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Description 

This  invention  relates  to  radiation-emitting  panels  including  a  first  upper  plate  transparent  to  visible  radi- 
ation,  a  second  plate  sealed  with  the  first  plate  around  its  edge  and  enclosing  a  first  gas-discharge  volume  at 

5  reduced  pressure  between  the  lower  surface  of  the  first  plate  and  the  upper  surface  of  the  second  plate,  the 
first  and  second  plates  being  supported  within  their  edges  by  at  least  one  support  member  internally  of  the 
first  gas-discharge  volume,  and  electrodes  operable  to  excite  discharge  and  radiation  within  said  gas-dis- 
charge  volume. 

In  many  applications,  it  is  desired  to  be  able  to  produce  even  illumination  over  a  large  area,  such  as  when 
10  back  lighting  instruments.  Preferably,  the  illumination  is  of  high  intensity  with  a  low  power  and  heat  dissipation 

whilst  being  compact  and  of  light  weight. 
Fluorescent  lighting,  in  which  light  is  generated  by  photo-ion  isation  of  a  phosphor  layer  in  a  gas-discharge 

tube,  is  ideally  suited  to  this,  as  far  as  the  level  of  illumination  and  power  dissipation  is  concerned.  Where  even 
illumination  is  required  over  a  large  area,  however,  it  is  necessary  either  to  use  several  fluorescent  tubes  in 

15  parallel  with  one  another  or  to  use  a  tube  that  is  bent,  in  an  attempt  to  produce  an  even  distribution  of  light.  In 
WO  87/04562  there  is  described  a  display  in  which  an  arrangement  of  parallel  tubes  is  reproduced  in  a  flat 
panel  by  means  of  walls  that  divide  the  panel  into  separate  discharge  paths,  each  having  their  own  electrode. 
A  bent  tube  arrangement  is  similarly  reproduced  by  walls  defining  a  circuitous  path  between  two  electrodes. 
It  is  usually  also  necessary  to  use  some  form  of  diffuser  in  front  of  such  arrangements  to  produce  a  more  even 

20  illumination.  This  does  still  not  produce  illumination  which  is  distributed  sufficiently  evenly  for  some  applica- 
tions  because  of  the  presence  of  the  walls. 

WO  87/04562  also  describes  a  flat  panel  fluorescent  device  formed  by  two  glass  plates  coated  with  phos- 
phor  on  their  facing  surfaces.  The  plates  are  spaced  from  one  anotherand  sealed  around  their  edges,  the  space 
between  the  plates  being  evacuated  to  a  low  pressure.  Electrodes  extend  along  opposite  edges  inside  the 

25  space  between  the  plates,  so  that  discharge  can  be  produced  between  them.  The  problem  with  this  construc- 
tion  is  that,  because  of  the  reduced  pressure  within  the  device  the  plates  must  be  relatively  thick  to  be  able  to 
withstand  the  pressure  differential  across  them.  This  leads  to  a  device  which  is  relatively  heavy  and  bulky. 

Proposals  for  supporting  the  opposite  plates  of  the  panel  by  internal  structures  have  been  described  in 
J58-46568,  GB  2217905,  EP  0283014  and  PCT/GB90/00075  (=  WO  90/09676). 

30  Although  flat  panel  lamps  are  generally  more  robust  than  those  involving  fluorescent  tubes,  they  do  suffer 
from  the  disadvantage  that  if  the  lamp  does  fail,  all  illumination  is  lost.  By  contrast,  where  the  lamp  includes 
several  fluorescent  tubes,  failure  of  one  tube  will  only  result  in  a  reduction  in  the  level  of  illumination  and  uneven 
illumination.  Where  the  lamp  is  used  to  illuminate  an  instrumentation  display,  this  uneven  illumination  can,  how- 
ever,  be  so  severe  as  to  make  the  display  illegible  in  parts.  In  some  applications,  such  as  in  aircraft  instru- 

35  mentation  displays,  it  is  of  great  importance  that  the  lamp  have  some  redundancy  or  a  back-up  be  provided 
so  that  adequate  illumination  is  provided  on  failure  of  the  main  lamp.  The  back-up  lamp  should  also  produce 
illumination  that  is  sufficiently  even  to  render  the  display  legible. 

It  is  an  object  of  the  present  invention  to  provide  a  radiation-emitting  panel  with  redundancy  by  which  even 
illumination  can  be  achieved. 

40  According  to  one  aspect  of  the  present  invention  there  is  provided  a  radiation-emitting  panel  of  the  above- 
specified  kind,  characterised  in  that  the  panel  includes  a  third  lower  plate  sealed  with  the  second  plate  around 
its  edge  and  enclosing  a  second  gas-discharge  volume  at  reduced  pressure  between  the  lower  surface  of  the 
second  plate  and  the  upper  surface  of  the  third  plate,  the  second  and  third  plates  being  supported  within  their 
edges  by  at  least  one  support  member  internally  of  the  second  gas-discharge  volume,  and  electrodes  operable 

45  to  excite  discharge  and  radiation  within  the  second  gas-discharge  volume,  and  that  the  second  plate  is  trans- 
parent  to  visible  radiation  such  that  a  part  of  least  of  the  radiation  produced  in  the  second  gas-discharge  volume 
is  transmitted  through  the  second  and  first  plates  such  that  illumination  can  be  provided  by  the  panel  even 
when  there  is  no  discharge  within  the  first  gas-discharge  volume. 

