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(**)  Gas  lamp  and  method  of  manufacture. 
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A   new  and  improved  gas-filled  lamp  and  method  of 
manufacturing  such  a  lamp,  wherein  the  usual  tip-off  region 
on  the  glass  envelope  of  the  lamp  is  eliminated.  In  manufac- 
ture  of  the  lamp,  the  lamp  envelope  (10, 11, 12)  is  provided 
with  a  coaxial  mercury  trap  (25)  at  the  end  of  the  envelope 
opposite  the  gas  pumping  end  (26),  the  electrodes  (15,  16) 
are  inserted,  air  is  pumped  out,  fill  gas  is  pumped  in,  the 
envelope  is  shrunk  down  onto  the  electrode  (16)  at  the 
pumping  end,  mercury  (21)  is  tipped  into  the  envelope  bulb, 
and  the  mercury  is  held  against  the  remote,  colder  region  of 
the  envelope  while  shrinking  down  on  the  second  electrode 
(15). 



BACKGROUND  OF  THE  INVENTION 

T h i s   i n v e n t i o n   r e l a t e s   g e n e r a l l y   to   i m p r o v e -  

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

such   l a m p s   a n d ,   more  p a r t i c u l a r l y ,   to  a  new  and  i m p r o v e d  

g a s - f i l l e d   l amp  d e v o i d   of  a  w e a k e n e d   t i p - o f f   r e g i o n ,   a n d  

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

e f f i c i e n t ,   e c o n o m i c a l   and  r e l i a b l e   m a n n e r .  

I t   i s   common  p r a c t i c e   in  t h e   m a n u f a c t u r e   o f  

g a s - f i l l e d   l a m p s ,   such   as  c o n v e n t i o n a l   m e r c u r y   s h o r t - a r c  

l a m p s ,   to   pump  o u t   a i r ,   pump  in  f i l l   g a s ,   and  a d m i t  

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

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

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

p r o c e s s   and  i n t r o d u c t i o n   of  m e r c u r y   has   b e e n   c o m p l e t e d ,  

the   t h e n   u s e l e s s   pumping   s t e m   i s   s e a l e d ,   l e a v i n g   a  s m a l l  

e x h a u s t   p i p   in  t h e   s u r f a c e   o f   t h e   g l a s s   b u l b ,   t h i s  

e x h a u s t   p i p   b e i n g   r e f e r r e d   to  in  t he   a r t   as  a  t i p - o f f .  

U n f o r t u n a t e l y ,   t h e   e x i s t e n c e   of  s u c h   a  t i p - o f f  

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

can  be  s a f e l y   p r o v i d e d   i n s i d e   t he   l amp  e n v e l o p e ,   s i n c e  

t h e   t i p - o f f   r e g i o n   r e p r e s e n t s   a  w e a k e n e d   a r e a   in   t h e  

g l a s s   b u l b   wh ich   can  r u p t u r e   and  e x p l o d e   in  t h e   p r e s e n c e  



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

l amp .   As  a  r e s u l t ,   s a m p l e s   of   s u c h   l a m p s   m u s t   be  e x -  

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

e x t e n s i v e   and  c o s t l y   damage   to   t h e   e n v i r o n m e n t s   in   w h i c h  

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

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

use   of  s u c h   g a s - f i l l e d   l a m p s ,   and  t h e   m a n u f a c t u r e   of  s u c h  

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

d e v o i d   of   t i p - o f f   r e g i o n s ,   c a p a b l e   of   r e l i a b l y   h a n d l i n g  

h i g h e r   l amp   i n t e r n a l   gas   p r e s s u r e s ,   as  w e l l   as   i m p r o v e d ,  

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

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

i n v e n t i o n   c l e a r l y   f u l f i l l s   t h e s e   n e e d s .  

