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\g)  A  tungsten-halogen  lamp  achieves  long  life  in  any 
burning  orientation  by  the  inclusion  within  the  lamp  of 
copper,  which  reduces  filament  sag  and  filament  corrosion. 
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A  tungsten-halogen  lamp  achieves  long  life  in  any 
burning  orientation  by  the  inclusion  within  the  lamp  of 
copper,  which  reduces  filament  sag  and  filament  corrosion. 



TECHNICAL  FIELD 

This  i nven t ion   r e l a t e s   to  i n c a n d e s c e n t   lamps  and  more 

p a r t i c u l a r l y   to  t u n g s t e n - h a l o g e n   i n c a n d e s c e n t   lamps.  S t i l l   more 

p a r t i c u l a r l y   it  r e l a t e s   to  lamps  of  the  l a t t e r   v a r i e t y   having  means 

i n c o r p o r a t e d   t h e r e w i t h   to  p reven t   f i l a m e n t   sagging ,   thus  a l l o w i n g  

long  l i f e   and  the  a b i l i t y   to  be  l i g h t e d   in  e i t h e r   a  v e r t i c a l   o r  

h o r i z o n t a l   mode. 

BACKGROUND  OF  THE  INVENTION 

The  m a j o r i t y   of  i n c a n d e s c e n t   lamps  today  use  a  f i l a m e n t   made 

from  tungs t en   wire  which  can  be  of  the  s i n g l e   or  co i l ed   c o i l  

des ign.   When  i n i t i a l l y   ene rg i zed   to  i n c a n d e s c e n c e ,   the  f i l a m e n t  

will  both  m e t a l l u r g i c a l l y   r e c r y s t a l i z e   and  p h y s i c a l l y   sag  under  

g r a v i t a t i o n a l   a t t r a c t i o n .  

Coiled  coil   f i l a m e n t s   sag  more  than  s i n g l e   co i l s   and  f ine  w i r e  

sags  more  than  heavy  w i r e .  

In  the  v e r t i c a l   p o s i t i o n   sag  is  c h a r a c t e r i z e d   by  a  c o l l a p s i n g   o f  

turns  with  open  tu rns   at  the  top  and  compress ion   at  the  bottom.  Sag 

in  the  h o r i z o n t a l   p o s i t i o n   is  c h a r a c t e r i z e d   by  the  format ion   of  one 

or  more  c a t e n a r i e s   depending  on  the  number  of  f i l a m e n t   support   w i r e s .  

The  p r e l i m i n a r y   sag  in  t ungs ten   f i l a m e n t s   has  never  been 

comple te ly   e l i m i n a t e d .   However,  it  can  be  s i g n i f i c a n t l y   reduced  by 

employing  a  c o n t r o l l e d   hea t ing   process   at  the  time  Of  i n i t i a l  



l i g h t u p .   Two  d i f f e r e n t   p rocesses   for  doing  th i s   are  now  in  common 

use  and  are  b r i e f l y   de sc r ibed   as  f o l l o w s .  

1.  P r e - s t a b i l i z i n g   is  a  p r o c e s s   used  mainly  on  co i l ed   c o i l  

f i l a m e n t s   for  halogen  lamps.  It  involves   r a i s i n g   the  c o i l  

t e m p e r a t u r e   above  2400°C  in  vacuum  p r io r   to  removing  the  p r i m a r y  

mandrel  and  while  the  secondary  c o i l i n g   is  mounted  on  a  t h r e a d e d  

rod.  The  r e s u l t   is  a  b r i t t l e   coil  which  r e q u i r e s   hand 

mount ing.   This,   plus  the  p r e - s t a b i l i z i n g   process   make  for  a 

very  expensive   c o i l .   However,  p r e l i m i n a r y   sag  at  i n i t i a l   c o i l  

l i gh tup   is  m i n i m a l .  

