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Description 

The  invention  relates  to  a  low  pressure  gas  dis- 
charge  lamp  comprising  an  envelope,  first  and  sec- 
ond  electrodes  disposed  within  said  envelope,  an  ion- 
izable  gas  filling  said  envelope,  said  gas  becoming  a 
charged  plasma  when  a  current  flows  between  said 
first  and  second  electrodes,  and  comprising  a  con- 
ductive  grid  disposed  within  said  envelope  so  as  to  in- 
tercept  the  plasma  between  the  lamp  electrodes, 
which  lamp  is  provided  with  means  for  electrical  con- 
nection  to  said  grid. 

A  lamp  according  to  the  preamble  is  known  from 
CA-A-685386. 

Fluorescent  lamps  are  in  wide  use  because  of 
their  relatively  high  efficiency,  low  cost  and  long  life. 
Af  luorescent  lamp  is  a  low  pressure  mercury  gas  dis- 
charge  lamp.  As  with  all  gas  discharge  lamps,  fluor- 
escent  lamps  have  a  negative  resistance  characteris- 
tic  and  require  ballast  circuitry  to  prevent  current  run- 
away.  For  many  years  the  conventional  ballast  has 
been  a  copper/iron  choke.  However,  in  recent  years, 
electronic  ballasts  for  gas  discharge  lamps  have  be- 
come  increasingly  popular  in  the  lighting  industry. 
Apart  from  being  more  efficient  than  the  conventional 
choke,  the  electronic  ballast  is  lighter  and  offers  the 
possibility  of  adding  additional  control  features  to  the 
lamp  such  as  dimming  and  lamp  power  stabilization. 
A  disadvantage  of  electronic  ballasts  is  their  high 
price  due  in  part  to  their  requirement  for  the  use  of  rel- 
atively  expensive  solid  state  power  switches  in  the 
control  circuitry.  Asol  id  state  power  switch  is  relative- 
ly  expensive  and  must  carry  large  amounts  of  current. 
As  such,  the  heat  generated  solid  state  power  switch 
is  not  inconsequential  and  must  be  factored  into  the 
design  of  the  ballast  circuitry. 

The  present  invention  is  characterized  in  that  the 
said  grid  comprises  a  mesh  of  20  to  72  mesh/cm. 

The  present  invention  provides  a  lamp  design  in 
which  the  lamp  itself  functions  as  part  of  its  own  driver 
circuitry.  The  lamp  itself  operates  as  its  own  active 
high  current  component  eliminating  the  need  for  high 
current  devices  in  the  electronic  ballast/driving  circui- 
try. 

A  lead  wire  extends  from  the  grid  to  the  outside 
of  the  lamp  envelope.  When  the  grid  is  provided  with 
a  negative  voltage  with  respect  to  the  surrounding 
plasma  the  lap  may  be  switched  off.  The  grid  control- 
led  lamp  eliminates  the  need  for  a  solid  state  power 
switch  in  the  ballast  circuitry.  As  such,  the  lamp  cur- 
rent  flows  only  through  the  lamp,  not  through  the  elec- 
tronic  ballast/lamp  driving  circuitry.  With  the  lamp 
current  removed  from  the  ballast  circuitry,  power  dis- 
sipation  problems  in  the  driver  circuitry  are  eliminat- 
ed.  Only  low  current  switches  in  the  driving  circuitry 
are  required  as  the  lamp  current  flows  only  through 
the  lamp  and  not  to  the  grid.  The  grid  controlled  lamp 
design  greatly  facilitates  circuit  design  and  integrated 

the  lamp  and  its  switching  function.  The  discharge 
lamp  may  be  a  fluorescent  lamp. 

