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@  Low  wattage  metal  halide  lamp. 

  A  low  wattage  metal  halide  discharge  lamp  includes  a 
sealed  outer  envelope  with  a  pair  of  electrical  conductors 
passing  therethrough  and  containing  an  arc  tube  having  a  pair 
of  electrodes  electrically  connected  to  the  pair  of  electrical 
conductors  with  a  chemical  fill  within  the  arc  tube  including  io- 
dides  of  sodium  and  scandium  of  a  molar  ratio  in  the  range  of 
about  20:1  to  28:1. 



TECHNICAL  FIELD: 
This   i n v e n t i o n   r e l a t e s   to  low  w a t t a g e   me ta l   h a l i d e   l a m p s  

and  more  p a r t i c u l a r l y   to  the   c o n f i g u r a t i o n   and  c h e m i c a l   f i l l   o f  
low  w a t t a g e   me ta l   h a l i d e   l a m p s .  
BACKGROUND  ART: 

G e n e r a l l y ,   m e t a l   h a l i d e   d i s c h a r g e   lamps  a v a i l a b l e   in  t o d a y s  
m a r k e t   are   of  the  i n t e r m e d i a t e   or  h igh   w a t t a g e   v a r i e t y .  
i . e . .   175  to  1500  w a t t s   fo r   e x a m p l e .   Also .   t h e s e   h i g h e r  

w a t t a g e   m e t a l   h a l i d e   lamps  have  the   h i g h e r   e f f i c a c y   which   i s  

d i r e c t l y   r e l a t e d   to  e f f i c i e n c y   and  c o n v e n i e n t l y   d e f i n e d   as  t h e  
r a t i o   of  t o t a l   lumen  o u t p u t   to  i n p u t   power  as  e x p r e s s e d   i n  

lumens  per  w a t t .   M o r e o v e r ,   i t   is  known  t h a t   the   e f f i c a c y   of  a  
lamp  t e n d s   to  d e c r e a s e   as  the   w a t t a g e   d e c r e a s e s .   Thus ,   i t   h a s  

b e e n  g e n e r a l l y   p r e s u p p o s e d   t h a t   low  w a t t a g e   me ta l   h a l i d e   l a m p s .  
w a t t a g e s   of  1 0 0 - w a t t s   or  l e s s .   would  be  e n t i r e l y   u n s a t i s f a c t o r y  
in  so  f a r   as  e f f i c a c y   is  c o n c e r n e d .  

A n o t h e r   common  p r a c t i c e   in  i n t e r m e d i a t e   and  r e l a t i v e l y   h i g h  

w a t t a g e   me ta l   h a l i d e   lamps  is  the   p r o v i s i o n   of  an  i n e r t   f i l l  

gas  in  the  o u t e r   e n v e l o p e   s u r r o u n d i n g   the  arc  t u b e .  

A c c o r d i n g l y .   i t   was  b e l i e v e d   t h a t   the   i n e r t   f i l l   gas  w o u l d  

p r e v e n t   o x i d a t i o n   of  the   m e t a l   p a r t s   l o c a t e d   in  the  o u t e r  

e n v e l o p e   and  i n c r e a s e s   the   b r e a k d o w n   v o l t a g e   whereby   a r c i n g  

would  be  i n h i b i t e d .   However .   i t   was  found  t h a t   the  u n d e s i r e d  

l o s s   of  hea t   due  to  c o n v e c t i o n   c u r r e n t s   made  p o s s i b l e   by  t h e  

p r e s e n c e   of  the  i n e r t   gas  s i g n i f i c a n t l y   r e d u c e d   the  e f f i c a c y   o f  

the  d i s c h a r g e   l a m p .  
Known  a t t e m p t s   to  r e d u c e   t h i s   u n d e s i r e d   hea t   l o s s   due  t o  

c o n v e c t i o n   c u r r e n t s   i n c l u d e   the   u t i l i z a t i o n   of  a  g l a s s   c y l i n d e r  

s u r r o u n d i n g   the  a rc   tube   w i t h i n   the   s e a l e d   o u t e r   e n v e l o p e .  