2.  F lashing  is  an  a l t e r n a t e   method  of  s t a b i l i z i n g   t h e  

f i l a m e n t .   It  is  done  a f t e r   the  coil  is  mounted  in  the  lamp  and 

can  be  performed  e i t h e r   before  or  a f t e r   t i p o f f .   Since  t h e  

f i l a m e n t   as  rece ived   is  not  b r i t t l e ,   it  does  not  r equ i re   hand 

mounting  and  can  t h e r e f o r e   be  mounted  i n e x p e n s i v e l y   via  h igh  

speed  automatic   equipment .   I n i t i a l   l i g h t u p   under  t h e s e  

c o n d i t i o n s   r e s u l t s   in  more  p r e l i m i n a r y   sag  than  on 

p r e - s t a b i l i z e d   c o i l s .  

U n f o r t u n a t e l y ,   the  f i l amen t   in  an  i n c a n d e s c e n t   lamp  w i l l  

con t inue   to  sag  during  subsequent   lamp  o p e r a t i o n   in  sp i te   o f  

p r e - s t a b i l i z i n g   or  f l a s h i n g .   This  is  g e n e r a l l y   a t t r i b u t e d   to  a 

s l i p p a g e   at  the  grain  b o u n d a r i e s .   The  c o n d i t i o n   is  known  to  be 

aggrava ted   by  the  presence   of  oxygen  in  the  gaseous  s t a t e .   Th i s  

accounts   for  a  higher  degree  of  sag  in  halogen  lamps  because  t h e  

halogen  r e g e n e r a t i v e   cycle  r e t a i n s   a  higher   pe rcen tage   of  oxygen 

in  the  gaseous  s t a t e   than  there   is  in  a  non-ha logen   i n c a n d e s c e n t  

lamp.  Genera l ly ,   the  sag  in  non-halogen  i n c a n d e s c e n t   lamps  i s  

not  severe  because  most  of  the  r e s i d u a l   oxygen  is  t ied  up  on  t h e  

bulb  wall  as  t u n g s t e n - o x i d e ,   a  c o l o r l e s s   so l id   c o n d e n s a t e .  

Thus,  a  s u f f i c i e n t   q u a n t i t y   of  oxygen  is  not  a v a i l a b l e   in  t h e  

gaseous  s t a t e   to  promote  s a g .  

However,  in  halogen  lamps  th is   secondary  sag  can  be  a  s e r i o u s  

problem  due  to  the  fac t   tha t   any  oxides  p r e sen t   can  be  r educed  

by  the  halogen  a d d i t i v e   (HBr  in  th is   case)  which  promotes  t h e  

presence   of  free  oxygen  in  the  gaseous  s t a t e .  

As  was  the  case  with  p r e l i m i n a r y   sag,  f ine   wire  f i l aments   of  t h e  

co i l ed   coil  c o n f i g u r a t i o n   are  e s p e c i a l l y   s u s c e p t i b l e   to  s e v e r e  



seconoa ry   sag  in  a  halogen  a tmosphere .   Also,  chemical   c o r r o s i o n  

of  the  wire  in  the  coo le r   s e c t i o n s   of  the  f i l a m e n t   r e s u l t s   in  a 

s i g n i f i c a n t   r e d u c t i o n   in  l i f e   as  caused  by  t h i n n i n g   and 

p remature   a r c i n g .   This  is  more  pronounced  in  f ine   wire  than  i t  

is  in  heavy  w i r e .  

These  problems  become  even  more  aggrava ted   in  the  case  of  a 

t u n g s t e n - h a l o g e n   lamp  employing  a  low  wa t t age ,   l ine   v o l t a g e ,  

c o i l e d   coil   f i l a m e n t .   An  example  of  such  a  c o i l e d   coil   would  be 

one  ra ted   at  100  wat ts   and  120  v o l t s .   Such  a  coi l   is  formed 

from  f ine   t u n g s t e n   wire  (12.5  mg/200mm  with  a  d i ame te r   of  0 . 0 0 2 5  

inches )   and  f i l a m e n t   sag  and  shor t   l i f e   due  to  the  presence   o f  

the  halogen  would  be  a  s e r i o u s   p rob lem.  