SUMMARY  OF  THE  INVENTION 

B r i e f l y ,   and  in   g e n e r a l   t e r m s ,   t h e   p r e s e n t  

i n v e n t i o n   p r o v i d e s   a  new  and  i m p r o v e d   g a s - f i l l e d   l a m p  

d e v o i d   of   t h e   u s u a l   w e a k e n e d   t i p - o f f   r e g i o n   on  t h e   g l a s s  

e n v e l o p e   o f   t h e   l a m p ,   and  f u r t h e r   p r o v i d e s   a  new  a n d  

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

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

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

a c c o m p l i s h e d   a t   t h e   o p p o s i t e ,   c o a x i a l   end  of  t h e   e n v e l o p e  

w h e r e   t h e   e l e c t r o d e   e n t e r s   t h e   g l a s s .  

In  a  p r e s e n t l y   p r e f e r r e d   e m b o d i m e n t ,   by  way  o f  

e x a m p l e   and  no t   n e c e s s a r i l y   by  way  of  l i m i t a t i o n ,   t h e   new  

and  i m p r o v e d   g a s - f i l l e d   lamp  i s   m a n u f a c t u r e d   by  p r o v i d i n g  

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

of  t h e   e n v e l o p e   a d j a c e n t   an  e l e c t r o d e   and  o p p o s i t e   t h e  

p u m p i n g   end  of   t h e   e n v e l o p e .   A  p a i r   of  c o a x i a l   c a t h o d e  

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

p u m p i n g   end  of   t he   e n v e l o p e ,   a i r   i s   pumped  o u t   of   t h e  



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

e n v e l o p e .   The  e n v e l o p e   i s   t h e n   s h r u n k   down  o n t o   t h e  

e l e c t r o d e   a t   t h e   p u m p i n g   e n d ,   m e r c u r y   is   t i p p e d   f rom  t h e  

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

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

t h e   e n v e l o p e   b u l b   w h i l e   s i m u l t a n e o u s l y   s h r i n k i n g   down  t h e  

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

t r o d e .   A f t e r   t he   p r o c e s s   i s   c o m p l e t e ,   e a c h   of  t h e   s e a l e d  

ends   of  t h e   lamp  may  be  c o v e r e d   by  a  s u i t a b l e   e l e c t r o d e  

cap   o r   t h e   l i k e   w h i c h   s e r v e s   to   f u r t h e r   c o v e r   a n d / o r  

r e i n f o r c e   t h e   s e a l e d   e n d s .  

The  new  and  i m p r o v e d   g a s - f i l l e d   l amp  and  m e t h o d  

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

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

s u c c e s s f u l l y   w i t h s t a n d i n g   h i g h e r   i n t e r n a l   gas   p r e s s u r e s  

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

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

e f f i c i e n t ,   e c o n o m i c a l   and  r e l i a b l e   m a n n e r .  

The  a b o v e   and  o t h e r   o b j e c t s   and  a d v a n t a g e s   o f  

t he   i n v e n t i o n   w i l l   become   a p p a r e n t   f rom  t h e   f o l l o w i n g  

more  d e t a i l e d   d e s c r i p t i o n ,   when  t a k e n   in  c o n j u n c t i o n   w i t h  

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

DESCRIPTION  OF  THE  DRAWINGS 

F I G s .   l a - l i   a r e   s i m p l i f i e d   m o d e l   d i a g r a m s ,  

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

c o n v e n t i o n a l   g a s - f i l l e d   l amp   wh ich   p o s s e s s e s   a  t i p - o f f  

r e g i o n   in  t h e   g l a s s   b u l b ;   a n d  

F I G s .   2 a - 2 g   s c h e m a t i c a l l y   i l l u s t r a t e   a  p r e -  

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



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

lamp  d e v o i d   of  any  t i p - o f f   r e g i o n .  