However ,   s t r u c t u r e s   which   i n c l u d e   a  f i l l   gas  in  the  o u t e r  

e n v e l o p e   do  have  u n d e s i r e d   c o n v e c t i o n   c u r r e n t s .   M o r e o v e r .  

t h e s e   c o n v e c t i o n   c u r r e n t s   and  the   a c c o m p a n y i n g   h e a t   l o s s   a r e  



p r e s e n t   even  t h o u g h   a  g l a s s   c y l i n d e r   l i k e   a r r a n g e m e n t   i s  

e m p l o y e d .  
F u r t h e r ,   the  s m a l l e s t   known  d o m e s t i c   c o m m e r c i a l i z e d   m e t a l  

h a l i d e   d i s c h a r g e   lamp  is  a  S y l v a n i a   175  w a t t   lamp  formed  f o r  
h o r i z o n t a l   o p e r a t i o n   on ly   and  h a v i n g   a  c o l o r   t e m p e r a t u r e   o f  
about   3000°  K.  This   lamp  has  a  p h o s p h o r - c o a t e d   o u t e r   e n v e l o p e  
which  t r a n s f o r m s   UV  r a d i a t i o n   i n t o   v i s i b l e   red  r a d i a t i o n  

t h e r e b y   c r e a t i n g   a  r e l a t i v e l y   warm  c o l o r   a p p e a r a n c e .   H o w e v e r .  
the  lamp  u n d e s i r a b l y   r e q u i r e s   a  r e l a t i v e l y   l a r g e   and  cumbe r some  
l u m i n a i r e   for   a d e q u a t e   l i g h t   d i s t r i b u t i o n   c o n t r o l ,   in  a d d i t i o n ,  
has  the   d i s a d v a n t a g e   of  be ing   o p e r a b l e   in  a  h o r i z o n t a l   p o s i t i o n  

o n l y .  
OBJECTS  AND  SUMMARY  OF  THE  INVENTION: 

An  o b j e c t   of  the   p r e s e n t   i n v e n t i o n   is  to  overcome  t h e  
d i f f i c u l t i e s   of  the   p r i o r   a r t .   A n o t h e r   o b j e c t   of  the  i n v e n t i o n  

is  to  p r o v i d e   an  improved   me ta l   h a l i d e   d i s c h a r g e   lamp  h a v i n g  
r e l a t i v e l y   low  w a t t a g e   and  r e d u c e d   h e a t   l o s s e s   due  t o  
c o n v e c t i o n   c u r r e n t s .   S t i l l   a n o t h e r   o b j e c t   of  the   i n v e n t i o n   i s  

to  p r o v i d e   a  low  w a t t a g e   h igh   e f f i c i e n c y   m e t a l   h a l i d e   d i s c h a r g e  

lamp  of  sma l l   s i z e   and  h a v i n g   a  c o l o r   t e m p e r a t u r e   of  a b o u t  

3000°K.  A  f u r t h e r   o b j e c t   of  the  i n v e n t i o n   is  to  p r o v i d e   a 
c h e m i c a l   f i l l   for   a  low  w a t t a g e   r e l a t i v e l y   h igh   e f f i c a c y   m e t a l  
h a l i d e   d i s c h a r g e   l a m p .  

These  and  o t h e r   o b j e c t s ,   a d v a n t a g e s   and  c a p a b i l i t i e s   a r e  
a c h i e v e d   in  one  a s p e c t   of  the  i n v e n t i o n   by  a  low  w a t t a g e   m e t a l  

h a l i d e   d i s c h a r g e   lamp  h a v i n g   an  o u t e r   g l a s s   e n v e l o p e   wi th   a 

p a i r   of  e l e c t r i c a l   c o n d u c t o r s   s e a l e d   i n to   and  p a s s i n g  

t h e r e t h r o u g h .   an  a rc   tube   d i s p o s e d   w i t h i n   the  e n v e l o p e   and  t h e  

arc   tube   h a v i n g   a  p a i r   of  spaced   e l e c t r o d e s   w i t h   each  of  t h e  

e l e c t r o d e s   e l e c t r i c a l l y   c o n n e c t e d   to  one  of  the   p a i r   o f  

e l e c t r i c a l   c o n d u c t o r s   and  a  c h e m i c a l   f i l l   w i t h i n   the   arc  t u b e  

i n c l u d i n g   sodium  and  s c a n d i u m   i o d i d e s   of  a  molar   r a t i o   in  t h e  

range   of  abou t   20:1  to  2 8 : 1 .  



BRIEF  DESCRIPTION  OF  THE  DRAWINGS: 

FIG.  1  is  a  c r o s s - s e c t i o n a l   v iew  of  a  low  w a t t a g e   m e t a l  
h a l i d e   d i s c h a r g e   lamp  of  the   i n v e n t i o n :  

FIG.  2  is  c h r o m a t i c i t y   c o o r d i n a t e   c h a r t   for   molar   r a t i o s   o f  
sod ium  i o d i d e   to  s c a n d i u m   i o d i d e :  

FIG.  3  is  a  c h a r t   i l l u s t r a t i n g   the  c o l o r   t e m p e r a t u r e   ( T c )  
and  c o l o r   r e n d e r i n g   i n d e x   (CRI)  for   molor  r a t i o s   of  s o d i u m  
i o d i d e   and  s cand ium  i o d i d e ;   a n d  

FIG.  4  is  a  c o m p a r i s o n   c h a r t   i l l u s t r a t i n g   the  lumens  p e r  
w a t t   of  low  w a t t a g e   m e t a l   h a l i d e   d i s c h a r g e   lamps  at  v a r i o u s  
sodium  to  s cand ium  i o d i d e   mola r   r a t i o s .  