The  use  of  halogen  in  an  i n c a n d e s c e n t   lamp  g e n e r a l l y   allows  f o r  

an  envelope   which  is  d r a s t i c a l l y   reduced  from  the  s ize   t h a t  

would  be  r e q u i r e d   by  a  non-halogen  vers ion   of  the  same  w a t t a g e .  

S p e c i f i c a l l y ,   the  100  watt  f i l a m e n t   d e s c r i b e d   above  is  n o r m a l l y  

sea led   in  an  A19  g lass   bulb  under  non-halogen  c o n d i t i o n s   but  can  

be  sea led   in  a  T5  g lass   envelope  when  halogen  is  added.  The 

r e l a t i v e   volumes  of  these  two  bulbs  a r e :  

The  use  of  t h i s   d r a s t i c a l l y   smal le r   T5  envelope  p rov ides   f o r  

h igher   f i l l   p r e s s u r e s   which  in  turn  r e s u l t s   in  a  lamp 

per formance   i n c r e a s e .   However,  the  f i l a m e n t   is  now 

s i g n i f i c a n t l y   c l o s e r   to  the  bulb  wall  of  the  T5  and  f i l amen t   sag  
while  burning  in  any  p o s i t i o n   other  than  the  v e r t i c a l   r e s u l t s   in  

the  coil   moving  c l o s e r   to  the  wal l .   The  r e s u l t   is  a  l o c a l  

i n c r e a s e   in  bulb  wall  t e m p e r a t u r e   with  a  c o r r e s p o n d i n g   i n c r e a s e  

in  o u t g a s s i n g   of  the  g lass   which  can  be  d e l e t e r i o u s   to  lamp 

pe r fo rmance .   In  the  most  severe   case,  the  f i l a m e n t   can  (and 

has)  sagged  to  the  point   where  it  makes  c o n t a c t   with  the  bulb  

wa l l .   The  r e s u l t   is  thermal  c rack ing   or  me l t ing   of  the  bu lb  

wall  which  t e r m i n a t e s   lamp  l i f e   p r e m a t u r e l y .  

There  are  numerous  t e c h n i q u e s   now  in  use  a t t e m p t i n g   to  solve  t h e  

problem  of  sag  in  halogen  lamps  of  th is   type.  However,  each  one 



i n t r o d u c e s   new  problems  which  f o r ce s   a  compromise  with  r e s p e c t   t o  

lamp  pe r fo rmance .   Some  of  the  more  widely  used  t e c h n i q u e s   a r e  

b r i e f l y   d e s c r i b e d   h e r e .  

1.  Center  Suppor t  -   S a g  r e d u c t i o n   can  be  r e s t r i c t e d  

s i g n i f i c a n t l y   by  using  a  t h i r d   wire  which  loops  around  t h e  

cen t e r   of  the  coil  and  is  e l e c t r i c a l l y   i s o l a t e d   from  the  two  end 

lead  w i re s .   Sag  in  any  p o s i t i o n   except   v e r t i c a l   will   r e s u l t   in  

two  c a t e n a r i e s   whose  d i s p l a c e m e n t   from  the  o r i g i n a l   coi l   c e n t e r  

l ine   is  less   than  that   of  an  unsuppor ted   s ing le   c a t e n a r y .  