For  a  better  understanding  of  the  invention  refer- 
ence  is  made  to  the  following  drawing  which  are  to  be 

5  taken  in  conjunction  with  the  detailed  specification  to 
follow: 

Fig.  1  is  a  sectional  view  of  a  first  embodiment  of 
a  grid  controlled  gas  discharge  lamp; 
Fig.  2  is  another  embodiment  of  a  grid  controlled 

10  discharge  lamp; 
Fig.  3a  is  a  schematic  diagram  of  the  circuitry 
which  may  be  utilized  to  test  the  operational  para- 
meters  of  grid  controlled  gaseous  discharge 
lamps,  Figs.  3b  and  3c  illustrate  the  lamp  voltage 

15  and  current  in  response  to  the  driving  pulses; 
Fig.  4  is  a  chart  of  the  minimum  grid  voltage  re- 
quired  to  interrupt  the  discharge  lamp  current  of 
the  lamp  of  Fig.  1  versus  lamp  currents;  at  differ- 
ing  mesh  sizes; 

20  Fig.  5  is  a  chart  of  minimum  grid  voltage  required 
to  interrupt  the  current  of  the  gaseous  discharge 
lamp  of  Fig.  2  versus  lamp  current  for  a  variety  of 
mesh  sizes; 
Fig.  6  is  a  chart  of  grid  current  as  a  function  of 

25  lamp  current  for  various  mesh  sizes;  and 
Fig.  7  is  a  circuit  diagram  utilizing  a  pair  of  grid 
lamps  mounted  in  a  "half-bridge"  like  configura- 
tion  with  the  grid  lamps  operating  as  the  control 
components  in  their  own  driver  circuitry. 

30  Fig.  1  illustrates  a  first  embodiment  of  a  grid  con- 
trolled  gas  discharge  lamp  constructed  in  accordance 
with  the  invention.  The  lamp  includes  the  usual  glass 
envelope  10  and  a  metallic  end  cap  12  which  includes 
the  usual  connectors  (not  shown)  for  connection  to 

35  the  source  of  lamp  current.  The  inner  surface  of  en- 
velope  10  is  coated  with  phosphors  which  fluoresce 
in  the  presence  of  a  plasma.  Conductive  feed- 
throughs  18,  20  extend  through  a  glass  stem  22  and 
are  connected  to  a  cathode  or  electrode  24.  This 

40  structure  is  a  conventional  fluorescent  lamp.  It  should 
also  be  noted  that  the  invention  is  also  applicable  to 
other  low  pressure  discharge  lamps  such  as  a  low 
pressure  sodium  vapor  lamp. 

A  cylindrical  support  tube  26  has  an  opening  28 
45  at  its  lower  portion  which  is  sealed  to  stem  22.  The  up- 

per  portion  of  support  tube  26  mounts  a  support  ring 
30  which  is  used  to  support  a  conductive  grid  32  so 
as  to  enclose  the  upper  opening  of  support  tube  26. 
A  spring  clip  34  surrounds  the  upper  portion  of  sup- 

50  port  tube  26  and  assures  that  grid  32  and  support  ring 
30  are  held  in  close  contact  with  support  tube  26. 
Spring  clip  34  is  held  in  place  by  a  circumferential  in- 
dentation  36  disposed  in  tube  36.  A  lead  wire  38  pro- 
vides  electrical  connection  through  lamp  stem  22  to 

55  grid  32.  In  this  manner,  the  control  voltage  may  be  ap- 
plied  to  grid  32. 

As  is  discussed  below,  grid  32  is  a  square  mesh 
tungsten  grid  of  about  70%  open  area,  with  the  f  ine- 
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ness  of  the  mesh  being  controlled  by  the  desired  cir- 
cuit  and  operational  parameters.  The  overall  design  of 
the  support  tube  26  is  not  critical.  The  only  important 
characteristic  is  that  the  electrons  flowing  from  elec- 
trode  24  must  pass  through  grid  32.  If  there  was  a 
path  around  grid  32,  the  lamp  would  not  function  as 
grid  32  would  be  unable  to  interrupt  the  electron  flow. 