BEST  MODE  FOR  CARRYING  OUT  THE  INVENTION: 

For  a  b e t t e r   u n d e r s t a n d i n g   of  the  p r e s e n t   i n v e n t i o n .  

t o g e t h e r   w i th   o t h e r   and  f u r t h e r   o b j e c t s ,   a d v a n t a g e s   a n d  

c a p a b i l i t i e s   t h e r e o f ,   r e f e r e n c e   is  made  to  the  f o l l o w i n g  
d i s c l o s u r e   and  a p p e n d e d   c l a i m s   in  c o n j u n c t i o n   w i th   t h e  

a c c o m p a n y i n g   d r a w i n g s .  

R e f e r r i n g   to  FIG.  1  of  the   d r a w i n g s ,   a  low  w a t t a g e   m e t a l  

h a l i d e   arc  d i s c h a r g e   lamp  5  i m p o r t a n t l y   i n c l u d e s   an  e v a c u a t e d  

o u t e r   e n v e l o p e   7.  Th i s   e v a c u a t e d   o u t e r   e n v e l o p e   7  i s  

h e r m e t i c a l l y   s e a l e d   to  a  g l a s s   s tem  member  9  h a v i n g   an  e x t e r n a l  

base   member  11  a f f i x e d   t h e r e t o .   A  p a i r   of  e l e c t r i c a l  

c o n d u c t o r s   13  and  15  a re   s e a l e d   i n t o   and  pass   t h r o u g h   the  s t e m  

member  9  and  p r o v i d e   a c c e s s   for   e n e r g i z a t i o n   of  the  d i s c h a r g e  

lamp  5  by  an  e x t e r n a l   s o u r c e   (not   s h o w n ) .  
W i t h i n   the  vacuum  of  the   e v a c u a t e d   o u t e r   e n v e l o p e   7,  a  

s u p p o r t   member  17  is  a f f i x e d   to  one  of  the  e l e c t r i c a l  

c o n d u c t o r s   13  and  e x t e n d s   s u b s t a n t i a l l y   p a r a l l e l   to  t h e  

l o n g i t u d i n a l   a x i s   of  the   lamp  5  and  forms  a  c i r c u l a r  

c o n f i g u r a t i o n   19  nea r   the  u p p e r   p o r t i o n   of  the  e n v e l o p e   7 .  

This   c i r c u l a r   c o n f i g u r a t i o n   19  in  c o n j u n c t i o n   w i th   the  u p p e r  

p o r t i o n   of  the  e n v e l o p e   7  t e n d s   to  m a i n t a i n   the  s u p p o r t   member  

17  in  p r o p e r   a l i g n m e n t   and  r e s i s t a n t   to  d e f o r m a t i o n   caused   b y  

e x t e r n a l   s h o c k .  



A  f i r s t   s t r a p   member  21  is  welded   to  the   s u p p o r t   member  17 
and  e x t e n d s   t h e r e f r o m   in  a  d i r e c t i o n   normal   to  the  l o n g i t u d i n a l  
a x i s   and  the  d i r e c t i o n   of  the  s u p p o r t   member  17.  A  domed 

q u a r t z   s l e e v e   or  t e m p e r a t u r e   e q u a l i z i n g   means  23  has  a  p a i r   o f  
o p p o s i t e l y   d i s p o s e d   n o t c h e s   25  and  27  on  the  end  t h e r e o f   28 
o p p o s i t e   to  the  dome  p o r t i o n .   These  n o t c h e s   25  and  27  a r e  
formed  to  s l i p   over   the   f i r s t   s t r a p   member  21  which   s e r v e s   t o  
s u p p o r t   the  domed  q u a r t z   s l e e v e   23.  Also .   a  s u b s t a n t i a l l y  
c i r c u l a r   shaped   s t r a p   29  s u r r o u n d s   the  domed  q u a r t z   s l e e v e   23 
near   the  domed  p o r t i o n   t h e r e o f   and  is  a t t a c h e d   to  the  s u p p o r t  
member  1 7 .  

