
quency  on  the  generator,  the  power  delivered  to  the 
lamp  decreases  and  the  lamp  cools.  With  careful  fre- 
quency  adjustment  the  lamp  was  brought  down  from 
full  arc  operation  at  26  W  to  a  diffuse  cool  discharge 
operating  at  70  mW  in  approximately  60  seconds.  The 
lamp  restarts  to  full  power  at  any  point  during  the  shut 
down  phase  if  continuous  microwave  power  output  is 
reestablished.  After  the  cool  diffuse  discharge  is 
attained  in  the  shutdown  process  the  lamp  may  be 
completely  extinguished  and  subsequently  restarted 
at  any  moment  thereafter  as  a  cold  start  perhaps  with 
the  assistance  of  UV  illumination.  High  voltage  pulses 
are  not  required  for  cold  lamps  due  to  the  low  pressure 
buffer  gas  mixture  used  in  these  lamps. 

Figs.  2  and  3  show  the  power  delivered  to  the 
lamp  at  different  duty  factors  during  a  lamp  shutdown. 
The  high  level  represents  the  amount  of  time  the 
power  is  off  (this  is  240  nanoseconds  for  both  cases) 
and  the  lower  levels  represent  the  period  of  time 
power  is  being  delivered  to  the  lamp.  For  Fig.  2  the  on 
time  is  690  nanoseconds  and  for  Fig.  3  the  on  time  is 
96  nanoseconds.  At  the  duty  factor  shown  in  Fig.  2, 
the  lamp  dims  considerably  in  comparison  to  the  con- 
tinuous  power  operating  mode. 

Following  satisfactory  laboratory  demonstration 
of  the  concept  as  described  above  and  shown  in  Figs. 
2  and  3,  a  simple  electronic  circuit  was  built  to  control 
the  lamp  during  the  cool-down  phase.  A  block  diag- 
ram  of  the  system  is  shown  in  Fig.  4.  This  consists  of 
a  lamp  40,  a  photocell  42  to  sense  the  light  level,  an 
electronic  control  circuit  44  which  amplifies  the  photo- 
cell  output  and  provides  a  DC  voltage  to  a  PIN  diode 
switch  48,  and  the  microwave  power  source  or 
amplifier  50.  The  PIN  diode  switch  48  is  placed  be- 
tween  the  microwave  oscillator  49  and  power 
amplifier  50.  Although  primarily  intended  as  a  digital 
switch,  the  output  of  the  switch  48  is  a  sufficiently 
gradual  function  of  the  input  control  voltage  to  allow, 
it  to  function  satisfactorily  as  an  analog  power  control 
device.  The  performance  of  this  switch  is  such  that 

maximum  power  is  supplied  if  a  control  voltage  of  -7 
volts  is  applied.  The  power  falls  slowly  at  first  as  the 
control  voltage  is  increased,  then  more  rapidly  as  the 
control  voltage  exceeds  -4  volts.  The  power  becomes 

5  essentially  zero  above  -2.5  volts. 
The  lamp  used  in  the  experiments  had  a  length  of 

10  mm,  an  outer  diameter  of  4  mm  and  an  inner 
diameter  of  3  mm.  The  mercury  content  within  the 
lamp  was  0.89  mg.  The  buffer  gas  within  the  lamp  was 

10  neon  at  20  torr  pressure.  In  addition,  .26  mg  of  NaScl4 
was  added  to  the  fill  which  was  comprised  of  a  12:1 
molar  ratio  of  Nal  and  Scl3.  The  dimensions  and  fill 
characteristics  of  the  lamp  affect  its  response  to  the 
electronic  control  circuit  described  below. 