Fig.  2  shows  an  exploded  view  of  a  second  em- 
bodiment  of  a  grid  controlled  fluorescent  lamp.  In  this 
drawing  the  same  reference  numerals  are  utilized  to 
indicate  like  structure  as  in  Fig.  1.  Lamp  envelope  10 
includes  an  inwardly  disposed  indentation  40  which 
serves  as  the  upperlimitand  seal  for  grid  32.  The  low- 
er  support  for  grid  32  is  formed  by  the  lead  wires  38. 
Lead  wires  38,  connected  to  grid  32,  run  within  hollow 
glass  tubes  42,  44  for  electrical  isolation  from  the 
plasma. 

In  operation  a  grid  disposed  in  an  ionized  gas 
plasma  by  virtue  of  its  bombardment  with  charged 
ions  and  electrons  will  be  placed  at  a  positive  voltage 
relative  to  the  cathode  which  is  at  0  volts.  In  this  ap- 
plication  this  voltage  on  the  grid  is  referred  to  as  the 
floating  voltage  (Vf1).  In  order  to  interrupt  the  current 
the  floating  voltage  must  be  overcome  before  driving 
the  grid  further  negative.  Figure  3a  shows  the  circuit 
thatwas  used  for  low  frequency  measurements  of  the 
grid  controlled  lamp.  Figs.  3b  and  3c  show  the  voltag- 
es  and  current  flowing  in  the  grid  controlled  lamp  in 
response  to  the  grid  driving  pulses  (GDRV).  The  lamp 
is  operated  from  a  voltage  source,  VDC,  ballasted  with 
a  resistor,  RDC.  Because  of  the  constant  lamp  current, 
the  plasma  is  in  a  well  defined  state.  DC  operation  is 
convenient  but  not  necessary.  S1  and  S2  are  high  vol- 
tage,  low  power  solid  state  switches  (MOSFET),  driv- 
en  by  a  solid  state  level  shifter  LS.  'GDRV  is  the  con- 
trol  signal  supplied  by  any  suitable  pulse  generating 
circuitry.  When  the  drive  signal  (GDRV)  is  high,  S2 
conducts  and  S1  is  off.  In  this  state,  the  lamp  is  on 
(l1a>0).  As  a  result,  the  grid  is  at  the  floating  potential, 
Vf1,  and  A  is  at  +AVg.  The  voltage  across  the  grid  ca- 
pacitor  Cg,  is  (AVg-Vf1).  To  prevent  shoot-through, 
turn-on  of  S1  and  S2  is  softened  a  bit  by  putting  a  330 
Q  resistor  in  series  with  the  gates. 

When  'GDRV  goes  low,  S1  turns  on  and  S2 
turns  off,  node  "A"  is  connected  to  ground  and  since 
the  voltage  across  Cg  is  still  (AVg-Vf1),  the  grid  is 
pulled  down  to  -(AVg-Vf1).  If  this  is  negative  enough, 
the  lamp  current  is  interrupted  (Ila=0)-  During  the  neg- 
ative  pulse,  the  grid  current  lg  discharges  Cg.  There- 
fore,  Cg  must  be  large  enough  to  maintain  a  sufficient- 
ly  negative  voltage  on  the  grid.  When  'GDRV  goes 
high  again,  A  is  connected  to  +AVg  and  the  grid  has 
a  voltage  somewhat  above  Vf1.  As  a  result,  the  grid 
functions  as  an  anode,  collecting  electrons,  until  it  is 
back  at  Vf1.  Because  this  current  is  an  electron  cur- 
rent,  it  is  much  bigger  than  the  grid  current,  lg,  which 
is  a  diffusion  limited  ion  current. 