W i t h i n   the  t e m p e r a t u r e   e q u a l i z i n g   means  or  domed  q u a r t z  
s l e e v e   23  is  an  a rc   t ube   31  hav ing   a  c h e m i c a l   f i l l   i n c l u d i n g  
e l e m e n t a l  s c a n d i u m   and  m e r c u r y ,   sodium,   s c a n d i u m   and  c e s i u m  
i o d i d e s   and  an  i n e r t   gas .   The  arc  tube   31  has  a  p i n c h   s e a l   a t  
o p p o s i t e   ends  t h e r e o f .  3 3   and  35  r e s p e c t i v e l y .   Meta l   f o i l  
members  37  and  39  a re   s e a l e d   i n t o   the  p r e s s   s e a l s   33  and  35  and  
e l e c t r i c a l   c o n d u c t o r s   41  and  4 3  a r e   a t t a c h e d   to  the  f o i l  

members  37  and  39  and  e x t e n d   o u t w a r d l y   from  the  p r e s s   s e a l s   33 

and  35.  A  f l e x i b l e   s u p p o r t   member  45  is  a f f i x e d   to  one  of  t h e  
e l e c t r i c a l   c o n d u c t o r s   41  and  to  the  s u p p o r t   member  17.  A l s o .  
lead   47  is  a f f i x e d   to  the   o t h e r   e l e c t r i c a l   c o n d u c t o r   43  w h i c h  

p a s s e s   t h r o u g h   the   domed  p o r t i o n   of  the  domed  q u a r t z   s l e e v e  

23.  M o r e o v e r ,   a  f l e x i b l e   s p r i n g - l i k e   member  49  c o n n e c t s   t h e  

lead  47  to  the  o t h e r   one  15  of  the  p a i r   of  e l e c t r i c a l  

c o n d u c t o r s   13  and  15.  A  p a i r   of  g e t t e r s   51  and  53  are  a f f i x e d  

to  the  e l e c t r i c a l   c o n d u c t o r s   13  and  15  and  s e r v e   to  p r o v i d e   and  

m a i n t a i n   the  vacuum  w i t h i n   the  e v a c u a t e d   o u t e r   e n v e l o p e   7  a n d  

the  domed  q u a r t z   s l e e v e   2 3 .  

R e f e r r i n g   to  the   a rc   tube   31,  a  p r e f e r r e d   c o n f i g u r a t i o n .  
s u i t a b l e   for  use  in  a  m e t a l   h a l i d e   lamp  of  a  s i z e   in  the  r a n g e  
of  about   40  to  150  w a t t s   for   example ,   would  have  an  i n n e r  

d i a m e t e r   of  abou t   10mm  and  an  arc  l e n g t h   b e t w e e n   the  e l e c t r o d e s  



41  and  43  of  abou t   14mm.  Also .   i t   may  be  no ted   t h a t   each  o f  
the   ends  of  the   a rc   tube   31  i m m e d i a t e l y   a d j a c e n t   and  i n c l u d i n g  
the   p r e s s   s e a l s   33  and  35  is  c o a t e d   w i t h   a  w h i t e   z i r c o n i u m  

o x i d e   p a i n t   in  o r d e r   to  p r o v i d e   a  w a l l   t e m p e r a t u r e   of  i n c r e a s e d  

u n i f o r m i t y .   M o r e o v e r ,   i t   has  been  found  t h a t   a  wa l l   l o a d i n g   i n  
the   r a n g e   of  abou t   14  to  17  w a t t s / c m 2   is  p r e f e r a b l e   and  now 
a t t a i n a b l e   in  me ta l   h a l i d e   lamps  of  a  s i z e   in  the  range   o f  
a b o u t   40  to  1 5 0 - w a t t s ,   and  of  the  a b o v e - m e n t i o n e d   c o n f i g u r a t i o n .  

R e f e r r i n g   to  the  c h e m i c a l   f i l l   of  the  a b o v e - m e n t i o n e d  

d i s c h a r g e   lamp  c o n f i g u r a t i o n ,   the  c o m p a r i s o n   g raph   of  FIG.  2 
i l l u s t r a t e s   v a r i o u s   r a t i o s   of  sodium  and  s c a n d i u m   i o d i d e s   a s  
p l o t t e d   on  c h r o m a t i c i t y   c o o r d i n a t e s   (x  and  y)  of  a  s t a n d a r d  

c h r o m a t i c i t y   c h a r t .   As  can  r e a d i l y   be  seen   on  the   g raph ,   t h e  
mola r   r a t i o   of  sodium  to  s cand ium  i o d i d e   which  most  c l o s e l y  

a p p r o a c h e s   the  h i g h l y   d e s i r a b l e   b l a c k   body  (BB)  c u r v e  
r e p r e s e n t a t i v e   of  the   o u t p u t   of  an  i n c a n d e s c e n t   lamp  is  a  m o l a r  
r a t i o   in  the  r ange   of  abou t   20:1  to  2 8 : 1 .   More  s p e c i f i c a l l y ,   a  
sodium  to  s c a n d i u m   i o d i d e   mo la r s   r a t i o   of  abou t   24:1  a p p e a r s   t o  

be  a  h i g h l y   d e s i r a b l e   f i l l   c o n d i t i o n   for   me t a l   h a l i d e   d i s c h a r g e  

l amps .   M o r e o v e r ,   i t   is  to  be  no ted   t h a t   the  a b o v e - m e n t i o n e d  

h i g h l y   d e s i r a b l e   sodium  to  s cand ium  i o d i d e   molar   r a t i o s   a r e  
b i a s e d   t oward   the  red  s i d e   (below  the   BB  c u r v e )   which  i s  

p r e f e r a b l e   in  t e rms   of  g e n e r a l   i l l u m i n a t i o n   a p p l i c a t i o n s .  