15  The  important  features  of  the  electronic  control 
circuit  can  be  understood  with  reference  to  Fig.  5.  The 
output  from  the  photocell  is  supplied  to  the  inverting 
input  of  the  operational  amplifier  OP1  ,  with  the  non- 
inverting  input  connected  to  ground.  The  gain  of  this 

20  amplifier  stage  is  determined  by  the  ratio  of  resistors 
R2/R1  .  The  output  from  this  first  stage  is  fed  to  the 
inverting  input  of  a  second  stage  of  amplification  OP2. 
In  this  case,  the  non-inverting  input  is  connected  to  a 
negative  reference  potential  -Vref.  The  gain  of  this  sec- 

25  ond  stage  is  the  ratio  R4/R3.  In  the  absence  of  any 
signal  from  the  photocell,  the  output  from  OP1  will  be 
zero,  while  that  from  OP2  will  be  -Vref  multiplied  by 
(R4/R3).  This  is  arranged  to  be  about  -7  volts.  When 
this  voltage  is  applied  to  the  PIN  diode  switch, 

30  maximum  power  is  delivered  from  the  microwave 
power  source  to  the  lamp.  As  the  light  level  rises,  the 
output  from  the  photocell  rises.  This  change  in  input 
signal  is  then  amplified  by  OP1  and  OP2,  providing  an 
increasing  (less  negative)  signal  to  the  switch.  This 

35  decreases  the  power  to  the  lamp,  and  at  some  light 
level  the  system  comes  into  equilibrium.  The  circuit 
will  then  continue  to  control  the  light  level  at  this  value 
indefinitely. 

In  practice,  the  light  level  is  initially  at  its 
40  maximum  value  and  is  not  under  the  control  of  this  cir- 

cuit.  At  the  moment  when  the  lamp  is  switched  off,  the 
circuit  is  put  into  control.  Since  it  senses  a  high  light 
level  its  output  voltage  rises  to  a  positive  value, 
thereby  cutting  off  microwave  power  to  the  lamp.  As 

45  the  light  level  drops,  the  output  voltage  from  the  circuit 
becomes  increasingly  negative.  At  some  point  the 
PIN  diode  switch  allows  microwave  power  to  be  re-ap- 
plied  to  the  lamp,  which  now  is  controlled  at  the  des- 
ired  light  level.  This  light  level,  which  applies  to  the 

so  situation  immediately  after  turn-off,  is  set  as  low  as  is 
practicable  subject  to  constraints  to  be  discussed 
later.  A  typical  value  is  10%  of  the  continuous  level 
before  switch-off. 

Continuous  cooldown  of  the  lamp  to  the  glow  con- 
55  dition  is  achieved  by  feeding  a  gradually  increasing 

negative  current  into  the  inverting  input  of  OP2,  desig- 
nated  as  point  A  in  Figure  5.  This  current  is  in  the 
same  direction  as  photocurrent  originating  from  the 

3 
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photocell  and  amplified  by  OP1  before  being  fed  to  the 
same  point.  Therefore,  OP2  interprets  this  current  as 
being  due  to  increased  light  intensity,  and  decreases 
power  to  the  lamp  in  order  to  maintain  control  at  what 
it  believes  to  be  a  constant  light  level.  The  net  result 
is  a  steady  decrease  in  light  level  until  the  lamp  enters 
the  glow  state.  At  this  point  a  simple  timer  circuit  can 
be  used  to  remove  power  to  the  lamp  and  to  disable 
the  control  circuit  in  preparation  for  the  next  appli- 
cation  of  power  to  the  lamp.  Alternatively,  the  lamp 
can  be  maintained  so  that  the  arc  is  on  permanently 
in  a  low  power  mode  in  which  little  light  is  emitted. 

The  negative  current  supplied  to  point  A  is  gen- 
erated  by  the  circuit  shown  in  Fig.  6.  This  consists  of 
a  simple  capacitor  charging  circuit  with  a  time  con- 
stant  given  by  R5  and  C1,  which  supplies  a  potential 
to  the  gate  of  the  P-channel  FETT1.  This  is  operated 
as  a  source-follower  with  the  output  supplied  through 
resistor  R6  to  point  A  in  Fig.  5.  Too  rapid  cooldown  can 
result  in  lamp  instability.  A  cooling  time  of  about  2 
minutes  is  adequate  to  ensure  successful  operation. 
Since  the  insulated  gate  of  transistor  T1  will  store 
charge  for  long  periods  of  time,  it  is  necessary  for  the 
timer  circuit  to  discharge  this  capacitor  before  subse- 
quent  use. 

