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@)  Ceramic  seal  for  high  pressure  sodium  vapor  lamps. 

  improved  ceramic  seals  for  both  ends  of  a  tubular  light 
transmitting  ceramic  envelope  used  in  sodium  vapor  lamps  are 
disclosed  to  provide  a  more  reliable  hermetic  seal.  One  end 
closure  comprises  a  ceramic  plug  inserted  into  one  end  of  the 
light  transmitting  envelope  and  being  hermetically  sealed  to 
the  inner  wall  of  said  envelope  with  ceramic  sealing  frit,  said 
ceramic  plug  having  a  central  opening  through  which  extends 
one  thermionic  electrode  inlead  which  is  hermetically  sealed  at 
said  opening  with  ceramic  sealing  frit,  and  having  a  transverse 
metal  cross  piece  joined  to  said  inlead.  The  remaining  end  clo- 
sure  comprises  a  ceramic  disc  having  a  larger  diameter  than 
the  inner  diameter  of  said  light  transmitting  envelope  which  is 
hermetically  sealed  with  ceramic  sealing  frit  to  the  end  of  said 
light  transmitting  envelope  as  well  as  to  the  surface  of  a  ceram- 
ic  plug  inserted  into  the  end  of  said  light  transmitting  envelope, 
with  both  said  ceramic  disc  and  ceramic  plug  having  central 
openings  through  which  extends  an  inlead  and  exhaust  tube 
member  for  the  remaining  thermionic  electrode  and  which  is 
hermetically  sealed  at  the  central  opening  of  said  ceramic  plug 
with  ceramic  sealing  frit. 



BACKGROUND  OF  THE  INVENTION 

V a r i o u s   t y p e   c e r a m i c   s e a l s   a r e   a l r e a d y   known  t o  

c l o s e   e a c h   end  of  t h e   t u b u l a r   l i g h t - t r a n s m i t t i n g   c e r a m i c  

e n v e l o p e   u s e d   f o r   s o d i u m   v a p o r   l a m p s   s u c h   as  d e s c r i b e d   i n  

U n i t e d   S t a t e s   p a t e n t s   4 , 0 3 4 , 2 5 2   and   4 , 0 6 5 , 6 9 1 ,   b o t h  

a s s i g n e d   to   t h e   a s s i g n e e   of  t h e   p r e s e n t   i n v e n t i o n .   I n  

s a i d   e a r l i e r   i s s u e d   p a t e n t ,   t h e   end  of  s a i d   a r c   t u b e   i s  

c l o s e d   w i t h   a  c e r a m i c   p l u g   t h a t   i s   i n s e r t e d   i n t o   t he   a r c  

t u b e   end  and  w h i c h   has   a  c e n t r a l   a p e r t u r e   to  p e r m i t  

p a s s a g e   of  an  e l e c t r o d e   i n l e a d   t h e r e t h r o u g h ,   w i t h   a l l   o f  

s a i d   m e m b e r s   b e i n g   h e r m e t i c a l l y   s e a l e d   t o g e t h e r   by  s e a l i n g  

f r i t .   The  s e a l i n g   f r i t   i s   s a i d   to  be  c o m p r i s e d   p r i m a r i l y  

of  a l u m i n u m   o x i d e   and  c a l c i u m   o x i d e   w h i c h   i s   h e a t e d   t o  

p r o v i d e   a  m o l t e n   g l a s s   d u r i n g   t h e   s e a l i n g   o p e r a t i o n .   A 

m e t a l   c r o s s   p i e c e   i s   a t t a c h e d   d i r e c t l y   to  s a i d   i n l e a d  

i m m e d i a t e l y   n e x t   to   t h e   c e r a m i c   p l u g   w h i c h   e x t e n d s  

t r a n s v e r s e l y   a c r o s s   t h e   end  of  t h e   a r c   t u b e   and  p h y s i c a l l y  

s u p p o r t s   t h e   t h e r m i o n i c   e l e c t r o d e   j o i n e d   t h e r e t o .   T h e  

h e r m e t i c   s e a l   i s   f o r m e d   w i t h   a  l i q u i d   s l u r r y   of  s u s p e n d e d  

f r i t   p a r t i c l e s   t h a t   i s   d r awn   by  c a p i l l a r y   a c t i o n   w i t h  

a s s i s t a n c e   of  t h e   c r o s s   p i e c e   i n t o   t h e   f r e e   s p a c e   e x i s t i n g  

b e t w e e n   j o i n e d   c o m p o n e n t s .   In  t h e   s u b s e q u e n t l y   i s s u e d  

a f o r e m e n t i o n e d   p a t e n t ,   t he   end  c l o s u r e   i s   p r o v i d e d   by  a  