However,  con t ac t   between  coil   and  suppor t   r e s u l t s   in  a  l o c a l  

cool  spot  which  then  becomes  the  cen te r   of  i n c r e a s e d   h a l o g e n  

a c t i v i t y   with  i ts  a s s o c i a t e d   t u n g s t e n   c o r r o s i o n .   The  coil   w i l l  

u l t i m a t e l y   f a i l   p remature ly   due  to  the  a c c e l e r a t e d   t h i n n i n g   in 

the  area  of  con tac t   with  the  c en t e r   suppor t   wire .   Also,  a 

cen t e r   suppor t   makes  lamp  manufac tu re   more  d i f f i c u l t   and  c o s t l y .  

2.  P r e - S t a b i l i z e d   C o i l  -   As  p r e v i o u s l y   d e s c r i b e d ,   t h i s   p r o c e s s  
r e s u l t s   in  less  overa l l   sag  but  is  r e s t r i c t e d   to  hand  mount ing  

due  to  coil   e m b r i t t l e m e n t .   This  l a t t e r   r e s t r i c t i o n   r e s u l t s   in  a 

s i g n i f i c a n t   i nc rease   in  m a n u f a c t u r i n g   costs   which  is  i n t o l e r a b l e  

in  low  cost  lamp  types,   such  as  would  be  s u i t a b l e   for  g e n e r a l  

home  i l l u m i n a t i o n .  

3.  Methane  Light  Up -  This  is  a  well-known  process   employed 

during  the  lamp  exhaust   cycle  whereby  the  f i l a m e n t   is  e n e r g i z e d  

in  an  atmosphere  of  n i t rogen   and  methane  (CH4),  The 

l i t e r a t u r e   a l ludes   to  reduced  coil   sag  as   a  r e s u l t   and 

a t t r i b u t e s   th i s   b e n e f i t   to  a  r e a c t i o n   between  the  t u n g s t e n  

f i l a m e n t   and  the  carbon  in  the  methane.  However,  t e s t s   run  on  a 

100  wa t t ,   120  volt   co i l ,   such  as  tha t   desc r ibed   above,  r e s u l t e d  

in  a b s o l u t e l y   no  r educ t ion   in  coil   sag  when  compared  w i t h  

con t ro l   lamps  which  were  not  l i g h t e d   in  me thane .  

4.  Other  H a l i d e s  -   The  halogen  a d d i t i v e   often  used  is  Hydrogen 

Bromide  (HBr).  It  is  c o n s i d e r e d   by  some  lamp  m a n u f a c t u r e r s   t o  

be  too  c o r r o s i v e   and  t h e r e f o r e   less   d e s i r a b l e   than  t h e  

ca rbonaceous   h a l i d e s .   Tests   run  f a i l   to  show  any  advantages   t o  

using  th is   type  of  ha l ide   (CH2Br2,  for  example) .   A  s e r i o u s  
de fec t   a r i s e s   when  using  th i s   gas.  The  r e s u l t   is  a  s i g n i f i c a n t  



a t t e n u a t i o n   of  l i gh t   output   which  is  caused  by  a  carbon  l a y e r  

d e p o s i t e d   on  the  inner  bulb  wall  during  i n i t i a l   l i g h t u p   when  t h e  

CHZgr2  is  decomposed  into  a  more  e lementa l   f o r m .  

5.  Reduced  Halogen  C o n t e n t  -   It  has  been  shown  by  t e s t s   tha t   a 

r e d u c t i o n   in  halogen  con ten t   in  the  f i l l   gas  will   give  r i s e   to  a 

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

U n f o r t u n a t e l y ,   it  will   also  r e s u l t   in  an  i n c r e a s e   in  t h e  

p e r c e n t a g e   of  lamps  which  wil l   turn  black  p r e m a t u r e l y   due  t o  

f a i l u r e   of  the  halogen  r e g n e r a t i v e   cyc le .   Lamp  b l a c k e n i n g   o f  

any  halogen  lamp  c o n s t i t u t e s   lamp  f a i l u r e   even  if  the  f i l a m e n t  

c o n t i n u e s   to  burn.  No  r e p u t a b l e   lamp  m a n u f a c t u r e r   would 

t o l e r a t e   such  a  c o n d i t i o n .  