Fig.  7(a)  and  7(b)  shows  the  short-term  response 
of  the  control  circuit.  The  upper  trace  (Fig.  7(a))  rep- 
resents  the  microwave  power  applied  to  the  lamp  with 
zero  at  the  top  and  power  increasing  in  the  down- 
wards  direction.  The  scale  is  in  arbitrary  units.  The 
expanded  scale  shows  that  power  is  re-applied  about 
2.5  ms  after  turn-off  in  this  case.  The  lower  trace  (Fig. 
7(b))  represents  the  light  level,  which  is  brought  under 
control  at  about  1  3%  of  the  initial  level  after  about  2.5 
ms.  The  traces  labeled  a  and  b  on  each  trace  of  Fig. 
7(a)  and  (b)  refer  to  the  time  scale  used.  The  b  traces 
use  the  7(b)  time  scale  (1  0  ms  per  division)  and  the  a 
traces  use  the  7(a)  time  scale  (1  ms  per  division).  Fig. 
8(a)  and  8(b)  show  the  microwave  power  decreasing 
(Fig.  8(a))  and  the  light  level  decreasing  (Fig.  8(b)) 
over  a  period  of  two  minutes,  after  which  the  lamp  is 
in  the  glow  state. 

A  critical  factor  affecting  the  performance  of  this 
circuit  is  the  "deionization  time"  of  the  lamp-power 
supply  system.  Deionization  time  is  defined  here  to  be 
the  maximum  time  that  the  microwave  power  may  be 
removed  while  ensuring  that  the  lamp  will  re-ignite 
when  the  power  is  re-applied.  This  is  critical  since,  as 
explained  previously,  the  circuit  initially  removes 
microwave  power  and  then  restores  it  when  the  light 
level  has  fallen  to  the  predetermined  value.  However, 
the  decay  time  of  the  light  is  not  negligible  and  has  a 
noticeable  tail  as  the  light  is  reduced  to  a  low  value. 
The  consequence  is  that,  for  a  given  deionization 
time,  the  initial  controllable  light  level  after  turn-off  is 
limited  to  values  such  that  the  decay  time  is  shorter. 
The  deionization  time  is  a  function  of  the  mercury 
pressure  and  chemical  additives  within  the  lamp,  and 

of  the  effectiveness  of  the  structure  that  couples 
microwave  power  into  the  lamp,  in  addition  to  the 
power  level  and  frequency  output  of  the  power 
source.  Typical  times  range  from  0.5  ms  to  3  ms.  The 

5  decay  time  of  the  full  spectrum  of  visible  light  is  in  the 
region  of  2  ms.  Some  advantage  may  be  gained  by 
utilizing  the  mercury  line  at  5770A  (isolated  by  an 
appropriate  filter)  as  the  input  to  the  photocell.  This 
has  the  advantage  of  a  considerably  faster  decay 

10  (about  0.5  ms)  which  allows  for  control  at  a  lower  level 
of  this  light  (4%  of  the  full  on-state  light  has  been 
achieved).  However  this  advantage  is  off-set  to  some 
degree  by  the  fact  that  the  relationship  between  the 
full  visual  spectrum  intensity  and  that  of  the  5770  line 

15  is  not  simple,  and  the  reduction  in  the  full  spectrum 
light  is  less  than  that  of  the  5770  line. 