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

a g a i n   p e r m i t s   p a s s a g e   of  an  e l e c t r o d e   i n l e a d   w i r e  



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

b e t w e e n   a l l   of  t h e   j o i n e d   m e m b e r s .   A  s i g n i f i c a n t  

d i f f e r e n c e   d o e s   e x i s t ,   h o w e v e r ,   w i t h   r e s p e c t   to  t he   m a n n e r  

in   w h i c h   a  h e r m e t i c   s e a l   i s   a c h i e v e d   in  t h i s   end  c l o s u r e  

b e t w e e n   two  s p a c e d   a p a r t   s e a l i n g   r e g i o n s .   Two  p r e f o r m e d  

r i n g s   or  w a s h e r s   of  t h e   c e r a m i c   f r i t   m a t e r i a l   a re   e m p l o y e d  

f u r t h e r   r e q u i r i n g   t h a t   c l o s e   t o l e r a n c e   d i m e n s i o n s   b e  

m a i n t a i n e d   b e t w e e n   a l l   of  t he   c o m p o n e n t s   b e i n g   j o i n e d  

t o g e t h e r .  

D i f f i c u l t i e s   can   s t i l l   be  e x p e r i e n c e d   w i t h   t h e s e  

end   c l o s u r e s   in   t h e   a b i l i t y   to  p r o d u c e   r e l i a b l e   h e r m e t i c  

s e a l s   b e t w e e n   t h e   m e t a l   and  c e r a m i c   lamp  c o m p o n e n t s   b e i n g  

j o i n e d .   For   e x a m p l e ,   s e a l i n g   t h e   c e r a m i c   p l u g   to  t h e  

c e r a m i c   a r c   t u b e   has   p r o v e n   d i f f i c u l t   w i t h   s u c c e s s  

g e n e r a l l y   r e q u i r i n g   c a r e f u l   c o n t r o l   of  b o t h   p l u g   and  t u b e  

d i m e n s i o n s   a l o n g   w i t h   p r e c i s e   a t t e n t i o n   b e i n g   g i v e n   to  t h e  

a m o u n t   of  s e a l i n g   f r i t   u s e d .   Too  l i t t l e   s e a l i n g   f r i t  

p r o d u c e s   i n c o m p l e t e   f i l l i n g   of  t h e   s u r f a c e s   b e i n g   j o i n e d  

and   w i t h   l e a k a g e   o c c u r r i n g   a t   s u c h   l o c a t i o n s .   Too  m u c h  

f r i t   p r o d u c e s   l a r g e   s e a l i n g   f i l l e t s   t h a t   can  c a u s e  

c r a c k i n g   of  t h e   c e r a m i c   t u b i n g   m a t e r i a l   due  to  any  s l i g h t  

m i s m a t c h   in  t h e r m a l   e x p a n s i o n   b e t w e e n   t h e   s e a l i n g   f r i t   a n d  

t h e   c e r a m i c   t u b i n g .   A c c o r d i n g l y ,   i t   w o u l d   be  d e s i r a b l e   t o  

s t i l l   f u r t h e r   r e d u c e   t h e   n u m b e r   of  s e a l i n g   f r i t   r i n g s   o r  

w a s h e r s   now  b e i n g   u s e d   w i t h o u t   d e c r e a s i n g   t h e   r e l i a b i l i t y  

of  s e a l   f o r m a t i o n .   I t   w o u l d   be  f u r t h e r   d e s i r a b l e   t o  

r e d u c e   d i f f i c u l t i e s   now  b e i n g   e x p e r i e n c e d   in  m a i n t a i n i n g  

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

u s e d   in   t h e s e   c l o s u r e   s t r u c t u r e s .   I t   w o u l d   be  s t i l l  

f u r t h e r   d e s i r a b l e   to  i m p r o v e   t h e   o v e r a l l   end  c l o s u r e   f o r  

t h i s   t y p e   lamp  w i t h o u t   u n d u e   m o d i f i c a t i o n   or  a d d i t i o n a l  

c o s t   in  e i t h e r   t h e   lamp  m a n u f a c t u r e   or  s u b s e q u e n t   l a m p  

o p e r a t i o n .  