The  support  members  are  preferably  of  a  radiation-transmitting  material  and  may  be  provided  by  two  iden- 
50  tical  arrays  of  pillars  extending  between  the  first  and  second  plate  and  between  the  second  and  third  plate. 

The  pillars  may  be  spaced  from  one  another  by  flat  regions  on  the  surface  of  the  plates,  there  being  a  phosphor 
coating  within  both  the  first  and  second  gas-discharge  volumes,  and  the  flat  regions  on  the  second  plate  having 
no  phosphor  coating  or  a  thinner  phosphor  coating  than  other  surfaces  within  the  first  and  second  gas-dis- 
charge  volumes  so  that  radiation  can  pass  more  freely  through  these  flat  regions. 

55  The  second  plate  may  have  pillars  formed  integrally  with  the  plate  on  opposite  sides.  The  second  plate  is 
preferably  of  a  material  transparent  to  ultra-violet  radiation.  The  three  plates  are  preferably  of  the  same  ma- 
terial.  The  third  plate  is  preferably  transparent  to  visible  radiation,  the  panel  including  a  reflector  adjacent  the 
outer  surface  of  the  third  plate  arranged  to  reflect  radiation  into  the  panel.  The  reflector  is  preferably  shaped 
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to  reflect  radiation  preferentially  into  the  support  members  and  may  be  shaped  with  an  array  of  inverted  f  rusto- 
pyramids. 

Alight-emitting  panel  and  a  display  assembly  including  such  a  panel,  according  to  the  present  invention, 
will  now  be  described,  by  way  of  example,  with  reference  to  the  drawings,  in  which: 

5  Figure  1  is  a  plan  view  of  the  panel  from  above; 
Fiqure  1  A  is  a  plan  view  of  an  alternative  panel; 
Figure  2  is  a  cross-sectional  side  elevation  view  of  the  panel  to  an  enlarged  scale; 
Figure  2A  is  a  view  of  a  part  of  the  panel  from  underneath;  and 
Figure  3  is  an  enlarged  sectional  view  of  a  display  assembly  including  the  panel  and  illustrating  ray  paths 

10  within  the  panel. 
The  light-emitting  panel  or  lamp  comprises  three  flat,  parallel  rectangular  glass  plates  1  to  3  which  are  each 

transparent  to  light,  that  is,  visible  radiation.  Electrically-insulative  spacers  4,  which  may  be  formed  by  glass 
bars,  are  interposed  between  the  plates  1  and  2  and  the  plates  2  and  3  around  their  edges  to  separate  them 
from  one  another  and  to  form  a  gas-tight  seal  between  them. 

15  The  space  between  the  lower  surface  5  of  the  upper  plate  1  and  the  upper  surface  6  of  the  intermediate 
plate  2  provides  a  first  gas-discharge  volume  7  and  is  filled  with  a  mixture  of  argon  gas  and  mercury  vapour 
or  other  gases  and  gas  mixtures  at  low  pressure.  Similarly,  the  space  between  the  lower  surface  8  of  the  in- 
termediate  plate  2  and  the  upper  surface  9  of  the  lower  plate  3  provides  a  second  gas-discharge  volume  7' 
and  is  filled  with  the  same  gas  at  low  pressure. 

20  The  lower  surface  5  of  the  upper  plate  1  and  the  upper  surface  6  of  the  intermediate  plate  2  are  interrupted 
by  an  array  of  pillars  10.  The  pillars  10  are  of  square  section  and  frusto-  pyramidal  shape  so  that  each  pillar 
has  four  flat  angled  faces  around  it.  The  width  of  each  pillar  is  typically  0.707mm  giving  a  diagonal  diameter 
of  1mm  at  their  base,  with  a  wall  angle  9  of  60  degrees  to  the  horizontal  and  a  height  of  0.433mm.  The  pillars 
are  arranged  in  straight  rows,  horizontal  in  Figure  1,  with  spacings  between  adjacent  pillars  in  a  row  equal  to 

25  the  base  diameter  of  the  pillars.  The  sides  of  the  pillars  10  are  inclined  at  about  45  degrees  to  the  edges  of 
the  panel.  Pillars  10  in  adjacent  rows  are  staggered  from  one  another  by  a  distance  equal  to  the  diameter  of 
the  pillars,  so  that  the  pillars  10  of  one  row  are  aligned  midway  between  pillars  of  an  adjacent  row.  The  edges 
of  adjacent  rows  are  contiguous  so  that  there  is  no  space  between  adjacent  rows. 