DESCRIPTION  OF  THE  PREFERRED  EMBODIMENTS 

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

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

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

s u c h   a  l a m p ,   w h e r e i n   t h e   u s u a l   l amp  t i p - o f f   r e g i o n   can   b e  

e l i m i n a t e d .   In  t h e   t y p i c a l   s y s t e m s   of  t h e   p r i o r   a r t ,   a  

g l a s s   s t em  is   n o r m a l l y   u sed   t o   e v a c u a t e   t h e   lamp  e n v e l o p e  

and  to  i n t r o d u c e   m e r c u r y   to   t h e   i n s i d e   of  t h e   l amp  i n  

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

s e a l e d   or  t i p p e d - o f f ,   l e a v i n g   a  w e a k e n e d   a r e a   s u b j e c t   t o  

r u p t u r e   and  e x p l o s i o n   f rom  h i g h   i n t e r n a l   gas   p r e s s u r e  

w i t h i n   t h e   l a m p .   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 ,   e v a c u a t i o n   i s   a c c o m p l i s h e d   at   one  end  of   t h e  

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

at   t he   o p p o s i t e   end  of   t h e   e n v e l o p e ,   a d j a c e n t   t h e   l a m p  

e l e c t r o d e s ,   r a t h e r   t h a n   f o r m i n g   a  s e p a r a t e   s t em   on  t h e  

e n v e l o p e   b u l b  f o r   t h a t   p u r p o s e .   When  t h e   e n v e l o p e  

ends   a r e   s e a l e d ,   t h e y   may  t h e n   be  c o v e r e d   by  e l e c t r o d e  

c a p s   or   t h e   l i k e   w h i c h   f u r t h e r   s e r v e   t o   c o v e r   a n d / o r  

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

R e f e r r i n g   now  more   p a r t i c u l a r l y   to  F I G s .   l a - l i  

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

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

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

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

v e n t i o n   wh ich   w i l l   be  s u b s e q u e n t l y   c o n t r a s t e d   w i t h   t h e  

p r i o r   a r t   p r o c e s s .  

As  i l l u s t r a t e d   in  FIG.  l a ,   t h e   p r o c e s s   b e g i n s  

by  d r a w i n g   g l a s s   t u b i n g   f rom  s t o c k   and  c u t t i n g   to   l e n g t h  



to   p r o v i d e   a  p a i r   of   s m a l l e r   end   t u b e s   1 0 ,   12  and  a  

l a r g e r   m i d s e c t i o n   11  w h i c h   u l t i m a t e l y   w i l l   d e f i n e   t h e  

b u l b   r e g i o n   of  t h e   lamp  e n v e l o p e .   The  t u b i n g   i s   t h e n  

p l a c e d   in  a  l a t h e   and  a t t a c h e d   t o g e t h e r   to   f o rm  t h e   l a m p  

body  or  e n v e l o p e .   Once  t h e   e n v e l o p e   has   b e e n   f o r m e d ,   a  

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

13,  as  i l l u s t r a t e d   in  F IG.   l b .   T h i s   i s   d o n e   by  h e a t i n g   a  

s m a l l   a r e a   on  t he   b u l b   and  h o l d i n g   t h e   p r e s s u r e   i n s i d e  

t h e   b u l b   u n t i l   t h e   h o l e   o p e n s .   The   p u m p i n g   s t e m   1 3 ,  

w h i c h   i s   n o r m a l l y   a  t w o - i n c h   l e n g t h   of  q u a r t z   t u b i n g ,   i s  

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

f o r m e d   h o l e .   The  e n t i r e   l e n g t h   of   t h e   b o d y   i s   t h e n  

f i r e - p o l i s h e d   to  r e m o v e   any  q u a r t z   d u s t   p r o d u c e d   d u r i n g  

f o r m i n g   of   the   body  and  a t t a c h i n g   of  t h e   p u m p i n g   s t e m  

13.  Once  t h i s   has   been   a c c o m p l i s h e d ,   a  s m a l l   a r e a   on  t h e  

body  arm  10  i s   h e a t e d   to   s e a l   one   end  14  and  p r e p a r e   t h e  

e n v e l o p e   f o r   e l e c t r o d e   l o a d i n g .  