SUMMARY  OF  THE  INVENTION 

N o v e l   m e a n s   f o r   a r c   t u b e   end  c l o s u r e s   have   now 



b e e n   d i s c o v e r e d   w h i c h   m o d i f i e s   one  of  t h e   p r e v i o u s l y  

d e s c r i b e d   end  c l o s u r e   s t r u c t u r e s .   More  p a r t i c u l a r l y ,   t h e  

end  c l o s u r e   d i s c l o s e d   in  t h e   a f o r e m e n t i o n e d   4 , 0 6 5 , 6 9 1  

p a t e n t   i s   m o d i f i e d   f o r   use   a t   one  end  of  t h e   a r c   t u b e   i n  

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

t h e   a f o r e m e n t i o n e d   4 , 0 3 4 , 2 5 2   p a t e n t   b e i n g   u s e d   a t   t h e  

o p p o s i t e   end  of  s a i d   a r c   t u b e .   B a s i c a l l y ,   t h e   m o d i f i e d  

end  c l o s u r e   r e p l a c e s   t h e   s i n g l e   c e r a m i c   p l u g   member   w i t h   a  

c o m p o s i t e   a s s e m b l y   of  a  c e r a m i c   d i s c   and  c e r a m i c   p l u g   t h a t  

a r e   b o n d e d   t o g e t h e r   w i t h   a  s i n g l e   f r i t   w a s h e r .   T h e  

s u b s t i t u t e d   c e r a m i c   d i s c   has   a  l a r g e r   d i a m e t e r   t h a n   t h e  

i n n e r   d i a m e t e r   of  t h e   a r c   t u b e   f o r   b u t t - s e a l i n g   e n g a g e m e n t  

w i t h   t h e   end  of  s a i d   a r c   t u b e   and  t h e   s i n g l e   f r i t   w a s h e r  

p r o v i d e s   s u f f i c i e n t   b o n d i n g   m a t e r i a l   to   h e r m e t i c a l l y   s e a l  

a l l   j o i n t s   in  t h e   a s s e m b l e d   end  c l o s u r e .   B o t h   s a i d  

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

t h r o u g h   w h i c h   e x t e n d   an  i n l e a d   and  e x h a u s t   t u b e   member   f o r  

one  t h e r m i o n i c   e l e c t r o d e   w h i c h   i s   h e r m e t i c a l l y   s e a l e d   a t  

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

p r o v i d e d   by  t h e   f r i t   w a s h e r .  

The  i m p r o v e d   h i g h   p r e s s u r e   s o d i u m   v a p o r   lamp  o f  

t h e   p r e s e n t   i n v e n t i o n   t h e r e b y   i n c l u d e s   a  t u b u l a r  

l i g h t - t r a n s m i t t i n g   c e r a m i c   e n v e l o p e   w i t h   a  p a i r   o f  

t h e r m i o n i c   e l e c t r o d e s   b e i n g   s e a l e d   at  i t s   e n d s   by  c e r a m i c  

c l o s u r e s ,   w h e r e i n   t h e   i m p r o v e m e n t   c o m p r i s e s   one  c e r a m i c  

p l u g   b e i n g   i n s e r t e d   i n t o   one  end  of  s a i d   l i g h t -  

t r a n s m i t t i n g   e n v e l o p e   and  b e i n g   h e r m e t i c a l l y   s e a l e d   to  t h e  

i n n e r   w a l l   of  s a i d   l i g h t - t r a n s m i t t i n g   e n v e l o p e   w i t h  

c e r a m i c   s e a l i n g   f r i t ,   s a i d   c e r a m i c   p l u g   h a v i n g   a  c e n t r a l  

o p e n i n g   t h r o u g h   w h i c h   e x t e n d s   an  i n l e a d   f o r   one  t h e r m i o n i c  

e l e c t r o d e   w h i c h   is   h e r m e t i c a l l y   s e a l e d   at  s a i d   o p e n i n g  

w i t h   c e r a m i c   s e a l i n g   f r i t ,   and  h a v i n g   a  t r a n s v e r s e   m e t a l  

c r o s s   p i e c e   j o i n e d   to  s a i d   i n l e a d   at  t h e   e x t e r i o r   s u r f a c e  

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

c o m p r i s e s   a  c e r a m i c   d i s c   h a v i n g   a  l a r g e r   d i a m e t e r   t h a n   t h e  



i n n e r   d i a m e t e r   of  s a i d   l i g h t - t r a n s m i t t i n g   e n v e l o p e   w h i c h  

i s   h e r m e t i c a l l y   s e a l e d   w i t h   c e r a m i c   s e a l i n g   f r i t   to  t h e  

end  of  s a i d   l i g h t - t r a n s m i t t i n g   e n v e l o p e   and  t h e   s u r f a c e   o f  

a  c e r a m i c   p l u g   i n s e r t e d   i n t o   t h e   end  of  s a i d   l i g h t -  

t r a n s m i t t i n g   e n v e l o p e ,   b o t h   s a i d   c e r a m i c   d i s c   and  c e r a m i c  

p l u g   h a v i n g   c e n t r a l   o p e n i n g s   t h r o u g h   w h i c h   e x t e n d   an  i n n e r  

l e a d   and   e x h a u s t   t u b e   member   f o r   t h e   r e m a i n i n g   t h e r m i o n i c  

e l e c t r o d e   w h i c h   i s   h e r m e t i c a l l y   s e a l e d   a t   t h e   c e n t r a l  

o p e n i n g   of  s a i d   c e r a m i c   p l u g   w i t h   c e r a m i c   s e a l i n g   f r i t .  