An  alternative  arrangement  of  the  pillars  110  is  shown  in  Figure  1A  in  which  they  are  arranged  in  an  or- 
30  thogonal  array  of  rows  and  columns  parallel  with  the  electrodes  21'  and  22'  and  the  edges  of  the  plates  ex- 

tending  between  the  pillars.  The  sides  of  the  pillars  110  extend  parallel  to  the  edges  of  the  panel.  In  this  ar- 
rangement  there  are  parallel  pathways  between  the  two  electrodes  21'  and  22'  between  the  rows  of  pillars 
110. 

The  array  of  pillars  10  on  the  two  plates  1  and  2  are  identical,  so  that  the  top  of  each  pillar  on  one  plate 
35  is  aligned  with,  and  contacts,  the  top  of  a  corresponding  pillar  on  the  opposite  plate.  The  abutting  top  surfaces 

of  the  pillars  10  on  the  two  plates  are  joined,  such  as,  for  example  by  an  adhesive  having  a  refractive  index 
matched  to  that  of  the  glass  forming  the  plates  1  and  2.  The  spacing  between  the  two  plates  is,  therefore,  equal 
to  the  sum  of  the  height  of  the  pillars  on  the  two  plates. 

The  lower  surface  8  of  the  intermediate  plate  2  and  the  upper  surface  9  of  the  lower  plate  3  are  similarly 
40  interrupted  with  an  array  of  pillars  10'  that  are  aligned  with  the  pillars  10. 

Along  opposite  vertical  sides,  inside  both  gas-discharge  volumes  7  and  7',  are  mounted  two  pairs  of  elec- 
trodes  21  and  22,  and  23  and  24  respectively  which  are  sealed  into  the  spacers  4  and  have  an  electrical  con- 
ductor  extending  out  through  the  spacer  by  which  a  voltage  can  be  applied.  Each  electrode  21  to  24  extends 
along  substantially  the  entire  length  of  one  side  of  the  panel,  at  right  angles  to,  and  across  the  ends  of  all  the 

45  rows  of  pillars  10.  The  electrodes  21  to  24  are  preferably  unheated  50  that  the  panel  forms  two  separate  gas- 
discharge  devices  of  the  cold-cathode  kind.  In  alternative  arrangements,  a  hot-cathode  electrode  configuration 
could  be  used.  The  electrodes  could  be  formed  by  a  thick,  conductive  coating  on  the  spacers  4. 

The  walls  of  the  pillars  10  and  10',  the  flat,  lower  surface  5  of  the  upper  plate  1,  and  the  flat,  upper  surface 
9  of  the  lower  plate  3  are  coated,  such  as  by  a  dipping  technique,  with  one  or  more  layers  30  (Figure  3)  of  phos- 

50  phor  which  emits  the  desired  radiation  spectrum  when  caused  to  fluoresce  by  ultra  violet  radiation  in  a  gas- 
discharge.  The  flat  upper  and  lower  surface  6  and  8  of  the  intermediate  plate  2  is  preferably  uncoated  with 
phosphor  or  only  thinly  coated  to  a  thickness  less  than  the  optimum  for  the  conversion  of  ultra  violet  into  visible 
radiation  that  is,  thinner  than  the  coating  on  the  inclined  walls  of  the  pillars  10  and  10'.  In  this  way,  the  maximum 
amount  of  radiation  produced  in  the  lower  gas  discharge  volume  7'  will  pass  through  the  intermediate  plate  2. 

55  The  outer,  upper  surface  11  of  the  upper  plate  1  is  flat  and  plane;  the  outer,  lower  surface  12  of  the  lower 
plate  3  is  profiled  and  is  coated  with  a  reflective  layer  13.  The  lower  surface  12  is  cut  in  such  away  that  radiation 
incident  on  the  reflective  layer  13  will  be  reflected  preferentially  into  the  pillars  10'  rather  than  onto  the  flat 
regions  of  the  surface  9.  More  particularly,  the  lower  surface  is  cut  to  form  an  array  of  inverted  shallow  f  rusto- 
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pyramids  50  of  square  base  which  are  aligned  with  the  pillars  10'  so  that  the  flat  top  51  of  each  pyramid  is 
aligned  with  the  centre  of  each  pillar.  Typically,  the  flat  top  51  of  the  pyramid  50  is  the  same  size  as  the  top  of 
the  pillars  10'  and  the  wall  angle  a  is  about  18  degrees,  with  a  lower  plate  3  that  is  2mm  thick.  The  edge  of 
one  pyramid  50  abuts  the  edge  of  the  adjacent  pyramid  on  each  of  its  four  sides.  It  can  be  seen,  therefore, 

5  that  the  base  of  the  pyramids  50  is  larger  than  that  of  the  pillars  10  and  that  the  sloping  walls  52  of  each  pyramid 
are  angled  towards  the  overlying  pillar. 

