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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). 

Courier  Press,  Leamington  Spa,  England.  - 



EP  0 1 3 4   426  B1 

Description 

Technical  field 
This  invention  relates  to  single-ended  metal  halide  discharge  lamps  and  more  particularly  to  a  metal 

5  halide  lamp  to  provide  light  having  minimal  color  separation. 

Background  art 
The  tungsten  lamp  is  and  has  been  the  most  common  source  of  light  for  applications  requiring  a 

relatively  intense  light  source  such  as  projectors,  optical  lens  systems  and  similar  applications. 
10  Unfortunately,  such  structures  are  configured  in  a  manner  which  tends  to  develop  undesired  heat  and,  in 

turn,  necessitates  expensive  and  cumbersome  cooling  devices  located  immediately  adjacent  the  light 
source  in  order  to  provide  the  required  cooling.  Also,  such  structures  tend  to  have  an  inherent  problem  in 
thatthe  life  of  the  light  source  is  relatively  short,  about  10  to  20  hours  of  operational  life,  for  example.  Thus, 
it  is  a  common  practice  to  replace  the  light  source  of  the  structures  each  time  the  system  is  to  be  employed. 

15  Obviously,  the  inconvenience  and  expense  of  light-source  replacement  each  time  the  apparatus  is  used  « 
leaves  much  to  be  desired. 

An  improvement  over  the  above-described  tungsten  lamp  system  is  provided  by  a  system  utilizing  a 
high  intensity  discharge  lamp  as  a  light  source.  For  example,  a  common  form  of  HID  lamp  is  the  high  < 
pressure  metal  halide  discharge  lamp  as  disclosed  in  U.S.  Patent  No.  4,161,672.  Therein  is  disclosed  a  * 

20  double-ended  arc  tube  configuration  or  an  arc  tube  having  electrodes  sealed  into  diametrically  opposite 
ends  with  an  evacuated  or  gas-filled  outer  envelope.  However,  the  manufacture  of  such  double-ended 
structures  fs  relatively  expensive  and  the  configuration  is  obviously  not  appropriate  for  use  in  projectors 
and  similar  optic-lens  types  of  apparatus. 

A  double-ended  metal  halide  discharge  lamp  is  also  known  from  DE  —  A  —  2  524  768  (Figure  12),  which 
25  lamp  has  an  elliptical  shaped  envelope  and  electrodes  having  spherical  balls  on  the  distal  ends  thereof. 

An  even  greater  improvement  in  the  provision  of  a  light  source  for  projectors  and  optic-lens  apparatus 
is  set  forth  in  the  single-ended  metal  halide  discharge  lamps  as  set  forth  in  U.S.  Patent  Nos.  4,302,699; 
4,308,483;  4,320,322;  4,321,501  and  4,321,504.  All  of  the  above-mentioned  patents  disclose  structure  and/or 
fill  variations  which  are  suitable  to  particular  applications.  However,  any  one  or  all  of  the  above-mentioned 

30  embodiments  leave  something  to  be  desired  insofar  as  arc  stability  and  minimal  color  separation 
capabilities  are  concerned. 

Objects  and  summary  of  the  invention 
An  object  of  the  present  invention  is  to  provide  an  improved  single-ended  metal  halide  lamp.  Another 

35  object  of  the  invention  is  to  provide  a  light  source  having  a  minimal  color  separation.  Still  another  object  of 
the  invention  is  to  provide  a  light  source  in  the  form  of  a  metal  halide  discharge  lamp  structure  having  a 

•  minimal  separation  of  colors  for  use  in  a  projection  system. 
These  and  other  objects,  advantages  and  capabilities  are  achieved  by  a  metal  halide  discharge  lamp' 

according  to  the  claim.  This  lamp  comprises  a  plurality  of  additive  gases  having  characteristic  emission 
40  spectra  of  different  wavelengths  or  frequencies  at  differing  spatial  distribution  within  the  discharge 

envelope  whereby  different  additive  gases  are  combined  to  provide  a  net  white  light  emission  from 
different  regions  in  the  discharge  lamp. 

Spectral  uniformity  of  emitted  light  from  the  metal  halide  discharge  lamp  is  so  achieved. 

45  Brief  description  of  the  drawings 
Figure  1  is  a  cross-sectional  view  of  one  embodiment  of  a  single-ended  metal  halide  lamp  of  the 

invention; 
Figure  2  is  a  diagrammatic  sketch  illustrating  emission  zones  for  various  gases  in  the  discharge  lamp  of  f 

Figure  1; 
so  Figure  3  is  a  table  setting  forth  the  color  distribution  of  the  various  emission  zones  of  Figure  2;  and  «  

Figure  4  is  a  chart  comparing  the  intensity  of  emission  of  various  gases  at  varying  distances  from  ft 
longtiduinal  axis  of  the  electrodes  of  the  metal  halide  lamp  of  Figure  1. 