In  a  p r e f e r r e d   l amp  e m b o d i m e n t ,   b o t h   t h e r m i o n i c   e l e c t r o d e s  

c o m p r i s e   r e f r a c t o r y   m e t a l   w i r e   c o i l s   wound  a r o u n d   a  

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

t r a n s v e r s e l y   b e y o n d   t h e   i n n e r   w a l l   of  s a i d   l i g h t -  

t r a n s m i t t i n g   e n v e l o p e   so  as  to  p h y s i c a l l y   s u p p o r t   o n e  

t h e r m i o n i c   e l e c t r o d e   j o i n e d   t h e r e t o .  

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

FIG.   1  s h o w s   a  h i g h   p r e s s u r e   s o d i u m   v a p o r   l a m p  

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

s t r u c t u r e ;  

FIG.   2  i s   an  e n l a r g e d   d e t a i l e d   v i e w   of  one  e n d  

c l o s u r e   e m p l o y e d   in   t h e   FIG.   1  lamp  e m b o d i m e n t ;   a n d  

FIG.   3  i s   an  e n l a r g e d   d e t a i l e d   v i e w   of  t h e  

r e m a i n i n g   end  c l o s u r e   e m p l o y e d   in   s a i d   FIG.   1  l a m p  

e m b o d i m e n t .  

DETAILED  DESCRIPTION  OF  THE  PREFERRED  EMBODIMENTS 

R e f e r r i n g   to   F IG.   I,  a  r e p r e s e n t a t i v e   h i g h  

p r e s s u r e   s o d i u m   v a p o r   lamp  1  c o r r e s p o n d i n g   to  a  4 0 0 - w a t t  

s i z e   w i t h   a  g i v e n   lamp  v o l t a g e   d r o p   o f  a b o u t   100  v o l t s   i s  

i l l u s t r a t e d   w h i c h   c o m p r i s e s   a  v i t r e o u s   o u t e r   e n v e l o p e   2  

h a v i n g   a  s t a n d a r d   m o g u l   s c r e w   b a s e   3  a t t a c h e d   to  one  e n d  

and  c o m p r i s i n g   a  r e e n t r a n t   s t e m   p r e s s   s e a l   4  t h r o u g h   w h i c h  

e x t e n d ,   in  c o n v e n t i o n a l   f a s h i o n ,   a  p a i r   of  r e l a t i v e l y  

h e a v y   l e a d - i n   c o n d u c t o r s   5  and  6  whose   o u t e r   e n d s   a r e  

c o n n e c t e d   to   t h e   s c r e w   s h e l l   7  and  e y e l e t   8  of  t he   b a s e .  

The  i n n e r   e n v e l o p e   or  a r c   t u b e   9  c e n t r a l l y   l o c a t 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   c o m p r i s e s   a  l e n g t h   of  l i g h t -  

t r a n s m i t t i n g   c e r a m i c   t u b i n g ,   p r e f e r a b l y   p o l y c r y s t a l l i n e  

a l u m i n a   c e r a m i c   w h i c h   is   t r a n s l u c e n t   or  w h i c h   can  b e  

s i n g l e   c r y s t a l   a l u m i n a   w h i c h   i s   c l e a r   and  t r a n s p a r e n t .  

The  u p p e r   end  of  t h e   a r c   t u b e   i s   s e a l e d   by  a  c l o s u r e  

s t r u c t u r e   10  in   a c c o r d a n c e   w i t h   t h e   a f o r e m e n t i o n e d  

4 , 0 3 4 , 2 5 2   p a t e n t   t h r o u g h   w h i c h   e x t e n d s   t h e   n i o b i u m   i n l e a d  

w i r e   11  h e r m e t i c a l l y   s e a l e d .   The  i n l e a d   s u p p o r t s   t h e  

u p p e r   e l e c t r o d e   w h i c h   may  be  g e n e r a l l y   s i m i l a r   to  t h e  

l o w e r   e l e c t r o d e   and  w i t h   b o t h   of  s a i d   e l e c t r o d e s   b e i n g  

more   s p e c i f i c a l l y   i l l u s t r a t e d   in  t h e   f o l l o w i n g   F IG.   2 - 3  

e m b o d i m e n t s .   The  e x t e r n a l   p o r t i o n   of  i n l e a d   11  p a s s e s  