As  b e s t   o b s e r v e d   in  FIG.   l c ,   a  p a i r   of  c o a x i a l  

e l e c t r o d e s   1 5 ,  - 1 6   a re   l o a d e d   i n t o   t h e   e n v e l o p e   t h r o u g h  

t h e   open   end  17  wh ich   i s   t h e n ,   in  t u r n ,   s e a l e d   o f f   in  t h e  

same  m a n n e r   as  t he   end  14.  Once  t h e   e l e c t r o d e s   have   b e e n  

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

a t t a c h e d   t o   a  s u i t a b l e   pump  18  to   e v a c u a t e   t h e   l a m p .  

S u b s e q u e n t l y ,   t he   lamp  is   b a k e d   o u t   to  d r i v e   o u t   m o i s t u r e  

and  i m p u r i t i e s .   The  l amp  may  a l s o   be  p u r g e d   w i t h  

n i t r o g e n .  

As  shown  in  FIG.   l e ,   a f t e r   t h e   r e q u i r e d   p u m p i n g  

t i m e   and  c o o l i n g   down  of   t h e   l a m p ,   t h e   l amp   is   r e m o v e d  

f rom  t h e   pump  18  by  h e a t i n g   t h e   p u m p i n g   s t e m   13  w i t h   a  

t o r c h   to  c l o s e   o f f   t h e   p u m p i n g   s t e m   and  l e a v e   a p p r o x i -  

m a t e l y   1 - 1 / 2 "   of   s t e m   r e m a i n i n g   a t t a c h e d   t o   t h e   l a m p  

b u l b .   Bo th   e l e c t r o d e s   15 ,   16  a r e   t h e n   s e t   i n t o   p l a c e  

c o a x i a l l y   a t   o p p o s i t e   e n d s   of   t h e   g l a s s   e n v e l o p e   and  t h e  



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

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

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

and   s p i n n i n g   t h e   l a m p   i n   t h e   f l a m e .   The  s h r i n k i n g  

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

t o r c h .   Once  t h e   l amp   i s   s h r u n k   o n t o   t h e   e l e c t r o d e s   1 5 ,  

16,   i t   i s   r e a d y   to  pump  and  f i l l .  

As  b e s t   i l l u s t r a t e d   in  FIG.   l f ,   t h e   pump  a n d  

f i l l   o p e r a t i o n   b e g i n s   by  b r e a k i n g   o p e n   t h e   p u m p i n g   s t e m  

13  and  a t t a c h i n g   a  m e r c u r y   t r a p   19  w h i c h   is  t y p i c a l l y   a  

s e c t i o n   of   2  mm  x  4  mm  t u b i n g   w i t h   a  s m a l l   b u b b l e   b l o w n  

in  t h e   c e n t e r   of  t h e   t u b i n g .   T h i s   b u b b l e   is   a d a p t e d   t o  

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

I t   i s   no t   d e s i r a b l e   to   i n s e r t   t he   m e r c u r y   d i r e c t l y   i n t o  

t h e   g l a s s   e n v e l o p e   a t   any  e a r l i e r   s t a g e   of  t h e   p r o c e s s  

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

to   e x p l o d e ,   or  p r o v i d e   o f f s e t t i n g   p r e s s u r e   d u r i n g   t h e  

s h r i n k i n g   p r o c e s s .  