A l s o ,   the   c o l o r   t e m p e r a t u r e s   (Tc)  and  g e n e r a l   c o l o r  

r e n d e r i n g   i ndex   (CRI)  for   the  a b o v e - m e n t i o n e d   lamps  h a v i n g  

v a r i o u s   molar   r a t i o s   is  i l l u s t r a t e d   in  FIG.  3.  As  can  be  s e e n .  

the   p r e v i o u s l y - m e n t i o n e d   d e s i r a b l e   mola r   r ange   of  about   20:1  t o  

28:1   of  sodium  to  s c a n d i u m   i o d i d e s   p r o v i d e s   a  d e s i r e d   c o l o r  

t e m p e r a t u r e   of  abou t   3000°K  w i t h i n   a  r ange   of  not  more  or  l e s s  

t h a n   a b o u t   200°K.  M o r e o v e r ,   the  sodium  to  s cand ium  i o d i d e  

molar   r a t i o   of  a b o u t   24:1  a p p e a r s   to  ve ry   c l o s e l y   a p p r o a c h   t h e  

d e s i r e d   3000°K  c o l o r   t e m p e r a t u r e .  



F u r t h e r ,   the  c o m p a r i s o n   g raph   of  FIG.  3  a l s o   i l l u s t r a t e s  

the  c o n s t a n t   c o l o r   r e n d e r i n g   index   (CRI)  at  v a r i o u s   m o l a r  
r a t i o s   of  sodium  to  s cand ium  i o d i d e .   Again ,   i t   can  be  s e e n  
t h a t   a  molar   r a t i o   of  abou t   24:1  a p p r o a c h e s   a  h i g h l y   d e s i r a b l e  
v a l u e   of  about   65.0  on  the  CRI  i ndex   wi th   the  r ange   of  m o l a r  
r a t i o s   of  abou t   20:1   to  28:1  not  v a r y i n g   from  the  p r e f e r r e d  
v a l u e   of  65.0  by  not  more  or  l e s s   t han   abou t   2.0  i n d i c e s .  

A l s o .   the  lamp  e f f i c i e n c y   at  the   a b o v e - m e n t i o n e d   v a r y i n g  
molar   r a t i o s   of  sodium  to  s cand ium  i o d i d e s   is  i l l u s t r a t e d   i n  

FIG.  4.  H e r e i n   i t   can  be  seen  t h a t   a  sodium  to  s c a n d i u m   i o d i d e  
molar   r a t i o   of  abou t   24:1  p r o v i d e s   a  d e s i r a b l e   e f f i c i e n c y   o f  
about   100  lumens  per  w a t t   (LPW).  M o r e o v e r ,   t h i s   d e s i r a b l e   100 
LPW  c a p a b i l i t y   r e m a i n s   s u b s t a n t i a l l y   c o n s t a n t   over  a  sodium  t o  
s c a n d i u m   i o d i d e   molar   r a t i o   in  the   range   of  abou t   20:1  to  2 8 : 1 .  

F u r t h e r ,   t e s t s   were  run  to  d e t e r m i n e   an  optimum  dosage   o f  
sodium  to  s cand ium  i o d i d e   at  a  molar   r a t i o   of  abou t   2 4 : 1 .  

Employ ing   a  lamp  h a v i n g   an  arc  tube   volume  of  abou t   1  cm3  a n d  

v a r y i n g   to  s a l t   dosage   from  about   8  to  20  mg,  i t   was  found  t h a t  

a  dosage   of  abou t   12  m g / c m   at  the   p r e f e r r e d   molar   r a t i o   o f  

about   24:1  y i e l d e d   the  h i g h e s t   lumens  per  w a t t   and  c o l o r  

r e n d e r i n g   index  (CRI) .   At  dosages   of  a  w e i g h t   l e s s   t han   a b o u t  

12  mg.  i t   was  found  t h a t   the  d e s i r e d   c o l o r   r e n d e r i n g   i n d e x  

(CRI)  cou ld   not  be  s u s t a i n e d   w h i l e   d o s a g e s   g r e a t e r   t han   a b o u t  

12  mg  r e s u l t e d   in  poor  lumen  m a i n t e n a n c e   and  a  s h o r t e n e d   l a m p  

l i f e .   M o r e o v e r ,   i t   was  found  t h a t   a  dosage   of  a b o u t  

12  m g / c m   was  most  a p p r o p r i a t e   for   lamps  in  the  r ange   o f  

about   40  to  150  w a t t s .  