t h r o u g h   a  l o o p   12  in  t r a n s v e r s e   s u p p o r t   w i r e   13  a t t a c h e d  

to  a  s i d e   rod   14.  T h i s   a r r a n g e m e n t   a l l o w s   f o r   a  t h e r m a l  

e x p a n s i o n   of  t h e   a r c   t u b e   d u r i n g   lamp  o p e r a t i o n   when  t h e  

l o w e r   end  s e a l   i s   r i g i d l y   f i x e d   in  p l a c e ,   and  a  r e s i l i e n t  

m e t a l   r i b b o n   15  a s s u r e s   c o n t i n u e d   good   e l e c t r i c a l  

c o n n e c t i o n .   S i d e   rod   14  i s   w e l d e d   to  l e a d - i n   c o n d u c t o r   6  

and  h a s   i t s   u p p e r   end  b r a c e d   by  s p r i n g   c l a m p   16  w h i c h  

e n g a g e s   i n v e r t e d   n i p p l e   17  in   t h e   dome  end  of  t h e   o u t e r  

v i t r e o u s   e n v e l o p e .   The  l o w e r   end  c l o s u r e   20  f o r   s a i d   l a m p  

and  m o d i f i e d   in  a c c o r d a n c e   w i t h   t h e   p r e s e n t   i n v e n t i o n   h a s  

a  c e n t r a l   a p e r t u r e   t h r o u g h   w h i c h   e x t e n d   a  t h i n - w a l l e d  

n i o b i u m   t u b e   21  s e r v i n g   as  an  e x h a u s t   t u b e   and  as  a n  

i n l e a d .   S a i d   t u b e   e x t e n d s   b u t   a  s h o r t   d i s t a n c e   t h r o u g h  

t h e   end  c l o s u r e   and  i s   h e r m e t i c a l l y   s e a l e d   t h e r e t h r o u g h   b y  

s e a l i n g   f r i t   as  w i l l   be  f u r t h e r   e x p l a i n e d   in  t h e  

d e s c r i p t i o n   g i v e n   f o r   FIG.   3  d e a l i n g   w i t h   s a i d   end  c l o s u r e  

e m b o d i m e n t .   The  c l o s e d   a r c   t u b e   is   s u p p o r t e d   in  t he   o u t e r  

e n v e l o p e   by  c o n n e c t o r   22  w h i c h   is   w e l d e d   a c r o s s   f r o m  

t u b u l a r   i n l e a d   21  to  a  s u p p o r t   r o d   23  j o i n e d   to  l e a d - i n  

c o n d u c t o r   5 .  

U p p e r   c e r a m i c   c l o s u r e   10  f o r   t h e   a b o v e  

i l l u s t r a t e d   lamp  e m b o d i m e n t   is   d e p i c t e d   in  g r e a t e r   d e t a i l  

as  shown  in  FIG.   2.  S p e c i f i c a l l y ,   s a i d   c e r a m i c   c l o s u r e   10  



c o m p r i s e s   a  c e r a m i c   p l u g   24  w h i c h   i s   e n t i r e l y   i n s e r t e d  

i n t o   one  end  of  t h e   a r c   t u b e   and  h a v i n g   a  m e t a l   c r o s s  

p i e c e   26,   w h i c h   can  be  a  s h o r t   w i r e   l e n g t h ,   j o i n e d   t o  

i n l e a d   11  at   t h e   e x t e r i o r   s u r f a c e   28  of  s a i d   c e r a m i c   p l u g .  

S a i d   c r o s s   p i e c e   i s   b e n t   or  a r c h e d   s l i g h t l y   a b o u t   i t s  

m i d p o i n t   in  a  h o r i z o n t a l   p l a n e   t r a n s v e r s e   to  s a i d   i n l e a d  

in   o r d e r   to   h a v e   i t s   e n d s   e n g a g e   t h e   e d g e s   of  t h e   a r c   t u b e  

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

e l e c t r o d e   j o i n e d   t h e r e t o .   A  h e r m e t i c   s e a l   29  i s   f o r m e d   i n  