The  panel  is  mounted  beneath  an  aircraft  instrument  display  40  (Figure  3),  such  as  incorporating  a  liquid 
crystal  matrix  display.  The  electrodes  21  to  24  are  each  connected  to  a  power  supply  unit  60  which  is  normally 
arranged  to  apply  a  high  voltage  between  only  the  two  electrodes  21  and  22  and  not  the  electrodes  23  and 

10  24.  In  this  way,  a  discharge  is  produced  only  in  the  first  volume  7.  The  power  supply  unit  60,  however,  monitors 
operation  of  the  discharge  in  the  first  volume  7  and,  if  it  detects  a  malfunction  of  this  discharge,  it  automatically 
disconnects  the  electrodes  21  and  22  from  the  supply  and  instead  applies  a  discharge  voltage  across  the  elec- 
trodes  23  and  24  in  the  second  discharge  volume  7'.  A  manual  switch  70  may  also  be  provided  to  enable  the 
user  to  connect  the  power  supply  across  either  one  or  both  of  the  pairs  of  electrodes.  In  this  way,  if  the  dis- 

15  charge  between  the  upper  two  plates  1  and  2  should  fail,  the  lamp  has  redundancy  in  that  illumination  can  be 
produced  from  discharge  between  the  lower  two  plates  2  and  3. 

The  voltage  applied  between  the  electrodes  21  and  22  or  23  and  24  is  sufficient  to  cause  discharge  within 
the  panel  which  in  turn  causes  fluorescence  of  the  phosphor  layer  30.  Discharge  between  the  electrodes  re- 
sults  in  production  of  a  plasma  that  is  unconfined  by  any  internal  barriers  within  the  panel  and  that  is  therefore 

20  uniformly  distributed  within  the  panel  around  the  pillars  10.  Light  emitted  from  the  phosphor  layer  30  travels 
both  into  the  gas  discharge  volume  7  or  7'  and  into  the  glass  material  supporting  the  phosphor  layer,  as  illu- 
strated  in  Figure  3.  The  sloping  walls  of  the  pillars  10  cause  any  light  entering  the  pillars  to  be  eventually  re- 
flected  towards  the  opposite  surface  of  the  respective  plate.  In  this  respect,  it  is  preferable  that  the  walls  or 
sides  of  the  pillars  are  inclined,  that  is,  for  the  angle  where  they  meet  the  surface  of  the  plate,  to  be  less  than 

25  90  degrees. 
Light  passing  into  the  upper  plate  1  will  emerge  from  the  upper  surface  11  and  will  backlight  the  overlying 

display  40.  Some  of  the  light  caused  by  discharge  in  the  volume  7  will  enter  the  intermediate  plate  2.  A  pro- 
portion  of  this  light  will  be  specularly  reflected  by  any  phosphor  layer  30  on  the  lower  surface  8  of  the  inter- 
mediate  plate  2  in  a  generally  upward  direction,  towards  the  upper  plate  1.  Some  of  the  light  will  pass  through 

30  the  phosphor  layer  30  and  enter  the  lower  plate  3.  Some  light  will  also  enter  the  lower  plate  3  directly  via  the 
pillars  10  and  10'. 

Light  incident  on  the  lower  surface  12  of  the  lower  plate  3  will  be  reflected  by  the  layer  13  preferentially 
towards  the  pillars  10'  rather  than  towards  the  flat  regions  of  the  surface  9  around  the  pillars.  For  example, 
any  light  generated  by  emission  from  phosphor  in  the  flat  regions  of  the  surface  9  which  travels  vertically  down- 

35  wards  through  the  thickness  of  the  lower  plate  3,  will  be  incident  on  one  of  the  sloping  walls  52  of  one  of  the 
pyramids  50.  The  light  will  be  reflected  upwardly,  at  an  angle  of  36  degrees  to  the  vertical,  towards  the  closest 
one  of  the  pillars  10'.  In  general,  light  will  be  incident  at  many  different  angles  and  not  all  of  the  light  will  be 
reflected  towards  the  pillars.  The  proportion  that  is  reflected  towards  the  pillars  will,  however,  be  greater  than 
is  produced  by  a  plane  reflecting  surface.  The  amount  of  light  which  is  reflected  by  the  layer  13  onto  the  flat 

40  regions  of  the  surface  8  between  the  pillars  10'  is,  therefore,  less  than  would  be  produced  by  plane  reflecting 
layer.  The  pillars  10  and  10'  act  as  light  guides  which  enable  a  significant  proportion  of  the  light  reflected  by 
the  layer  1  3  to  pass  directly  into  the  upper  plate  1  .  This  is  an  advantage  because  the  performance  of  phosphors 
is  reduced  in  conditions  of  high  illumination. 