As  s h o w n   in   F I G .   l f ,   o n e   end   of   t h e   m e r c u r y  

t r a p   i s   s e a l e d   o n t o   t h e   p u m p i n g   s t e m   13  w h i c h   has   b e e n  

b r o k e n   open  a g a i n   so  t h a t   t h e   t r a p   can   be  a t t a c h e d   t o  

t h e   s t e m   by  h e a t i n g   w i t h   a  t o r c h .   A f t e r   t h e   m e r c u r y   t r a p  

19  i s   s e a l e d   o n t o   t h e   s t e m   13 ,   i t   i s   l o a d e d   w i t h   t h e  

p r o p e r   q u a n t i t y   of  m e r c u r y   21  and  t h e   open   end  of   t h e  

t r a p   i s   a t t a c h e d   to   t h e   pump  18.  The  l amp  e n v e l o p e   i s  

t h e n   e v a c u a t e d   to  an  a p p r o p r i a t e   p r e s s u r e ,   a f t e r   w h i c h  

t h e   l amp   is   a g a i n   b a k e d   o u t   u s i n g   a  hand  t o r c h .  

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

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

g a s   s u c h   as  a r g o n   or   x e n o n .   Once  t h i s   has   been   a c c o m -  

p l i s h e d ,   t he   end  of   t he   m e r c u r y   t r a p   22 ,   a d j a c e n t   t h e  



pump  18  is  h e a t e d   w i t h   a  t o r c h   to  s e a l   o f f   t h e   end  22  

and  r e m o v e   t h e l a m p   f rom  t h e   p u m p .  

As  b e s t   i l l u s t r a t e d   in   F I G .   l h ,   t h e   m e r c u r y  

t r a p   19  i s   t h e n   h e a t e d   w i t h   a  t o r c h ,   w h i l e   t i p p i n g   t h e  

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

e n v e l o p e .   As  shown  in  FIG.   l i ,   t he   m e r c u r y   t r a p   i s   t h e n  

r e m o v e d   or  t i p p e d - o f f ,   l e a v i n g   a  s m a l l   bump  or  e x h a u s t  

p i p   23  on  t h e   lamp  b u l b .   The  t i p - o f f   r e g i o n   r e p r e s e n t s   a  

w e a k e n e d   a r e a   in  t h e   g l a s s   e n v e l o p e .   At  t h i s   p o i n t ,   t h e  

s e a l e d   lamp  is   r e a d y   f o r   any  e x t e r n a l   o p e r a t i o n s ,   s u c h   a s  

t h e   i n s t a l l a t i o n   of  e l e c t r o d e   end  c a p s .  

R e f e r r i n g   now  more   p a r t i c u l a r l y   to  F I G s .   2 a - 2 g  

of   t h e   d r a w i n g s ,   t h e   new  and  i m p r o v e d   g a s - f i l l e d   lamp  a n d  

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

As  shown  in  FIG.   2a ,   t h r e e   p i e c e s   of  t u b i n g   1 0 ,  

11  and  12  a r e   a g a i n   u s e d   to   fo rm  t h e   lamp  body  or   e n -  

v e l o p e   by  p l a c i n g   t h e   t u b i n g   in  a  l a t h e   and  a t t a c h i n g   a l l  

t h e   p i e c e s   t o g e t h e r ,   u s i n g   a  hand  t o r c h .  

FIG.  2b  i l l u s t r a t e s   t h e   f o r m a t i o n   of  a  c o a x i a l  

m e r c u r y   t r a p   25  at   one   end  of  t h e   lamp  e n v e l o p e ,   a f t e r  

t h e   e n t i r e   l e n g t h   of  t h e   lamp  body  has   f i r s t   been   f i r e -  

p o l i s h e d .   The  m e r c u r y   p o c k e t   25  i s   t y p i c a l l y   p r o v i d e d   b y  

m e a s u r i n g   a p p r o x i m a t e l y   4 - 1 / 2 "   f rom  t h e   lamp  b u l b   on  t h e  

s i d e   in  wh ich   the   t r a p   i s   to   be  p r o v i d e d ,   a p p l y i n g   h e a t  

to   t he   g l a s s   ( u s u a l l y   q u a r t z )   and  a l l o w i n g   t he   g l a s s   t o  