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

i n n e r   w a l l   of  t h e   a r c   t u b e   as  h e r e i n a f t e r   f u r t h e r  

e x p l a i n e d .   A  s e c o n d   h e r m e t i c   s e a l   30  i s   f o r m e d   at   t h e  

c e n t r a l   o p e n i n g   32  in  c e r a m i c   p l u g   24  and  w h i c h   e x t e n d s   t o  

a  r i d g e   of  s e a l i n g   f r i t   34  on  t h e   s u r f a c e   of  s a i d   p l u g  

r e a c h i n g   up  to   t h e   c r o s s   p i e c e   26 .   Al l   h e r m e t i c   s e a l i n g  

in   t h e   i l l u s t r a t e d   c l o s u r e   e m b o d i m e n t   can  be  p r o v i d e d   w i t h  

a  m e a s u r e d   q u a n t i t y   of  s e a l i n g   g l a s s   f r i t   b e i n g   p l a c e d   o n  

t h e   c e r a m i c   p l u g ,   s u i t a b l y   as  a  s l u r r y   and  t h e   c l o s u r e  

a s s e m b l y   t h e n   b e i n g   h e a t e d   to   t h e   m e l t i n g   t e m p e r a t u r e   o f  

t h e   g l a s s   f r i t .   The  m o l t e n   f r i t   i s   d r a w n   by  c a p i l l a r y  

a c t i o n   i n t o   t h e   a n n u l a r   f r e e   s p a c e   b e t w e e n   t h e   a r c   t u b e  

and   c e r a m i c   p l u g   as  w e l l   as  i n t o   t h e   f r e e   s p a c e   f o r m e d  

b e t w e e n   t h e   c e n t r a l   o p e n i n g   in  s a i d   p l u g   w i t h   t h e  

e l e c t r o d e   i n l e a d .   S a i d   i n l e a d   11  i s   j o i n e d   to  a  t u n g s t e n  

s h a n k   36  of  a  c o n v e n t i o n a l   t h e r m i o n i c   e l e c t r o d e   38  h a v i n g  

one  or  more   r e f r a c t o r y   m e t a l   c o i l s   wound  a r o u n d   w h i c h   i s  

f u r t h e r   d e s c r i b e d   in  t h e   a f o r e m e n t i o n e d   4 , 0 3 4 , 2 5 2   p a t e n t .  

The  p r i n c i p a l   f e a t u r e   of  t h e   p r e s e n t   i n v e n t i o n  

r e s i d e s   in   t h e   m o d i f i c a t i o n   of  c e r a m i c   c l o s u r e   20  w h i c h   i s  

d e p i c t e d   in  g r e a t e r   d e t a i l   f o r   t h e   l o w e r   e l e c t r o d e  

s t r u c t u r e   and  e l e c t r o d e   s u p p o r t   a s s e m b l y   t h e r e f o r   as  s h o w n  

in  FIG.   3.  S p e c i f i c a l l y ,   s a i d   i m p r o v e d   c e r a m i c   e n c l o s u r e  

20  c o m p r i s e s   a s s e m b l y   of  a  c e r a m i c   d i s c   40  h a v i n g   a  l a r g e r  

d i a m e t e r   t h a n   t h e   i n n e r   d i a m e t e r   of  s a i d   a r c   t u b e   9  w h i c h  

i s   h e r m e t i c a l l y   s e a l e d   w i t h   c e r a m i c   s e a l i n g   f r i t   at  o n e  



end  of  s a i d   a r c   t u b e   as  w e l l   as  t h e   o u t e r m o s t   s u r f a c e   4 2  

of  a  c e r a m i c   p l u g   44  w h i c h   has   been   i n s e r t e d   i n t o   t he   e n d  

of  s a i d   a r c   t u b e .   The  b u t t - s e a l e d   i n t e r f a c e   b e t w e e n   s a i d  

c e r a m i c   d i s c   40  and  c e r a m i c   p l u g   44  i s   f o r m e d   w i t h   a  r i n g  

or   w a s h e r   46  of  c e r a m i c   f r i t   m a t e r i a l   w h i c h   f u r t h e r  

p r o v i d e s   a  h e r m e t i c   s e a l   48  to   a s s o c i a t e d   e l e c t r o d e  

s t r u c t u r e   50 .   S a i d   c o n v e n t i o n a l   e l e c t r o d e   50  i s   shown  t o  

i n c l u d e   p a r t   of  a  m e t a l   e x h a u s t   t u b e   and  i n l e a d   member   2 1  

t h a t   i s   i n s e r t e d   t h r o u g h   a  c e n t r a l   o p e n i n g   52  in  b o t h  

c e r a m i c   d i s c   and  c e r a m i c   p l u g   f o r   h e r m e t i c   s e a l i n g   a f t e r  

a s s e m b l y   of  s a i d   c o m p o n e n t   p a r t s .   As  can  be  n o t e d ,  

h e r m e t i c   s e a l i n g   48  b e t w e e n   t h e   e l e c t r o d e   and  c e r a m i c  

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

t h e   p l u g   member   o n l y .  