Best  mode  for  carrying  out  the  invention 
55  For  a  better  understanding  of  the  present  invention,  together  with  other  and  further  objects, 

advantages  and  capabilities  thereof,  reference  is  made  to  the  following  disclosure  and  appended  claim  in 
conjunction  with  the  accompanying  drawings. 

Referring  to  Figure  1  of  the  drawings.  Figure  1  illustrates  a  low  wattage  metal  halide  lamp  having  a 
body  portion  5  of  a  material  such  as  fused  silica.  This  fused  silica  body  portion  5  is  formed  to  provide  an 

so  elliptical-shaped  interior  portion  7  having  major  and  minor  diametrical  measurements,  "X"  and  "Y" 
respectively,  in  a  ratio  of  about  2:1.  Moreover,  the  ellipitical-shaped  interior  portion  7  of  the  body  portion  5 
preferably  has  a  height  "Z"  substantially  equal  to  the  minor  dimensional  measurement  "Y". 

Sealed  into  one  end  of  and  passing  through  the  body  portion  5  is  a  pair  of  electrodes  9  and  11.  Each  of 
the  electrodes  9  and  11  includes  a  metal  rod  13  with  a  spherical  ball  15  on  the  end  thereof  within  the 

65  elliptical-shaped  interior  portion  7.  Preferably,  the  electrodes  9  and  11  are  positioned  within  the 
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elliptical-shaped  interior  portion  7  in  a  manner  such  that  the  spherical  balls  15  of  the  electrodes  9  and  11  are 
substantially  equally  spaced  from  the  interior  portion  7  insofar  as  the  major  and  minor  axes,  "X"  and  "Y", 
and  also  substantially  at  the  midpoint  of  the  height  dimension  "Z". 

Spherical  balls  15  are  spaced  from  one  another  along  a  longitudinal  axis  extending  in  the  direction  of 
5  the  indicated  major  axis  "X"  of  the  body  portion  5.  A  plurality  of  gases  is  disposed  within  the  interior 

portion  7  and,  it  has  been  observed,  the  gases  tend  to  emit  in  one  or  more  regions  or  at  one  or  more 
frequencies  of  the  visible  spectrum  with  a  spacial  distribution  from  the  longitudinal  axis  intermediate  the 
spherical  balls  15  peculiar  to  each  of  the  gases. 

For  example,  it  has  been  observed  that  additive  gases  such  as  mercury  and  zinc  tend  to  emit  primarily 
10  in  the  core  or  first  emission  zone,  "A"  of  Figures  2  and  4,  which  in  this  example  has  a  radius  of  about  0.5 

mm.  Also,  trace  elements  such  as  thorium  and  silicon  are  found  to  emit  in  the  above-mentioned  first  or 
core  emission  zone  "A".  Surrounding  and  enveloping  the  first  emission  zone  "A"  is  a  second  emission 
zone,  zone  "B",  which  has  a  radius  of  about  1.0  mm  and  whose  emission  is  dominated  by  additive  gases  of 
scandium  and  thallium.  Also,  a  third  emission  zone,  zone  "C",  has  a  radius  of  about  1  .5  mm  enveloping  the 

5  75  first  and  second  zones  "A"  and  "B"  and  extending  beyond  the  second  emission  zone  "B"  to  the  interior 
portion  7  of  the  body  portion  5  of  the  discharge  lamp.  This  third  emission  zone,  zone  "C",  exhibits  radiation 
from  additive  gases  such  as  metal  iodides  and  bromides  as  well  as  resonance  radiation  from  materials 

 ̂ such  as  sodium  and  dysprosium. 
Also,  it  is  to  be  noted  that  by  particular  selection  of  the  additive  gases  which  emit  within  particular 

20  zones  it  is  possible  to  provide  substantially  "white"  light  emission  from  each  one  of  the  zones,  "A",  "B" 
and  "C".  For  example,  the  table  of  Figure  3  illustrates  that  the  mercury  and  zinc  of  zone  "A"  provide  a  wide 
range  of  emitted  radiation,  i.e.,  violet,  blue,  green,  yellow  and  red.  Similarly,  the  scandium  and  thallium  of 
zone  "B"  tend  to  provide  blue,  green  and  red  while  zone  "C"  is  dominated  by  violet  from  mercury  iodide, 
blue-green  from  mercury  bromide,  orange  from  sodium  contamination  and  red  from  lithium.  Thus,  proper 

25  selection  of  additive  elements  permits  the  development  of  a  substantially  "white"  light  from  each  one  of 
the  zones  or  at  differing  distances  from  the  longitudinal  axis  intermediate  the  spherical  balls  15  of  the  metal 
halide  discharge  device. 