The  increased  level  of  radiation  passing  into  the  pillars  10  may  increase  the  illumination  of  the  phosphor 
45  coating  on  the  pillars  and  thereby  reduce  its  effectiveness.  This  is  not  important,  however,  because,  when 

viewed  from  above,  only  a  relatively  small  contribution  is  made  by  radiation  from  the  walls  of  the  pillars  10 
compared  with  that  from  the  flat  surface  between  the  pillars. 

The  pillars  10  on  the  plate  1  ,  2  and  3  and  the  pyramidal  reflecting  surface  12  could  be  made  by  any  con- 
ventional  technique  such  as  by  chemical  etching,  glass  moulding,  mechanical  or  ion  machining  or  by  laser  abla- 

50  tion  techniques. 
The  arrangement  of  the  present  invention  by  which  a  single  intermediate  plate  defines  both  the  lower  sur- 

face  of  the  upper  discharge  volume  and  the  upper  surface  of  the  lower  discharge  volume  has  several  advan- 
tages.  Firstly,  the  lamp  can  be  thinner  and  more  compact  than  an  equivalent  lamp  produced  by  stacking  to- 
gether  two  separate  flat  panel  lamps.  The  efficiency  of  transmission  of  light  through  the  intermediate  plate  is 

55  also  high  because  there  are  no  barriers  within  the  plate  at  which  reflection,  refraction  or  absorption  might  occur. 
The  opposite  surfaces  of  the  intermediate  plate  can  be  produced  highly  parallel  compared  with  an  equivalent 
member  produced  by  joining  together  two  plates.  This  is  important  for  ensuring  the  maximum  efficiency  of 
transmission  of  radiation  along  the  pillars  10  and  10'.  Alignment  of  the  pillars  is  also  facilitated. 
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Although  some  of  light  produced  by  discharge  in  the  lower  volume  7'  will  be  attenuated  on  passage  through 
the  phosphor  layer  30  in  the  upper  discharge  volume  7,  the  amount  of  light  emerging  from  the  upper  surface 
11  of  the  lamp  will  be  sufficient  for  back-up  illumination  purposes.  If  the  intermediate  plate  2  is  made  up  from 
a  glass  transparent  to  ultra-violet  radiation,  it  is  possible  for  the  ultra-violet  radiation  generated  in  one  of  gas- 

5  discharge  volumes  to  excite  the  phosphor  coating  in  the  other  gas-discharge  volume.  This  can  be  used  to  en- 
hance  the  amount  of  visible  radiation  produced  by  discharge  in  the  lower  volume  7'.  Preferably,  all  three  plates 
1  to  3  are  of  the  same  material  but,  where  the  intermediate  plate  2  is  made  of  a  material  different  from  that  of 
the  upper  plate  1  and  lower  plate  3,  it  should  be  matched  in  thermal  expansion  to  the  upper  and  lower  plates. 
The  illumination  produced  will  be  evenly  distributed  across  the  surface  of  the  panel  apart  from  local  variations 

10  in  intensity  between  regions  overlaying  the  pillars  and  regions  surrounding  the  pillars. 
The  intermediate  plate  need  not  be  formed  with  integral  pillars  but  could  be  a  flat  plate  the  surfaces  of 

which  contact  the  tops  of  the  pillars  on  the  upper  and  lower  plates. 
Lamps  of  this  kind  are  particularly  useful  for  illumination  of  displays  where  redundancy  of  illumination  is 

required  but  could  also,  for  example,  be  used  for  room  illumination  where  it  was  important  for  back-up  illumin- 
es  ation  to  be  available.  It  will  be  appreciated  that  discharge  could  be  produced  in  both  discharge  volumes  simul- 

taneously  when  higher  levels  of  illumination  are  needed. 

Claims 
20 

1.  A  radiation-emitting  panel  including  a  first  upper  plate  transparent  to  visible  radiation,  a  second  plate 
sealed  with  the  first  plate  around  its  edge  and  enclosing  a  first  gas-discharge  volume  at  reduced  pressure 
between  the  lower  surface  of  the  first  plate  and  the  upper  surface  of  the  second  plate,  the  first  and  second 
plates  being  supported  within  their  edges  by  at  least  one  support  member  internally  of  the  first  gas-dis- 

25  charge  volume,  and  electrodes  operable  to  excite  discharge  and  radiation  within  said  gas-discharge  vol- 
ume,  characterised  in  that  the  panel  includes  a  third  lower  plate  (3)  sealed  with  the  second  plate  (2)  around 
its  edge  and  enclosing  a  second  gas-discharge  volume  (7')  at  reduced  pressure  between  the  lower  sur- 
face  (8)  of  the  second  plate  (2)  and  the  upper  surface  (9)  of  the  third  plate  (3),  the  second  and  third  plates 
being  supported  within  their  edges  by  at  least  one  support  member  (10')  internally  of  the  second  gas-dis- 

30  charge  volume  (7'),  and  electrodes  (23,  24)  operable  to  excite  discharge  and  radiation  within  the  second 
gas-discharge  volume,  and  that  the  second  plate  is  transparent  to  visible  radiation  such  that  a  part  at  least 
of  the  radiation  produced  in  the  second  gas-discharge  volume  is  transmitted  through  the  second  and  first 
plates  such  that  illumination  can  be  provided  by  the  panel  even  when  there  is  no  discharge  within  the  first 
gas-discharge  volume. 