Figure  4  shows  Vgmin  as  a  function  of  l1a  for  lamps 

with  20,  32,  40  and  56  mesh  per  cm  tungsten  grids  in 
the  configuration  shown  in  Fig.  1  .  Figure  5  is  a  similar 
graph  for  lamps  constructed  as  shown  in  Fig.  2  with 
40,  56  and  72  mesh/cm  tungsten  grids.  The  polarity 

5  of  the  lamp  was  chosen  such  that  the  grid  is  close  to 
the  cathode.  The  curves  represent  the  averages  of  2 
to  5  lamps.  As  expected,  Vg  min  is  more  negative  at 
higher  l1a.  Also,  the  finer  the  grid,  the  easier  the 
switching.  The  differences  between  the  40,  56  and  72 

10  mesh/cm  grids  are  relatively  small.  There  are  also 
small  differences  between  the  results  in  this  case  of 
the  40  and  56  mesh/cm  grids  of  lamps  of  the  two  dif- 
ferent  configurations.  It  is  apparent  from  the  results, 
in  particular  those  shown  in  fig.  4,  that  for  a  mesh  val- 

15  ue  smaller  than  20  mesh/cm  the  required  value  for 
Vgimin  becomes  impractically  large.  Thus  the  mesh  of 
the  grid  should  at  least  be  20  mesh/cm.  The  mesh 
used  in  the  grids  should  be  regular  (i.e.  all  the  wires 
in  the  mesh  are  uniformly  spaced  apart),  if  this  is  not 

20  the  case  the  switching  capability  of  the  grid  can  be 
greatly  deteriorated  (Vg  becomes  too  large).  Figure  6 
shows  grid  current  (lg)  in  milliamps  as  a  function  of 
lamp  current  (Ila)  for  various  mesh  sizes.  It  is  seen 
that  the  grid  current  is  much  lower  than  that  of  the  cur- 

25  rent  flowing  through  the  lamp  which  permits  the  use 
of  low  current  switches  in  the  grid  control  circuitry. 

If  the  grid  is  close  to  the  anode  instead  of  the 
cathode,  Vgimin,  stays  approximately  the  same.  AVg 
(the  difference  between  Vf1  and  Vgimin),  however,  is 

30  much  higher  as  Vf1  is  higher.  This  is  not  trivial,  be- 
cause  the  thickness  of  the  space  charge  layer  is  a 
function  of  the  voltage  drop  across  it  (Vf1-Vg).  How- 
ever,  when  the  current  is  interrupted,  the  potential  of 
the  plasma  around  the  grid  changes.  Thus  the  grid 

35  must  be  made  negative  with  respect  to  the  cathode  to 
obtain  switching.  Vgimin  does  not  change  very  much 
with  the  position  of  the  grid  in  the  lamp.  With  the  grid 
closer  to  the  cathode  AVg  can  be  kept  smaller  and  this 
is  desirable.  However,  the  grid  must  not  be  too  close 

40  to  the  cathode  since  the  plasma  is  different  in  close 
proximity  and  switching  becomes  very  different.  Dis- 
tances  of  6  mm  to  13  mm  from  grid  to  cathode  give 
satisfactory  results.  Grids  32  were  constructed  from 
square  mesh  tungsten  round  wire  usually  used  for 

45  chemical  sieving.  The  grids  have  about  70%  open 
area  and  tungsten  is  relatively  sputtering  resistant. 
However  other  materials  may  also  be  used  (such  as 
nickel  or  molybdenum). 

Figure  7  illustrates  a  practical  grid  lamp  circuit.  As 
so  can  be  seen  the  grids  are  driven,  by  signals  GDRV-! 

and  GDRV2  in  a  manner  similar  to  that  of  Fig.  3.  The 
two  grid  lamps  are  connected  in  a  "half-bridge"  like 
configuration  with  the  grid  lamps  forming  one-side  of 
the  bridge  and  the  other  side  of  the  bridge  being 

55  formed  by  capacitors  and  C2.  As  lamps  and  L2 
need  not  be  switched  on  and  off  simultaneously,  di- 
odes  Di  and  D2  which  are  connected  in  parallel  there- 
with  provide  alternate  paths  for  current  flow  when  one 

3 
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or  both  of  the  lamps  are  turned  off.  Bridging  the  lamps 
are  resonant  elements  Cs  and  Ls  which  form  a  tuned 
circuit.  As  is  seen,  each  of  the  lamps  replaces  a  solid 
state  power  device.  The  grid  driver  elements  (S  ̂ S2, 
S3,  S4)  consist  only  of  high-voltage,  low-power  devic- 
es. 