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

m e t e r .   The  g l a s s   i s   t h e n   s t r e t c h e d   u n t i l   t h e r e   i s   a  

p a s s a g e   of  a p p r o x i m a t e l y   1  mm  i n t e r n a l   d i a m e t e r .   A f t e r  

t h i s   l a t t e r   s t e p ,   t h e   g l a s s   is   a g a i n   h e a t e d   a p p r o x i m a t e l y  

1 / 4 "   f u r t h e r   away  f rom  t h e   b u l b   a l o n g   t h e   a x i s   of  t h e  



l a m p   e n v e l o p e ,   to   s e a l   o f f   t h e   o p e n   end   a d j a c e n t   t h e  

m e r c u r y   t r a p   2 5 .  

As  shown  in  FIG.   2c ,   a  p r e d e t e r m i n e d   q u a n t i t y  

o f   m e r c u r y   21  i s   i n j e c t e d   i n t o   t h e   l a m p   e n v e l o p e   a n d  

t a p p e d   down  i n t o   t h e   m e r c u r y   p o c k e t   25.   The  e l e c t r o d e s  

15,   16  a r e   n e x t   l o a d e d   i n t o   t h e   e n v e l o p e ,   t h e   c o a x i a l  

c a t h o d e   15  f i r s t   ( c l o s e s t   to   t h e   m e r c u r y   t r a p )   f o l l o w e d  

by  t h e   c o a x i a l   a n o d e   e l e c t r o d e   1 6 .  

At  t h i s   p o i n t ,   t h e   lamp  i s   r e a d y   to   a t t a c h   t o  

t h e   pump  18  so  t h a t   i t   c a n   be  e v a c u a t e d ,   b a k e d   o u t ,  

c o o l e d   u n d e r   v a c u u m   and   t h e n   b a c k f i l l e d   w i t h   a  p r e -  
d e t e r m i n e d   a m o u n t   of  i n e r t   g a s ,   s u c h   as  a r g o n   or   x e n o n .  

The  lamp  is   t h e n   r e m o v e d   f rom  t h e   pump  18  by  h e a t i n g   t h e  

e n v e l o p e   end  26  n e a r   t h e   pump  18  and  l e t t i n g   t h e   g l a s s  

c o l l a p s e   to  s e a l   o f f   t h e   e n d .  

The  e l e c t r o d e   s e t t i n g   and  s h r i n k i n g   o p e r a t i o n s  

a r e   b e s t   o b s e r v e d   in  FIG.   2e  w h i c h   shows   t h e   l a m p   r e m o v e d  

f r o m   t h e   p u m p  a n d   s e a l e d   o f f .   The   a n o d e   i s   s e t   i n t o  

p l a c e   c a r e f u l l y   by  h a n d - p o s i t i o n i n g ,   and  t h e   g l a s s  

e n v e l o p e   i s   s h r u n k   down  o n t o   t h e   r i b b o n   o f   t h e   a n o d e  

e l e c t r o d e   16  by  h e a t i n g   w i t h   a  t o r c h .   D u r i n g   t h i s   a n o d e  

s e t t i n g   and  s h r i n k i n g   p r o c e s s ,   t h e   a n o d e   end  of   t h e   l a m p  

i s   e l e v a t e d   r e l a t i v e   t o   t h e   c a t h o d e   end   t o   k e e p   t h e  

c a t h o d e   e l e c t r o d e   15  and   t h e   m e r c u r y   21  o u t   o f   t h e  

e n v e l o p e   b u l b .  

Once   t h e   a n o d e   h a s   b e e n   s e t   and  s h r u n k ,   t h e  

lamp  is   r e m o v e d   f rom  t h e   g l a s s   l a t h e   and  t he   c a t h o d e   i s  

s e t   i n t o   p l a c e   by  c o l l a p s i n g   p o r t i o n s   of   t h e   g l a s s  

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

l o c a t i o n   2 7 a ,   27b ,   (F IG.   2f)  l e a v i n g   e n o u g h   of  a  c l e a r -  

a n c e   p a s s a g e   f o r   t h e   m e r c u r y   21  to   run  down  t h e   end  o f  

t h e   lamp  i n t o   t h e   b u l b .  