An  alternative  solution  to  this  problem  is  to  use  a 
two-stage  reduction  in  light  level  rather  than  a  single 
stage.  This  is  accomplished  by  the  control  circuit 

20  shown  in  Fig.  9.  The  essential  difference  is  the  split- 
ting  of  resistor  R2  in  Figure  5  into  two  parts,  R2a  and 
R2b.  Resistor  R2b  is  initially  shorted  by  the  P-channel 
transistor  T2.  When  the  lamp  is  turned  off,  the  gain  of 
the  first  stage  of  the  control  circuit  is  set  by  the  ratio 

25  R2a/R1  .  This  sets  the  controlled  light  level  at  a  value 
such  that  the  decay  time  is  comfortably  less  than  the 
deionization  time.  After  a  period  of  time  adequate  for 
the  circuit  to  assume  control  (a  few  tens  of  mil- 
liseconds),  transistor  T2  is  switched  off,  allowing  R2b 

30  to  enter  the  circuit.  This  increases  the  circuit  gain  of 
the  first  stage  to  (R2a+R2b)/R1,  and  decreases  the 
controlled  light  level  accordingly.  Because  of  the  ini- 
tial  rapid  drop  of  light  intensity  from  the  first  control 
level,  it  is  possible  to  achieve  a  substantial  light  inten- 

35  sity  reduction  at  this  second  stage  while  still  maintain- 
ing  the  decay  time  less  than  the  deionization  time. 
Substantial  overall  improvement  in  initial  light  reduc- 
tion,  while  still  maintaining  stable  operation,  is 
achieved  by  using  this  two-stage  process.  In  Fig.  10, 

40  an  overall  decrease  in  light  level  to  about  5%  of  the 
original  value  was  achieved  within  30  ms  of  the  time 
of  turn-off.  A  circuit  which  delays  the  switch-off  of  tran- 
sistor  T2  and  thus  provides  the  two-stage  turn-off  is 
shown  in  Fig.  1  1  .  When  the  lamp  is  in  its  fully  on  state, 

45  switch  SW1  is  closed,  which  connects  the  PIN  switch 
directly  to  -10  volts.  Diode  D1  protects  the  output  of 
OP2  from  this  negative  voltage.  In  this  condition,  tran- 
sistors  T3  and  T5  are  off,  transistors  T4  and  T2  are  on 
and  resistor  R2b  is  shorted.  When  the  lamp  is  to  be 

so  turned  off,  SW1  is  opened  and  the  lamp  is  placed 
under  the  control  of  the  circuit.  The  output  of  OP2 
swings  positive,  temporarily  cutting  off  power  to  the 
lamp.  Co-incident  with  this,  transistor  T3  is  turned  on. 
After  a  delay  set  by  the  time  constant  R8  multiplied  by 

55  C2,  T4  is  turned  off,  T5  on  and  T2  off.  This  latter  step 
inserts  resistor  R2b  into  the  circuit  and  initiates  the 
second  stage  of  the  light  reduction  as  previously  des- 
cribed. 

4 
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While  it  is  possible  to  extend  this  concept  to  a  mul- 
ti-stage  reduction  in  light  level,  the  benefits  become 
progressively  smaller  for  increased  number  of  stages. 

A  diagram  of  the  complete  circuit  incorporating 
the  control  circuit  of  Figure  9,  the  switch  turn-off  circuit 
of  Figure  11,  and  the  current  source  of  Figure  6  is 
shown  in  Figure  12. 

While  there  has  been  shown  and  described  what 
are  at  present  considered  the  preferred  embodiments 
of  the  invention,  it  will  be  obvious  to  those  skilled  in  the 
art  that  various  alterations  and  modifications  may  be 
made  therein  without  departing  from  the  scope  of  the 
invention. 

Claims 

1  .  A  method  of  operating  a  microwave  powered  arc 
discharge  electrodeless  lamp  switched  to  an  off 
condition  comprising: 

interrupting  microwave  power  supplied  to 
the  lamp  at  a  frequency  to  cause  a  decrease  in 
optical  emission  of  the  lamp  and  for  the  lamp  fill 
to  remain  partially  ionized; 

shutting  off  microwave  power  to  the  lamp 
after  a  predetermined  time. 