The  circuit  of  Fig.  7,  depending  upon  the  operat- 
ing  frequency  and  the  values  of  resonant  elements  Cs 
and  Ls  may  be  operated  in  either  the  so-called  capac- 
itive  or  inductive  modes.  In  these  modes  lamps  l̂   and 
L2  may  be  turned  off  either  by  the  action  of  the  grids 
or  by  the  action  of  the  resonant  circuitry.  Operation  in 
eitherof  these  modes  may  at  various  frequencies  pre- 
vent  deleterious  so-called  "constriction".  Constriction 
occurs  when  the  electrons  of  the  plasma  try  to  force 
their  way  through  one  of  the  openings  of  the  grid. 
When  this  occurs  the  wires  of  the  grid  at  the  point 
where  constriction  occurs  can  burn  out,  which  causes 
failure  of  the  controlling  grid.  Such  constriction  may 
be  avoided  by  controlling  the  parameters  of  the  circuit 
elements  of  the  circuit  of  Fig.  7  and  by  controlling  the 
speed  of  changes  in  lamp  current  and  grid  voltage. 
Other  possible  circuit  elements,  such  as  described  in 
the  copending  application  referred  to  at  page  1  may 
also  be  used  in  conjunction  with  the  grid  controlled 
lamp  of  the  present  invention. 

In  the  schematic  of  Fig.  7  the  lamps  are  shown 
being  driven  with  VDC.  However,  as  is  known  to  those 
skilled  in  the  art,  VDC  may  be  any  DC  source  such  as 
rectified  power  line  voltage.  The  circuit  may  be  oper- 
ated  at  frequencies  of  at  least  20  KHz  which  is  a  stan- 
dard  operating  frequency  for  solid  state  lamp  driver 
circuits.  Accordingly,  Fig.  7  illustrates  that  the  grid 
controlled  gas  discharge  lamps  constructed  in  accor- 
dance  with  the  present  invention  form  an  integral  part 
of  their  own  driving  circuitry  without  the  need  for  high 
current  switching  devices.  This  provides  meaningful 
cost  and  heat  dissipation  savings. 

Although  the  present  invention  has  been  descri- 
bed  in  conjunction  with  preferred  embodiments,  it  is 
to  be  understood  that  modifications  and  variations 
may  be  resorted  to  without  departing  from  the  scope 
of  the  invention  as  defined  in  the  appended  claims. 

Claims 

1.  A  low  pressure  gas  discharge  lamp  comprising: 
an  envelope  (10),  first  and  second  electrodes 
(24)  disposed  within  said  envelope,  an  ionisable 
gas  filling  said  envelope,  said  gas  becoming  a 
charged  plasma  when  a  current  flows  between 
said  first  and  second  electrodes, 

and  comprising  a  conductive  grid  (32)  dis- 
posed  within  said  envelope  so  as  to  intercept  the 
plasma  between  the  lamp  electrodes,  which  lamp 
is  provided  with  means  (38)  for  electrical  connec- 
tion  to  said  grid, 

characterised  in  that  said  grid  comprises  a  mesh 
of  20  to  72  mesh/cm. 

2.  A  lamp  as  claimed  in  Claim  1,  characterized  in 
5  that  said  first  and  second  electrodes  comprise  an 

anode  and  a  cathode,  said  grid  being  disposed 
closer  to  said  cathode  than  said  anode. 