Additionally,  the  chart  of  Figure  4  approximates  the  spread  and  intensity  of  radiation  of  the  various 
selected  elements  for  each  of  the  zones  within  the  discharge  lamp.  In  other  words,  intensity  and  spread  of 

30  radiation  is  compared  at  the  locations  starting  at  the  longitudinal  axis  of  the  spherical  balls  15  or  the  center 
of  the  first  zone,  zone  "A",  and  progressing  to  the  third  zone,  zone  "C",  which  approaches  the  interior 
portion,  7  of  Figure  1,  of  the  discharge  lamp.  As  can  readily  be  seen,  by  proper  choice  of  the  selected 
elements  it  is  possible  to  provide  radiation  over  a  wide  band  of  the  spectrum  in  each  one  of  the  zones. 
Moreover,  by  combining  these  selected  elements,  the  wide  band  of  radiation  or  "white  light"  of  each  of  the 

35  zones  of  radiation  can  be  combined  to  provide  "white  light"  from  the  discharge  tube  which  has  good 
spectral  uniformity  and  a  minimal  color  separation. 

Obviously,  a  minimal  color  separation  is  important  in  a  discharge  lamp  employed  in  a  projector  or 
optic-lens  system.  Moreover,  it  has  been  found  that  such  minimal  color  separation  is  achievable  by 
minimizing  color  differences  in  each  of  the  zones  and  combining  the  radiation  of  minimal  color  differences 

40  from  each  of  the  radiation  zones  to  provide  light  output  from  the  discharge  lamp. 
Additionally,  it  is  to  be  noted  that  an  arc  source,  such  as  a  metal  halide  discharge  lamp,  provides  not 

only  higher  luminance  but  also  higher  efficacy  than  a  tungsten  source.  Also,  a  metal  halide  discharge  lamp 
provides  a  point  source  relative  to  a  tungsten  source.  Specifically,  a  100-watt  metal  halide  discharge  lamp 
exhibits  a  plasma  having  a  minimum  luminance  intermediate  the  spherical  balls  15  and  a  maximum 

45  luminance  at  or  near  the  spherical  balls  15.  Moreover,  the  plasma  column  is  normally  about  1  to  2  mm  in 
diameter  and  about  3  mm  in  length.  However,  a  tungsten  source  is  about  2.5  mm  in  diameter  and  8  mm  in 
length  with  the  luminance  varying  in  a  sinusoidal  manner  over  the  length  of  the  tungsten  source. 

Following  is  a  table,  Table  I,  showing  a  comparison  in  luminance,  efficacy  and  size  of  a  tungsten 
source,  a  high  pressure  xenon  source  and  a  metal  halide  lamp  source: 

*r  so 
*  TABLE  I 

Size  (mm)  Theoretical 
Luminance  Efficacy  (length  x  throughput 
(Cd/mm)  (lumens/watt)  diam.)  (lumens) 

Tungsten  (300  Watts)  30  33  8x2.5  1980 

Xenon  (150  Watts)  150  20  2.2x5  600 

Metal  halide  lamp  (100  Watts)  75  65  3x1  1300 

As  can  readily  be  seen,  the  tungsten  source  at  300  watts  provides  about  33  lumens  per  watt  as 
65  compared  with  65  L/W  for  a  100-watt  metal  halide  lamp.  Also,  tests  in  a  35  mm  projection  system  indicate 

3 
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an  output  of  about  10,000  lumens  from  the  300-watt  tungsten  source  is  equivalent  to  that  of  the  6,500 
lumens  from  the  100-watt  metal  halide  lamp  source.  The  long  wavelength  radiation  and  the  misdirected 
visible  light  of  the  tungsten  source  tends  to  be  absorbed  as  heat  by  the  film  of  a  projector.  Thus,  it  has  been 
found  that  the  tungsten  lamp  generates  about  270  watts  of  heat  as  compared  to  about  90  watts  or  about  1/3 

s  thereof  by  the  metal  halide  lamp  and  associated  power  supply. 
Further,  the  xenon  source  shows  a  relatively  high  luminance  capability  but  a  relatively  low  efficacy 

capability.  Thus,  a  lumen  output  of  the  xenon  source  which  is  comparable  to  that  provided  by  a  100-watt 
metal  halide  lamp  would  necessitate  a  xenon  source  of  about  200  watts  in  order  to  compensate  for  a 
relatively  poor  efficacy  capability.  Moreover,  a  xenon  source  has  a  relatively  small  diameter,  about  0.5  mm 

10  in  the  example,  as  compared  with  a  metal  halide  lamp,  about  1.0  mm,  which  greatly  and  undesirably 
reduces  the  tolerances  or  variations  in  position  location  of  the  arc  source  when  employed  with  a  reflector  in 
a  projection  system.  In  other  words,  positional  adjustment  of  an  arc  source  in  a  xenon  lamp  is  much  more 
critical  than  in  a  metal  halide  discharge  lamp  system. 