As  b e s t   o b s e r v e d   in  FIG.   2 f ,   t h e   m e r c u r y   21  i s  

r u n   down  i n t o   t h e   l a m p   b u l b ,   by  h e a t i n g   t h e   m e r c u r y  

p o c k e t   25  w i t h   a  t o r c h   w h i l e   t i p p i n g   t h e   lamp  so  t h a t   t h e  

a n o d e   end  i s   l o w e r   t h a n   t h e   c a t h o d e   e n d .   Once  t h i s   h a s  

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

15  i s   p e r f o r m e d   by  s h r i n k i n g   down  t h e   g l a s s   e n v e l o p e   i n t o  

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

t r o d e ,   u s i n g   a  t o r c h .   The  m e r c u r y   21  i s   h e l d   a g a i n s t   t h e  

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

t r o d e   15,   i . e . ,   a d j a c e n t   t h e   a n o d e   e l e c t r o d e   16 ,   w h i c h   i s  

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

s h r i n k i n g   p r o c e s s ,   and  t h u s   m i t i g a t e s   t h e   p o s s i b l e   e x c e s s  

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

t h e   t h r e a t   of  e x p l o s i o n .  

As  b e s t   o b s e r v e d   in  FIG.   2g,   o n c e   t h e   c a t h o d e  

e l e c t r o d e   15  has   b e e n   s e a l e d   in  p l a c e ,   t h e   m e r c u r y   t r a p  

25  i s   r e m o v e d   a n d ,   u s i n g   a  t o r c h ,   t h e   c a t h o d e   end  of  t h e  

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

e x t e r n a l   o p e r a t i o n s ,   s u c h   as  t h e   i n s t a l l a t i o n   of   e l e c -  

t r o d e   end  c a p s   ( n o t   s h o w n ) .  

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

of   t h e   p r e s e n t   i n v e n t i o n   s a t i s f i e s   a  l o n g   e x i s t i n g   n e e d  

f o r   a  new  and  i m p r o v e d   l a m p   w h e r e i n   t h e   u s u a l   l a m p  

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

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

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

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   t h a t ,  

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

t r a t e d   and  d e s c r i b e d ,   v a r i o u s   m o d i f i c a t i o n s   can   be  m a d e  

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

i n v e n t i o n .   A c c o r d i n g l y ,   i t   i s   n o t   i n t e n d e d   t h a t   t h e  

i n v e n t i o n   be  l i m i t e d   e x c e p t   as  by  t h e   a p p e n d e d   c l a i m s .  



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

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

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

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

in  p o s i t i o n   and  s h r i n k i n g   s a i d   e n v e l o p e   i n t o   s e a l i n g  

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

m e r c u r y   t r a p   c h a r a c t e r i z e d   in   t h a t   s a i d   m e r c u r y   t r a p  
i s   f o r m e d   a t   one  end  of  s a i d   e n v e l o p e   and  in   t h a t   s a i d  

e n v e l o p e   i s   pumped   f rom  an  open   end  o p p o s i t e   t h e  

end  in  c o m m u n i c a t i o n   w i t h   s a i d   m e r c u r y   t r a p .  