A d d i t i o n a l l y ,   i t   has  been  found  t h a t   the  i n c o r p o r a t i o n   o f  

ces ium  i o d i d e   i n t o   the  lamp  dosage   e n h a n c e s   the  s t a r t i n g   t i m e  

of  the  d i s c h a r g e   lamp.  Upon  the  i n c l u s i o n   of  ces ium  i o d i d e   i n  

the  r ange   of  abou t   0.3  to  1.0  mg  in  the  a b o v e - m e n t i o n e d   l a m p s .  

i t   was  found  t h a t   the   lamp  s t a r t i n g   could   be  r e d u c e d   from  a n  

a v e r a g e   of  abou t   one  to  one  and  o n e - h a l f   (1-1  1 /2)   m i n u t e s  



w i t h o u t   the  ces ium  i o d i d e   to  v i r t u a l   i n s t a n t a n e o u s   s t a r t i n g  
( l e s s   t h a n   1 - s e c )   when  a  dosage   of  a b o u t   0.5  mg  was  e m p l o y e d .  
L e s s e r   amounts   of  ces ium  i o d i d e   p r o v i d e   much  s m a l l e r  

i m p r o v e m e n t s   in  s t a r t i n g   t ime  w h i l e   g r e a t e r   amounts   t e n d e d   t o  

d e g r a d e   lamp  e f f i c i e n c y   and  warm  c o l o r   c h a r a c t e r i s t i c s .   T h u s .  
the   p r e f e r r e d   d o s a g e   for   a  meta l   h a l i d e   d i s c h a r g e   lamp  h a v i n g   a  
volume  of  abou t   1  cm3  and  a  w a t t a g e   in  the  r ange   of  about   40  

to  150  w a t t s   i n c l u d e s   abou t   12mg  of  sod ium,   s cand ium  and  c e s i u m  
i o d i d e s   in  the   molar   r a t i o   of  a b o u t   2 4 : 1  :   0 . 6 .  

In  a d d i t i o n   to  the  a b o v e - m e n t i o n e d   c o m p o n e n t s ,   i t   has  b e e n  
d e t e r m i n e d   t h a t   a  w e i g h t   dosage   of  a b o u t   100  m i c r o g r a m s / c m 3  

of  e l e m e n t a l   s c a n d i u m ,   e l e m e n t a l   m e r c u r y   in  a c c o r d a n c e   w i t h   t h e  
f o r m u l a :  

where   D  =  arc   tube   d i a m e t e r   in  m i l l i m e t e r s  

and  a r g o n   gas  at  a  p r e s s u r e   of  a b o u t   100  t o r r   are   m o s t  

a p p r o p r i a t e   to  the  above  m e n t i o n e d   m e t a l   h a l i d e   lamps  of  a b o u t  

40  to  150  w a t t s .   Thus,   a  d i s c h a r g e   lamp  of  enhanced   c o l o r  

t e m p e r a t u r e ,   s t a r t i n g   c a p a b i l i t y ,   e x t e n d e d   l i f e   and  e f f i c i e n c y  
is  a t t a i n a b l e   in  w a t t a g e s   l e s s   t h a n   p r e v i o u s l y   known.  

Whi le   t h e r e   has  been  shown  and  d e s c r i b e d   what  is  at  p r e s e n t  
c o n s i d e r e d   the   p r e f e r r e d   e m b o d i m e n t s   of  t h i s   i n v e n t i o n ,   i t   w i l l  

be  o b v i o u s   to  t h o s e   s k i l l e d   in  the   a r t   t h a t   v a r i o u s   changes   a n d  

m o d i f i c a t i o n s   may  be  made  t h e r e i n   w i t h o u t   d e p a r t i n g   from  t h e  

i n v e n t i o n   as  d e f i n e d   by  the  a p p e n d e d   c l a i m s .  