I t   w i l l   be  a p p a r e n t   f rom  t h e   f o r e g o i n g  

d e s c r i p t i o n   t h a t   i m p r o v e d   s e a l   m e a n s   f o r   h i g h   p r e s s u r e  

s o d i u m   v a p o r   t y p e   l a m p s   has   b e e n   d i s c l o s e d   w h i c h   i s  

g e n e r a l l y   u s e f u l .   I t   w i l l   be  f u r t h e r   a p p a r e n t   to  t h o s e  

s k i l l e d   in  t h e   lamp  a r t ,   h o w e v e r ,   t h a t   s a i d   i m p r o v e d  

c l o s u r e   m e a n s   can  r e p l a c e   c o n v e n t i o n a l   end  c l o s u r e s   i n  

t h i s   t y p e   lamp  a l t h o u g h   r e m a i n i n g   f e a t u r e s   in  t h e   l a m p  

o t h e r   t h a n   a b o v e   s p e c i f i c a l l y   d i s c l o s e d   a r e   e m p l o y e d .   F o r  

e x a m p l e ,   l amp  d e s i g n s   u t i l i z i n g   a d d i t i o n a l   g e t t e r i n g   a n d  

s t a r t i n g   a i d s   can   u s e   t h e   p r e s e n t   c e r a m i c   c l o s u r e   m e a n s .  

A c c o r d i n g l y ,   i t   i s   i n t e n d e d   to  l i m i t   t h e   p r e s e n t   i n v e n t i o n  

o n l y   by  t h e   s c o p e   of  t h e   f o l l o w i n g   c l a i m s .  



1.  An  i m p r o v e d   h i g h   p r e s s u r e   s o d i u m   v a p o r   l a m p  

h a v i n g   a  t u b u l a r   l i g h t - t r a n s m i t t i n g   c e r a m i c   e n v e l o p e   w i t h  

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

by  c e r a m i c   c l o s u r e s ,   t h e   i m p r o v e m e n t   w h e r e i n   one  c e r a m i c  

c l o s u r e   c o m p r i s e s   a  c e r a m i c   p l u g   i n s e r t e d   i n t o   one   end  o f  

s a i d   l i g h t - t r a n s m i t t i n g   e n v e l o p e   and  b e i n g   h e r m e t i c a l l y  

s e a l e d   to  t h e   i n n e r   w a l l   of  s a i d   l i g h t - t r a n s m i t t i n g  

e n v e l o p e   w i t h   c e r a m i c   s e a l i n g   f r i t ,   s a i d   c e r a m i c   p l u g  

h a v i n g   a  c e n t r a l   o p e n i n g   t h r o u g h   w h i c h   e x t e n d s   an  i n l e a d  

f o r   a  t h e r m i o n i c   e l e c t r o d e   w h i c h   i s   h e r m e t i c a l l y   s e a l e d   a t  

s a i d   o p e n i n g   w i t h   c e r a m i c   s e a l i n g   f r i t ,   and  h a v i n g   a  

t r a n s v e r s e   m e t a l   c r o s s p i e c e   j o i n e d   to  s a i d   i n l e a d   a t   t h e  

e x t e r i o r   s u r f a c e   of  s a i d   c e r a m i c   p l u g   w h i l e   t h e   r e m a i n i n g  

c e r a m i c   c l o s u r e   c o m p r i s e s   a  c e r a m i c   d i s c   h a v i n g   a  l a r g e r  

d i a m e t e r   t h a n   t h e   i n n e r   d i a m e t e r   of  s a i d   l i g h t -  

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

c e r a m i c   s e a l i n g   f r i t   to  t h e   end  of  s a i d   l i g h t - t r a n s m i t t i n g  

e n v e l o p e   and  t h e   s u r f a c e   of  a  c e r a m i c   p l u g   i n s e r t e d   i n t o  

t h e   end  of  s a i d   l i g h t - t r a n s m i t t i n g   e n v e l o p e ,   b o t h   s a i d  

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

t h r o u g h   w h i c h   e x t e n d   an  i n l e a d   and  e x h a u s t   t u b e   member   f o r  

t h e   r e m a i n i n g   t h e r m i o n i c   e l e c t r o d e   w h i c h   is   h e r m e t i c a l l y  

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

c e r a m i c   s e a l i n g   f r i t .  

2.  An  i m p r o v e d   l amp  as  in  c l a i m   1  w h e r e i n   t h e  

t h e r m i o n i c   e l e c t r o d e s   c o m p r i s e   r e f r a c t c r y   m e t a l   w i r e   c o i l s  

wound  a r o u n d   a  t u n g s t e n   s h a n k .  



3.  An  i m p r o v e d   lamp  as  in  c l a i m   1  w h e r e i n   t h e  

m e t a l   c r o s s p i e c e   e x t e n d s   t r a n s v e r s e l y   b e y o n d   t h e   i n n e r  

w a l l   of  s a i d   l i g h t - t r a n s m i t t i n g   e n v e l o p e   so  as  t o  

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

t h e r e t o .  