35 
2.  A  radiation-emitting  panel  according  to  Claim  1  ,  characterised  in  that  the  support  members  (10,  10')  are 

of  a  radiation-transmitting  material. 

3.  A  radiation-emitting  panel  according  to  Claim  1  or  2,  characterised  in  that  the  support  members  are  pro- 
40  vided  by  two  identical  arrays  of  pillars  (10,  10')  extending  between  the  first  and  second  plate  (1  and  2) 

and  between  the  second  and  third  plate  (2  and  3). 

4.  A  radiation-emitting  panel  according  to  Claim  3,  characterised  in  that  the  pillars  (10,  10')  are  spaced  from 
one  another  by  flat  regions  (5,  6,  8,  9)  on  the  surface  of  the  plates,  that  there  is  a  phosphor  coating  (30) 
within  both  the  first  and  second  gas-discharge  volumes  (7  and  7'),  and  that  the  flat  regions  (6,8)  on  the 45 second  plate  (2)  have  no  phosphor  coating  or  a  thinner  phosphor  coating  than  other  surfaces  within  the 
first  and  second  gas-discharge  volumes  (7  and  7')  so  that  radiation  can  pass  more  freely  through  these 
flat  regions. 

5.  A  radiation-emitting  panel  according  to  Claim  3  or  4,  characterised  in  that  the  second  plate  (2)  has  pillars 
50 (10,  10')  formed  integrally  with  the  plate  on  opposite  sides. 

6.  A  radiation-emitting  panel  according  to  any  one  of  the  preceding  claims,  characterised  in  that  the  the  sec- 
ond  plate  (2)  is  of  a  material  transparent  to  ultra-violet  radiation. 

55  7.  A  radiation-emitting  panel  according  to  any  one  of  the  preceding  claims,  characterised  in  that  the  three 
plates  (1  ,  2  and  3)  are  of  the  same  material. 

8.  A  radiation-emitting  panel  according  to  any  one  of  the  preceding  claims,  characterised  in  that  the  third 
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plate  (3)  is  transparent  to  visible  radiation,  and  that  the  panel  includes  a  reflector  (13)  adjacent  the  outer 
surface  of  the  third  plate  (3)  arranged  to  reflect  radiation  into  the  panel. 

9.  A  radiation-emitting  panel  according  to  Claim  8,  characterised  in  that  the  reflector  (1  3)  is  shaped  to  reflect 
radiation  preferentially  into  the  support  members  (10'). 

10.  A  radiation-emitting  panel  according  to  Claim  9,  characterised  in  that  the  reflector  (13)  is  shaped  with  an 
array  of  inverted  frusto-pyramids. 

Patentanspruche 

1.  Strahlungsemittierendes  Paneel  mit  einer  ersten,  oberen,  fur  sichtbares  Licht  durchlassigen  Platte  und 
einer  zweiten,  mit  der  ersten  Platte  entlang  ihrer  Kante  versiegelten  Platte,  wobei  zwischen  der  unteren 
Oberflache  der  ersten  Platte  und  der  oberen  Oberflache  der  zweiten  Platte  ein  erstes  Gasentladungs- 
volumen  bei  vermindertem  Druck  eingeschlossen  ist,  die  erste  und  zweite  Platte  innerhalb  ihrer  Kanten 
durch  mindestens  ein  Tragerbauteil  innerhalb  des  ersten  Gasentladungsvolumens  gegeneinanderabge- 
stutztsind  und  Elektroden  zur  Erzeugung  einer  Entladung  und  Strahlung  innerhalb  des  Gasentladungs- 
volumens  vorhanden  sind,  dadurch  gekennzeichnet,  daft  das  Paneel  eine  dritte,  untere  Platte  (3)  auf- 
weist,  welche  mit  der  zweiten  Platte  (2)  entlang  ihrer  Kanten  versiegelt  ist  und  zwischen  der  unteren  Ober- 
flache  (8)  der  zweiten  Platte  (2)  und  der  oberen  Oberflache  (9)  derdritten  Platte  (3)  ein  zweites  Gasent- 
ladungsvolumen  (7')  bei  reduziertem  Druck  eingeschlossen  ist,  die  zweite  und  dritte  Platte  innerhalb  ihrer 
Kanten  durch  mindestens  ein  Tragerbauteil  (10')  innerhalb  des  zweiten  Gasentladungsvolumens  (7')  ge- 
geneinander  abgestutzt  sind  und  Elektroden  (23,  24)  zur  Erzeugung  einer  Entladung  und  Strahlung  in- 
nerhalb  des  zweiten  Gasentladungsvolumens  vorhanden  sind,  und  dali  die  zweite  Platte  transparentfur 
sichtbare  Strahlung  ist,  wodurch  mindestens  ein  Teil  der  in  dem  zweiten  Gasentladungsvolumen  erzeug- 
ten  Strahlung  durch  die  zweite  und  erste  Platte  tritt  und  somit  eine  Beleuchtung  auch  dann  erzeugbar 
ist,  wenn  innerhalb  des  ersten  Gasentladungsvolumens  keine  Entladung  stattfindet. 