1.  A  low  w a t t a g e   m e t a l   h a l i d e   d i s c h a r g e   lamp  c o m p r i s i n g :  

an  o u t e r   s e a l e d   g l a s s   e n v e l o p e ;  
a  p a i r   of  e l e c t r i c a l   c o n d u c t o r s   s e a l e d   i n t o   and  p a s s i n g  

t h r o u g h   s a i d   g l a s s   e n v e l o p e :  
an  arc   tube   d i s p o s e d   w i t h i n   s a i d   o u t e r   g l a s s   e n v e l o p e ,   s a i d  

arc   t ube   hav ing   a  p a i r   of  s p a c e d   e l e c t r o d e s   t h e r e i n   w i t h   e a c h  
e l e c t r o d e   e l e c t r i c a l l y   c o n n e c t e d   to  one  of  s a i d   p a i r   o f  
e l e c t r i c a l   c o n d u c t o r s :   a n d  

a  c h e m i c a l   f i l l   d i s p o s e d   w i t h i n   s a id   arc   tube   i n c l u d i n g  
sodium  and  scand ium  i o d i d e   of  a  mola r   r a t i o   in  the  r ange   o f  

abou t   20:1  to  2 8 : 1 .  

2.  The  l o w - w a t t a g e   m e t a l   h a l i d e   d i s c h a r g e   lamp  of  Cla im  1 
w h e r e i n   sa id   c h e m i c a l   f i l l   i n c l u d e s   ces ium  i o d i d e ,   e l e m e n t a l  

m e r c u r y ,   e l e m e n t a l   s c a n d i u m ,   and  an  i n e r t   g a s .  

3.  The  low  w a t t a g e   m e t a l   h a l i d e   d i s c h a r g e   lamp  of  Claim  1 

w h e r e i n   sa id   c h e m i c a l   f i l l   i n c l u d e s   sodium,   s cand ium  and  c e s i u m  

i o d i d e s   of  a  molar  r a t i o   of  abou t   2 4 : 1  :   0 . 6 .  

4.  The  low  w a t t a g e   m e t a l   h a l i d e   d i s c h a r g e   lamp  of  Cla im  1 

w h e r e i n   s a i d   d i s c h a r g e   lamp  is  of  a  s i z e   in  the  r ange   of  a b o u t  

40  to  150  w a t t s .  

5.  The  low  w a t t a g e   m e t a l   h a l i d e   d i s c h a r g e   lamp  of  Claim  1 

w h e r e i n   s a id   d i s c h a r g e   lamp  i n c l u d e s   an  e v a c u a t e d   s e a l e d   g l a s s  

e n v e l o p e   and  a  t e m p e r a t u r e   e q u a l i z i n g   means  w i t h i n   s a i d  

e n v e l o p e   and  s u r r o u n d i n g   s a i d   a rc   t u b e .  

6.  The  low  w a t t a g e   m e t a l   h a l i d e   d i s c h a r g e   lamp  of  Claim  1 

w h e r e i n   s a id   c h e m i c a l   f i l l   i n c l u d e s   ces ium  i o d i d e   of  a  w e i g h t  

dosage   of  about   0.5  m g / c m  .  



7.  The  low  w a t t a g e   me ta l   h a l i d e   d i s c h a r g e   lamp  of  Claim  1 
w h e r e i n   s a i d   c h e m i c a l   f i l l   i n c l u d e s   ces ium  i o d i d e   and  s a i d  

sod ium,   s c a n d i u m   and  ce s ium  i o d i d e s   are   of  a  w e i g h t   dosage   o f  

abou t   12  m g / c m  .  

8.  The  low  w a t t a g e   me ta l   h a l i d e   d i s c h a r g e   lamp  of  Claim  1 
w h e r e i n   s a i d   c h e m i c a l   f i l l   i n c l u d e s   e l e m e n t a l   s c a n d i u m   of  a  
w e i g h t   dosage   in  the  r ange   of  abou t   90  to  110  m i c r o g r a m s / c m 3 .  

9.  The  low  w a t t a g e   m e t a l   h a l i d e   d i s c h a r g e   lamp  of  Claim  1 
w h e r e i n   s a i d   c h e m i c a l   f i l l   i n c l u d e s   an  i n e r t   gas  at   a  p r e s s u r e  
of  a b o u t   100  t o r r .  

10.  The  low  w a t t a g e   me ta l   h a l i d e   d i s c h a r g e   lamp  of  Claim  1 
w h e r e i n   s a i d   c h e m i c a l   f i l l   i n c l u d e s   e l e m e n t a l   m e r c u r y   of  a  
w e i g h t   dosage   in  a c c o r d a n c e   wi th   the  f o r m u l a t i o n :  

where :   D  =  arc   tube   i n n e r   d i a m e t e r   in  m i l l i m e t e r s .  

11.  The  low  w a t t a g e   me ta l   h a l i d e   d i s c h a r g e   lamp  of  Claim  1 

w h e r e i n   s a i d   d i s c h a r g e   lamp  has  a  c o l o r   t e m p e r a t u r e   of  a b o u t  

3000°K  w i t h i n   a  range   of  not   more  nor  l e s s   t han   abou t   2 0 0 ° K .  