3.  A  lamp  as  claimed  in  Claim  1  or  2,  characterized 
10  in  that  said  envelope  includes  an  inwardly  dis- 

posed  indentation  (40),  said  grid  being  disposed 
in  contact  with  said  indentation. 

4.  A  lamp  as  claimed  in  claim  1,  2  and  3,  wherein  the 
15  lamp  is  a  fluorescent  lamp. 

Patentanspruche 

20  1.  Niederdruckgasentladungslampe  mit  einem  Kol- 
ben  (10),  ersten  und  zweiten  Elektroden  (24)  im 
Kolben,  einem  ionisierbaren  Gas,  das  den  Kolben 
fullt,  wobei  dieses  Gas  ein  geladenes  Plasma 
wird,  wenn  ein  Strom  zwischen  den  ersten  und 

25  zweiten  Elektroden  flielit, 
und  mit  einem  leitenden  Gitter  (32)  in  die- 

sem  Kolben  zum  Einfangen  des  Plasmas  zwi- 
schen  den  Lampenelektroden,  wobei  die  Lampe 
mit  Mitteln  (38)  zum  elektrischen  Anschlielien 

30  des  Gitters  enthalt,  dadurch  gekennzeichnet, 
dali  das  Gitter  eine  Masche  von  20  bis  72  Ma- 
schen/cm  enthalt. 

2.  Lampe  nach  Anspruch  1,  dadurch  gekennzeich- 
35  net,  dali  die  ersten  und  zweiten  Elektroden  eine 

Anode  und  eine  Kathode  enthalten,  wobei  das 
Gitter  sich  naher  bei  der  Kathode  als  bei  der  An- 
ode  befindet. 

40  3.  Lampe  nach  Anspruch  1  oder2,  dadurch  gekenn- 
zeichnet,  dali  der  Kolben  einen  nach  innen  ge- 
richteten  Einschnitt  (40)  enthalt,  wobei  das  Gitter 
in  Kontakt  mit  dem  Einschnitt  angeordnet  ist. 

45  4.  Lampe  nach  Anspruch  1,  2  und  3,  in  der  die  Lam- 
pe  eine  Fluoreszenzlampe  ist. 

Revendications 
50 

1  .  Lampe  a  decharge  dans  le  gaz  a  basse  pression 
comportant: 

une  enveloppe  (10),  des  premiere  et 
deuxieme  electrodes  (24)  disposees  dans  ladite 

55  enveloppe,  un  gaz  ionisable  remplissant  ladite 
enveloppe,  ledit  gaz  devenant  un  plasma  charge 
lorsqu'un  courant  circule  entre  lesdites  premiere 
et  deuxieme  electrodes, 

4 
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et  comportant  une  grille  conductive  (32) 
disposee  dans  ladite  enveloppe  de  facon  a  inter- 
cepter  le  plasma  engendre  entre  les  electrodes 
de  lampe,  lampe  qui  est  munie  de  moyens  (38) 
pour  la  connexion  electrique  a  ladite  grille,  carac-  5 
terisee  en  ce  que  ladite  grille  comporte  un  poly- 
gone  dont  le  nombre  de  mailles  est  compris  entre 
20  et  72  par  cm. 

2.  Lampe  selon  la  revendication  1,  caracterisee  en  10 
ce  que  lesdites  premiere  et  deuxieme  electrodes 
comportent  une  anode  et  une  cathode,  ladite  gril- 
le  etant  disposee  plus  proche  de  ladite  cathode 
que  de  ladite  anode. 

15 
3.  Lampe  selon  la  revendication  1  ou  2,  caracterisee 

en  ce  que  ladite  enveloppe  comporte  un  creux 
(40)  oriente  vers  I'interieur,  ladite  grille  etant  dis- 
posee  en  contact  avec  ledit  creux. 

20 
4.  Lampe  selon  les  revendications  1  ,  2  et  3  dans  les- 

quelles  la  lampe  est  une  lampe  fluorescente. 

25 
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