2.  Strahlungsemittierendes  Paneel  nach  Anspruch  1,  dadurch  gekennzeichnet,  daft  die  Tragerbauteile 
(10,  10')  aus  strahlungsdurchlassigem  Material  bestehen. 

3.  Strahlungsemittierendes  Paneel  nach  einem  der  Anspruche  1  oder2,  dadurch  gekennzeichnet,  daft  die 
Tragerbauteile  aus  zwei  identischen  Anordnungen  aus  Saulen  (10,  10')  zwischen  der  ersten  und  zweiten 
Platte  (1  und  2)  bzw.  der  zweiten  und  dritten  Platte  (2  und  3)  bestehen. 

4.  Strahlungsemittierendes  Paneel  nach  Anspruch  3,  dadurch  gekennzeichnet,  daft  die  Saulen  (10,  10') 
voneinander  durch  f  lache  Bereiche  (5,  6,  8,  9)  auf  der  Oberflache  der  Platten  getrennt  sind,  sowohl  in- 
nerhalb  des  ersten  als  auch  des  zweiten  Gasentladungsvolumens  (7  und  7')  eine  Phosphorbeschichtung 
(30)  besteht  und  die  f  lachen  Bereiche  (6,  8)  auf  der  zweiten  Platte  (2)  keine  Phosphorbeschichtung  oder 
eine  dunnere  Phosphorbeschichtung  als  die  anderen  Oberflachen  innerhalb  des  ersten  und  zweiten  Gas- 
entladungsvolumens  (7  und  7')  aufweisen,  so  dali  Strahlung  besser  durch  diese  flachen  Bereiche  dringen 
kann. 

5.  Strahlungsemittierendes  Paneel  nach  einem  der  Anspruche  3  und  4,  dadurch  gekennzeichnet,  daft  die 
zweite  Platte  (2)  Saulen  (10,  10')  aufweist,  welche  integral  mit  dieser  Platte  auf  gegenuberliegenden  Sei- 
ten  gebildet  sind. 

6.  Strahlungsemittierendes  Paneel  nach  einem  der  voranstehenden  Anspruche,  dadurch  gekennzeichnet, 
dali  die  zweite  Platte  (2)  aus  einem  fur  ultraviolette  Strahlung  durchlassigen  Material  besteht. 

7.  Strahlungsemittierendes  Paneel  nach  einem  der  voranstehenden  Anspruche,  dadurch  gekennzeichnet, 
dali  die  drei  Platten  (1,  2,  3)  aus  dem  gleichen  Material  bestehen. 

8.  Strahlungsemittierendes  Paneel  nach  einem  der  voranstehenden  Anspruche,  dadurch  gekennzeichnet, 
dali  die  dritte  Platte  (3)  durchlassig  fur  sichtbare  Strahlung  ist  und  das  Paneel  einen  Reflektor  (13)  auf- 
weist,  welcher  der  aulieren  Oberflache  der  dritten  Platte  (3)  benachbart  ist  und  Strahlung  in  das  Paneel 
reflektiert. 
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9.  Strahlungsemittierendes  Paneel  nach  Anspruch  8,  dadurch  gekennzeichnet,  daft  der  Reflektor  (13)  so 
geformt  ist,  dali  er  die  Strahlung  vorzugsweise  in  die  Tragerbauteile  (10')  reflektiert. 

1  0.  Strahlungsemittierendes  Paneel  nach  Anspruch  9,  dadurch  gekennzeichnet,  dali  der  Reflektor  (1  3)  als 
Anordnung  umgekehrter  Pyramidenstumpfe  geformt  ist. 

Revendications 

10  1.  Panneau  emetteur  de  rayonnement  comportant  une  premiere  plaque  superieure  transparente  au  rayon- 
nement  visible,  une  deuxieme  plaque  scellee  a  la  premiere  plaque  le  long  de  ses  bords  et  enfermant  un 
premier  volume  a  decharge  de  gaz  a  pression  reduite  entre  la  surface  inferieure  de  la  premiere  plaque 
et  la  surface  superieure  de  la  deuxieme  plaque,  la  premiere  et  la  deuxieme  plaque  etant  supportees  entre 
leurs  bords  par  au  moins  un  element  de  support  dispose  a  I'interieur  du  premier  volume  a  decharge  de 