12.  The  low  w a t t a g e   me ta l   h a l i d e   d i s c h a r g e   lamp  of  Claim  1 

w h e r e i n   s a i d   lamp  has  a  c o l o r   r e n d e r i n g   i ndex   (CRI)  of  abou t   65 

w i t h i n   a  range   of  not  more  nor  l e s s   than   abou t   2 .0  i n d i c e s .  

13.  The  low  w a t t a g e   me ta l   h a l i d e   d i s c h a r g e   lamp  of  Claim  1 

w h e r e i n   s a i d   arc  tube   has  a  wa l l   l o a d i n g   in  the  r ange   of  a b o u t  

14  to  17  w a t t s / c m 2 .  



14.  A  meta l   h a l i d e   d i s c h a r g e   lamp  in  the  range   of  abou t   40 

to  150  w a t t s   c o m p r i s i n g :  

an  e v a c u a t e d   o u t e r   e n v e l o p e ;  
a  p a i r   of  e l e c t r i c a l   c o n d u c t o r s   s e a l e d   i n t o   and  p a s s i n g  

t h r o u g h   sa id   o u t e r   e n v e l o p e :  

an  arc   tube  d i s p o s e d   w i t h i n   s a i d   o u t e r   e n v e l o p e   and  h a v i n g  
a  p a i r   of  spaced  e l e c t r o d e s   w i t h   each  of  s a i d   e l e c t r o d e s  

e l e c t r i c a l l y   c o n n e c t e d   to  one  of  s a i d   p a i r   of  e l e c t r i c a l  

c o n d u c t o r s :  

a  domed  q u a r t z   s l e e v e   t e l e s c o p e d   over  s a i d   arc   tube   w i t h i n  
s a i d   o u t e r   e n v e l o p e ;   a n d  

a  c h e m i c a l   f i l l   w i t h i n   s a i d   a rc   tube   i n c l u d i n g   e l e m e n t a l  

s c a n d i u m ,   e l e m e n t a l   m e r c u r y ,   an  i n e r t   gas  and  i o d i d e s   o f  
sod ium,   scandium  and  ces ium  w i t h   s a i d   sodium  and  s c a n d i u m  
i o d i d e s   be ing   of  a  molar   r a t i o   in  the   range   of  abou t   20:1  t o  
2 8 : 1 .  

15.  The  meta l   h a l i d e   d i s c h a r g e   lamp  of  Claim  14  w h e r e i n  

s a i d   sodium,   s cand ium  and  ces ium  i o d i d e s   are  of  a  molar   r a t i o  

of  abou t   2 4 : 1  :   0 . 6 .  

16.  The  meta l   h a l i d e   d i s c h a r g e   lamp  of  Claim  14  w h e r e i n  

s a i d   ces ium  i o d i d e   is  of  a  dosage   of  abou t   0.5  mg /cm3 .  

17.  The  meta l   h a l i d e   d i s c h a r g e   lamp  of  Claim  14  w h e r e i n  

s a i d   i o d i d e s   of  sodium,   s c a n d i u m   and  ces ium  are  of  a  dosage   o f  

abou t   12  mg/cm3.  

18.  The  meta l   h a l i d e   d i s c h a r g e   lamp  of  Claim  14  w h e r e i n  

s a i d   e l e m e n t a l   s cand ium  is  of  a  d o s a g e   in  the  r ange   of  abou t   90 

to  110  m i c r o g r a m s / c m 3 .  

19.  The  meta l   h a l i d e   d i s c h a r g e   lamp  of  Claim  14  w h e r e i n  

s a i d   i n e r t   gas  is  a rgon   at  a  p r e s s u r e   of  abou t   100  t o r r .  



20.  The  low  w a t t a g e   me ta l   h a l i d e   d i s c h a r g e   lamp  o f  
Claim  14  w h e r e i n   s a i d   c h e m i c a l   f i l l   i n c l u d e s   e l e m e n t a l   m e r c u r y  
of  a  w e i g h t   dosage   in  a c c o r d a n c e   w i t h   the  f o r m u l a t i o n :  

where :   D  =  arc   t u b e   i n n e r   d i a m e t e r   in  m i l l i m e t e r s .  

21.  The  me ta l   h a l i d e   d i s c h a r g e   lamp  of  Cla im  14  w h e r e i n  

s a i d  l a m p   has  a  c o l o r   t e m p e r a t u r e   of  abou t   3000°K  w i t h i n   a  

range   of  not  more  t h a n   or  l e s s   than   abou t   2 0 0 ° K .  

22.  The  me ta l   h a l i d e   d i s c h a r g e   lamp  of  Claim  14  w h e r e i n  

s a i d   arc   t ubes   has  a  w a l l   l o a d i n g   in  the  r ange   of  abou t   14  t o  

17  w a t t s / c m 2 .  
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