The  proper  fill  for  the  single-ended  metal  halide  discharge  lamp  of  the  invention  is  the  following: 
15 

mercury  6.00  mg 
lithium  iodide  0.10  mg 
zinc  0.10  mg 
scandium  iodide  0.30  mg 

20  thallium  iodide  0.05  mg 
dysprosium  iodide  0.05  mg. .  
mercury  iodide  0.60  mg 
mercury  bromide  0.10  mg 
argon  53329  Pa  (400.00  Torr) 

25 

30 

50 

Thus,  a  single-ended  metal  halide  discharge  lamp  is  provided  with  a  spectral  balanced  light  output 
derived  from  a  multiplicity  of  color  balanced  zones  of  varying  positional  location  within  the  discharge 
envelope.  As  a  result,  an  enhanced  metal  halide  light  source  with  minimal  color  separation,  reduced  cost, 
and  reduced  power  loss  due  to  heat  is  provided. 

Claim 

A  single-ended  metal  halide  discharge  lamp  comprising  an  elliptical  shaped  envelope  (5)  of  fused 
silica,  a  pair  of  electrodes  (9,  11)  sealed  into  and  passing  through  said  envelope  (5),  each  of  said  electrodes 

35  (9,  11)  having  a  spherical  ball  (15)  on  the  end  thereof  within  said  envelope  (5)  and  said  spherical  balls  (15) 
being  spaced  from  one  another  along  a  longitudinal  axis  of  said  envelope,  and  a  gas  fill  within  said 
envelope  including  the  following  components  in  the  given  proportions: 

mercury  6.00  mg 
40  lithium  iodide  0.10  mg 

zinc  0.10  mg 
scandium  iodide  0.30  mg 
thallium  iodide  0.05  mg 
dysprosium  iodide  0.05  mg. 

45  mercury  iodide  0.60  mg 
mercury  bromide  0.10  mg 
argon  53329  Pa  (400.00  Torr), 

whereby  minimal  separation  of  colors  is  achieved. 

Patentanspriiche  S 

Eine  einendige  Metallhalogenid  -  Entladungslampe  mit  einer  elliptisch  geformten  Hulle  (5)  aus 
geschmolzener  Kieselerde,  einem  Elektrodenpaar  (9,  11),  das  in  die  Hulle  (5)  eingesiegelt  ist  und  durch  die 

55  Hulle  hindurchtritt,  wobei  jede  der  Elektroden  (9,  11)  einen  spharischen  Kugelkorper  (15)  an  ihren  Enden 
innerhalb  der  Hulle  (5)  aufweist  und  die  spharischen  Kugelkorper  (15)  zueinander  entlang  einer  Langsachse 
der  Hulle  beabstandet  sind,  und  einer  Gasfiillung  innerhalb  der  Hulle,  die  die  folgenden  Komponenten  in 
den  angegebenen  Proportionen  enthalt: 

60 
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10 

Quecksilber  6,00  mg 
Lithiumjodid  0,01.0  mg 
Zink  0,10  mg 
Skandiumjodid  0,30  mg 

5  Thaliumjodid  0,05  mg 
Dysprosiumjodid  0,05  mg 
Quecksilberjodid  0,60  mg 
Quecksilberbromid  0,1  mg 
Argon  53329  Pa  (400  Torr), 

10 
wobei  eine  minimale  Trennung  der  Farben  erreicht  wird. 

Revendication 

15  Lampe  a  decharge  aux  halogenures  de  metal  a  une  seule  extremite  comprenant  une  ampoule  de  forme 
elliptique  (5)  en  silicefondu,  deux  electrodes  (9,  11)  scellees  a  ettraversant  la  dite  ampoule  (5),  chacune  des 
dites  electrodes  comportant  une  bille  spherique  (15)  a  sont  extremite  situee  dans  I'ampoule  (5),  les  dites 
billes  spheriques  etant  espacees  I'une  de  I'autre  dans  un  axe  longitudinal  de  la  dite  ampoule,  et  un  gaz  de 
rempiissage  a  I'interieur  de  la  dite  ampoule  incluant  les  composants  suivants  dans  les  proportions 

20  donnees: 

mercure  6,00  mg 
iodure  de  lithium  0,10  mg 
zinc  0,10  mg 

25  iodure  de  scandium  0,30  mg 
iodure  de  thallium  0,05  mg 
iodure  de  dysprosium  0,05  mg 
iodure  de  mercure  0,6  mg 
bromure  de  mercure  0,10  mg 

so  argon  53329  Pa  (400,00  Torr) 

de  maniere  a  obtenir  une  separation  minimale  des  couleurs. 

35 
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