4.  An  i m p r o v e d   h i g h   p r e s s u r e   s o d i u m   v a p o r   l a m p  

c o m p r i s i n g :  

(a )   a  l i g h t - t r a n s m i t t i n g   a l u m i n a   c e r a m i c   t u b e  

h a v i n g   a  t h e r m i o n i c   e l e c t r o d e   s e a l e d   i n t o   e a c h   end  by  a  

c e r a m i c   c l o s u r e   and  a  c h a r g e   of  s o d i u m - m e r c u r y   a m a l g a m   i n  

e x c e s s   of  t h e   q u a n t i t y   v a p o r i z e d   a l o n g   w i t h   x e n o n   gas   t o  

f a c i l i t a t e   s t a r t i n g ;   a n d  

(b )   an  e v a c u a t e d   o u t e r   l i g h t - t r a n s m i t t i n g  

v i t r e o u s   e n v e l o p e   s u r r o u n d i n g   s a i d   a r c   t u b e   h a v i n g   a  s t e m  

p r e s s   s e a l   a t   one  end  t h r o u g h   w h i c h   e x t e n d s   a  p a i r   o f  

i n l e a d s   e l e c t r i c a l l y   c o n n e c t e d   to  s a i d   t h e r m i o n i c  

e l e c t r o d e s ;  

( c )   one  of  s a i d   c e r a m i c   c l o s u r e s   c o m p r i s i n g   a  

c e r a m i c   p l u g   i n s e r t e d   i n t o   one  end  of  s a i d   a r c   t u b e   a n d  

b e i n g   h e r m e t i c a l l y   s e a l e d   to   t h e   i n n e r   w a l l   of  s a i d   a r c  

t u b e   w i t h   c e r a m i c   s e a l i n g   f r i t ,   s a i d   c e r a m i c   p l u g   h a v i n g   a  

c e n t r a l   o p e n i n g   t h r o u g h   w h i c h   e x t e n d s   an  i n l e a d   f o r   a  

t h e r m i o n i c   e l e c t r o d e   w h i c h   i s   s e a l e d   a t   s a i d   o p e n i n g   w i t h  

>  c e r a m i c   s e a l i n g   f r i t ,   and  h a v i n g   a  t r a n s v e r s e   m e t a l  

c r o s s p i e c e   j o i n e d   to   s a i d   i n l e a d   at   t h e   e x t e r i o r   s u r f a c e  

of  s a i d   c e r a m i c   p l u g ;  

(d )   t h e   r e m a i n i n g   c e r a m i c   c l o s u r e   c o m p r i s i n g   a  

c e r a m i c   d i s c   h a v i n g   a  l a r g e r   d i a m e t e r   t h a n   t h e   i n n e r  
I  d i a m e t e r   of  s a i d   a r c   t u b e   w h i c h   is  h e r m e t i c a l l y   s e a l e d  

w i t h   c e r a m i c   s e a l i n g   f r i t   to  t h e   end  of  s a i d   a r c   t u b e   a n d  

t h e   s u r f a c e   of  a  c e r a m i c   p l u g   i n s e r t e d   i n t o   t h e   o p p o s i t e  

end   of  s a i d   a r c   t u b e ,   b o t h   s a i d   c e r a m i c   d i s c   and  c e r a m i c  

p l u g   h a v i n g   c e n t r a l   o p e n i n g s   t h r o u g h   w h i c h   e x t e n d   a n  

i n l e a d   and  e x h a u s t   t u b e   member   f o r   t h e   r e m a i n i n g  

t h e r m i o n i c   e l e c t r o d e   w h i c h   is   h e r m e t i c a l l y   s e a l e d   at   t h e  

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

f r i t .  



5.  An  i m p r o v e d   lamp  as  in  c l a i m   4  w h e r e i n   t h e  

t h e r m i o n i c   e l e c t r o d e s   b o t h   c o m p r i s e   r e f r a c t o r y   m e t a l   w i r e  

c o i l s   wound  a r o u n d   a  t u n g s t e n   s h a n k .  

6.  An  i m p r o v e d   l amp  as  in  c l a i m   4  w h e r e i n   t h e  

m e t a l   c r o s s p i e c e   e x t e n d s   t r a n s v e r s e l y   b e y o n d   t h e   i n n e r  

w a l l   of  s a i d   a r c   t u b e   so  as  to   p h y s i c a l l y   s u p p o r t   t h e  

t h e r m i o n i c   e l e c t r o d e   j o i n e d   t h e r e t o .  
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