2.  A  method  of  operating  a  microwave  powered  arc 
discharge  electrodeless  lamp  switched  to  an  off 
condition  comprising: 

decreasing  microwave  power  supplied  to 
the  lamp  to  cause  a  decrease  in  optical  emission 
of  the  lamp  fill  and  for  the  lamp  fill  to  remain  par- 
tially  ionized; 

shutting  off  microwave  power  to  the  lamp 
after  a  predetermined  time. 

3.  A  method  of  operating  an  arc  discharge  elec- 
trodeless  lamp  switched  to  an  off  condition  com- 
prising: 

interrupting  microwave  power  supplied  to 
the  lamp  at  a  frequency  lowering  the  duty  factor 
wherein  the  optical  emission  of  the  lamp  is  dec- 
reased  and  the  lamp  fill  contained  in  the  lamp 
remains  partially  ionized  thereby  allowing  the 
lamp  to  cool. 

4.  The  method  according  to  claim  3  wherein  the  duty 
factor  is  lowered  to  a  predetermined  minimum 
level  so  that  the  lamp  remains  ionized  at  a  low 
level  after  cooling. 

5.  A  method  of  operating  an  arc  discharge  elec- 
trodeless  lamp  switched  to  an  off  condition  com- 
prising: 

decreasing  microwave  power  supplied  to 
the  lamp  wherein  the  optical  emission  of  the  lamp 
is  decreased  and  the  lamp  fill  contained  in  the 

lamp  remains  partially  ionized  so  that  the  lamp 
cools. 

6.  The  method  according  to  claim  5  wherein  the  opti- 
5  cal  emission  of  the  lamp  is  continuously  main- 

tained  at  a  low  level. 

7.  An  apparatus  for  shutting  off  an  arc  discharge 
electrodeless  lamp  comprising: 

10  a  photodiode  capable  of  sensing  visible 
radiation  and  generating  a  signal  corresponding 
to  the  visible  radiation; 

signal  amplification  means  coupled  to  the 
photodiode  and  capable  of  generating  a  DC  sig- 

15  nal  in  response  to  a  ,  signal  from  the  photodiode; 
switch  means  coupled  to  the  signal  ampli- 

fication  means  wherein  the  switch  means  pro- 
vides  an  analog  signal  in  response  to  the  DC 
signal;  and 

20  a  microwave  power  supply  which  supplies 
power  to  the  electrodeless  lamp  and  is  coupled  to 
said  switch  means  so  that  power  to  the  electrode- 
less  lamp  is  reduced  in  response  to  the  analog 
signal  from  said  switch  means. 

25 
8.  The  apparatus  of  claim  7  wherein  the  signal 

amplification  means  comprises: 
a  first  operational  amplifier  wherein  the 

signal  provided  from  the  photodiode  is  coupled  to 
30  the  inverting  input,  said  first  operational  amplifier 

providing  an  output  signal; 
a  second  operational  amplifier  wherein  the 

output  of  the  first  operational  amplifier  is  coupled 
to  the  inverting  input  of  the  second  operational 

35  amplifier  said  second  operational  amplifier  provi- 
ding  an  output  signal  which  is  coupled  to  said 
switch  means;  and 

a  current  source  coupled  to  the  inverting 
input  of  the  second  operational  amplifier,  said 

40  current  source  providing  a  gradually  increasing 
negative  current. 

9.  The  apparatus  of  claim  8  wherein  said  current 
source  comprises: 

45  a  capacitor  charging  circuit  having  a 
capacitor  and  a  resistor  coupled  to  a  negative 
voltage;  and 

a  p-channel  field  effect  transistor  which 
receives  a  potential  from  said  charging  circuit, 

so  said  field  effect  transistor  providing  a  current  out- 
put. 

10.  The  apparatus  of  claim  7  wherein  the  switch 
means  comprises  a  PIN  diode  switch. 

55 
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