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

lamp  as  c l a i m e d   in   C l a i m   1,  f u r t h e r   c h a r a c t e r i z e d   i r  

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

e n v e l o p e ;   m e r c u r y   i s   r u n   f rom  s a i d   t r a p   i n t o   t h e   e n -  

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

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

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

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

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

of  g l a s s ,   i n c l u d i n g   a  p a i r   of  c o a x i a l   e n d s   on  o p p o s i t e  

s i d e s   of  a  b u l b ;   and  c h a r a c t e r i z e d   by  t h e   s t e p s   o f  

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

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

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

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

s a i d   t r a p ;   p u m p i n g   o u t   a i r   t h r o u g h   s a i d   o p e n   e n d ;  

p u m p i n g   in   a  f i l l   gas   t h r o u g h   s a i d   open   e n d ;   r e m o v i n g  

t h e   pump  and  s e a l i n g   s a i d   open   end ;   s h r i n k i n g   t h e  

e n v e l o p e   end  on  t h e   s i d e   o p p o s i t e   s a i d   t r a p   i n t o  

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

t i n g   t h e   r e m a i n i n g   e l e c t r o d e   l o c a t e d   on  t h e   same  s i d e  

as  s a i d   t r a p ;   r u n n i n g   t h e   m e r c u r y   f rom  s a i d   t r a p   i n t o  

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

r e g i o n   of   s a i d   b u l b   w h i l e   s h r i n k i n g   t h e   end  of  s a i d  



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

e l e c t r o d e ;   and  s e a l i n g   t h e   e n v e l o p e   end  a d j a c e n t   s a i d  

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

4.  An  i n t e r m e d i a t e   p r o c e s s   in   t h e   m a n u f a c t u r e  

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

a  lamp  e n v e l o p e   h a v i n g   a  p a i r   of   c o a x i a l   e n d s   o n  

o p p o s i t e   s i d e s   of  a  b u l b ;   and  f o r m i n g   a  c l o s e d ,   c o a x i a l  

m e r c u r y   t r a p   a t   one  of   s a i d   e n d s   o p p o s i t e   t h e   e n d  

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

5.  A  g a s - f i l l e d   lamp  p r o d u c t   m a n u f a c t u r e d  

by  any  of  t h e   m e t h o d s   as   c l a i m e d   in  C l a i m s   1 - 4 .  

6.  A  g a s - f i l l e d   l a m p ,   c o m p r i s i n g :   a  

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

and  c h a r a c t e r i z e d   in   t h a t   s a i d   e n v e l o p e   i s   d e v o i d  

of  any  t i p - o f f   or   w e a k e n e d   a r e a s   v u l n e r a b l e   t o   h i g h  

i n t e r n a l   gas   p r e s s u r e s   w i t h i n   s a i d   e n v e l o p e .  

7.  A  lamp  as  c l a i m e d   in   C l a i m   6,  w h e r e i n  

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

c o a x i a l   e n d s   l o c a t e d   on  o p p o s i t e   s i d e s   of  a  b u l b .  

8.  A  lamp  as  c l a i m e d   in  C l a i m   7,  f u r t h e r  

c h a r a c t e r i z e d   in  t h a t   s a i d   e l e c t r o d e s   a r e   c o a x i a l l y  

p o s i t i o n e d   on  o p p o s i t e   s i d e s   of  s a i d   b u l b ,   and  s a i d  

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

9.  An  i n t e r m e d i a t e   p r o d u c t   in   t h e   m a n u f a c t u r e  

of  a  new  and  i m p r o v e d   g a s - f i l l e d   l a m p ,   c o m p r i s i n g :   a  

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

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

v e l o p e ;   and  c h a r a c t e r i z e d   by  a  c o a x i a l   m e r c u r y   t r a p  

a t   t h e   end  of  s a i d   e n v e l o p e   o p p o s i t e   t h a t   u s e d   f o r  

p u m p i n g   g a s .  
10.  An  i n t e r m e d i a t e   p r o d u c t   as  c l a i m e d   i n  

C l a i m   9,  w h e r e i n   s a i d   e n d s   of  s a i d   e n v e l o p e   a r e   l o c a t e d  

on  o p p o s i t e   s i d e s   of  a  g l a s s   b u l b   and  no  p u m p i n g   s t e m s  

or  m e r c u r y   t r a p s   d i r e c t l y   c o n t a c t   any  p o r t i o n   of   s a i d  

b u l b .  
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