15  gaz,  et  des  electrodes  fonctionnant  pour  induire  une  decharge  et  un  rayonnement  dans  ledit  premier  vo- 
lume  a  decharge  de  gaz,  caracterise  en  ce  que  le  panneau  comporte  une  troisieme  plaque  inferieure  (3) 
scellee  a  la  deuxieme  plaque  (2)  le  long  de  ses  bords  et  enfermant  un  deuxieme  volume  (7')  a  decharge 
de  gaz  a  pression  reduite  entre  la  surface  inferieure  (8)  de  la  deuxieme  plaque  (2)  et  la  surface  superieure 
(9)  de  la  troisieme  plaque  (3),  les  deuxieme  et  troisieme  plaques  etant  supportees  entre  leurs  bords  par 

20  au  moins  un  element  de  support  (10')  dispose  a  I'interieur  du  deuxieme  volume  (7')  a  decharge  de  gaz, 
et  des  electrodes  (23,  24)  fonctionnant  pour  induire  une  decharge  et  un  rayonnement  dans  le  deuxieme 
volume  a  decharge  de  gaz,  et  en  ce  que  la  deuxieme  plaque  est  transparente  au  rayonnement  visible  de 
sorte  qu'au  moins  une  partie  du  rayonnement  produit  dans  le  deuxieme  volume  a  decharge  de  gaz  est 
transmis  a  travers  les  deuxieme  et  premiere  plaques  et  que  le  panneau  peut  fournir  un  eclairage  meme 

25  lorsqu'il  n'y  a  pas  de  decharge  dans  le  premier  volume  a  decharge  de  gaz. 

2.  Panneau  emetteur  de  rayonnement  selon  la  revendication  1  ,  caracterise  en  ce  que  les  elements  de  sup- 
port  (10,  10')  sont  realises  en  une  matiere  transmettant  le  rayonnement. 

3.  Panneau  emetteur  de  rayonnement  selon  la  revendication  1  ou  2,  caracterise  en  ce  que  les  elements  de 
support  sont  formes  de  deux  rangees  identiques  de  colonnettes  (10,  10')  s'etendant  entre  la  premiere  et 
la  deuxieme  plaque  (1  et  2)  et  entre  la  deuxieme  et  la  troisieme  plaque  (2  et  3). 

4.  Panneau  emetteur  de  rayonnement  selon  la  revendication  3,  caracterise  en  ce  que  les  colonnettes  (10, 
10')  sont  separees  les  unes  des  autres  par  des  zones  planes  (5,  6,  8,  9)  sur  la  surface  des  plaques,  en 

35 ce  que  les  premier  et  deuxieme  volumes  (7,  7')  a  decharge  de  gaz  comportent  un  revetement  de  lumino- 
phore  (30),  et  en  ce  que  les  zones  planes  (6,  8)  de  la  deuxieme  plaque  (2)  ne  comportent  pas  de  revete- 
ment  de  luminophore  ou  un  revetement  de  luminophore  plus  fin  que  les  autres  surfaces  des  premier  et 
deuxieme  volumes  (7,  7')  a  decharge  de  gaz  afin  que  le  rayonnement  puisse  traverser  plus  facilement 
ces  zones  planes. 

40 
5.  Panneau  emetteur  de  rayonnement  selon  la  revendication  3  ou  4,  caracterise  en  ce  que  la  deuxieme  pla- 

que  (2)  comporte  des  colonnettes  (10,  10')  faites  d'une  seule  piece  avec  la  plaque,  sur  des  faces  oppo- 
sees. 

45  6.  Panneau  emetteur  de  rayonnement  selon  I'une  quelconque  des  revendications  precedentes,  caracterise 
en  ce  que  la  deuxieme  plaque  (2)  est  realisee  en  une  matiere  transparente  au  rayonnement  ultraviolet. 

7.  Panneau  emetteur  de  rayonnement  selon  I'une  quelconque  des  revendications  precedentes,  caracterise 
en  ce  que  les  trois  plaques  (1,  2  et  3)  sont  realisees  en  une  meme  matiere. 

50 
8.  Panneau  emetteur  de  rayonnement  selon  I'une  quelconque  des  revendications  precedentes,  caracterise 

en  ce  que  la  troisieme  plaque  (3)  est  transparente  au  rayonnement  visible,  et  en  ce  que  le  panneau 
comporte  un  reflecteur  (13)  adjacent  a  la  surface  exterieure  de  la  troisieme  plaque  (3),  agence  pour  re- 
flechir  le  rayonnement  dans  le  panneau. 

35 

55 Panneau  emetteur  de  rayonnement  selon  la  revendication  8,  caracterise  en  ce  que  le  reflecteur  (1  3)  est 
forme  de  maniere  a  reflechir  le  rayonnement  de  preference  dans  les  elements  de  support  (10'). 
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Panneau  emetteur  de  rayonnement  selon  la  revendication  9,  caracterise  en  ce  que  le  reflecteur  (1  3)  est 
forme  d'un  arrangement  de  troncs  de  pyramides  inverses. 
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