6.  Condenser  Discharge  F l a s h i n g  -   This  is  a  p rocess   which 

a t t empts   to  achieve  the  r e s u l t s   d i s p l a y e d   by  a  p r e - s t a b i l i z e d  

f i l a m e n t   while  c i r cumven t ing   the  b r i t t l e   c o i l / h a n d   mount 

problems  of  the  l a t t e r .   It  i nvo lves   s t a b i l i z i n g   the  f i l a m e n t  

a f t e r   mounting  e i t h e r   during  the  exhaust   cycle   or  a f t e r   t i p o f f .  

A  condenser   is  used  to  d i s c h a r g e   a  high  energy  pulse  through  t h e  

c o i l .   The  pulse  du ra t ion   is  very  shor t   compared  to  t h e  

c o n v e n t i o n a l   s e r i e s - b a l l a s t   f l a s h i n g   process   used  by  many  lamp 

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

the  heat  s inking   e f f e c t   on  the  c o i l ' s   m e t a l l u r g i c a l   s t r u c t u r e   by 

the  l e ad - in   clamps.  Thus,  the  coil   is  al lowed  to  s t a b i l i z e   more 

comple te ly   in  the  clamp  area  from  where  much  of  the  sag  problem 

emanates .   However,  it  is  f e l t   t ha t   t h i s   method  wil l   achieve,   a t  

bes t ,   only  a  por t ion   of  the  e f f e c t   d e s i r e d ,   and  tha t   a t  

i n c r e a s e d   cost  of  m a n u f a c t u r e .  

7.  Low  Sag  Coil  Des ign  -   It  has  been  demons t r a t ed   t h a t   the  c o i l  

design  which  e x h i b i t s   the  l e a s t   amount  of  sag  is  one  which  has 

the  t i g h t e s t   T . P . I .   and  lowest   mandrel  to  wire  ( co i l )   r a t i o   w i th  

r e s p e c t   to  both  the  primary  and  secondary   windings  of  the  CC8 

f i l a m e n t .   All  of  th is   must  be  done,  however,  wi th in   t h e  

a l lowab le   l i m i t s   of  p r e s c r i b e d   coil   m a n u f a c t u r i n g   p r a c t i c e .  

Like  condenser  d i scha rge   f l a s h i n g ,   it  is  f e l t   t ha t   low  sag  c o i l  

design  will  achieve  only  a  po r t ion   of  the  d e s i r e d   e f f e c t .  



DISCLOSURE  OF  THE  INVENTION 

It  is,   t h e r e f o r e ,   an  ob jec t   of  t h i s   i n v e n t i o n   to  obv ia t e   t h e  

d i s a d v a n t a g e s   of  the  pr ior   a r t .  

It  is  another   ob jec t   of  the  i n v e n t i o n   to  enhance  t u n g s t e n -  

halogen  l amps .  

Yet  another   ob jec t   of  the  i nven t ion   is  to  s i g n i f i c a n t l y   r educe  

pr imary  and  secondary   f i l amen t   sag  in  i n c a n d e s c e n t   l a m p s .  

S t i l l   another   ob jec t   of  the  i nven t ion   is  the  r e d u c t i o n   o f  

halogen  c o r r o s i o n   of  the  f i l a m e n t   of  a  t u n g s t e n - h a l o g e n   f i l a m e n t .  

These  o b j e c t s   are  accompl ished ,   in  one  aspec t   of  the  i n v e n t i o n ,  

by  the  p r o v i s i o n   of  a  lamp  which  inc ludes   wi th in   the  f i l a m e n t  

environment   an  e f f e c t i v e   amount  of  copper  to  s u b s t a n t i a l l y   e l i m i n a t e  

primary  and  secondary   f i l amen t   sagging  as  well  as  s i g n i f i c a n t l y  

reduc ing   halogen  c o r r o s i o n   of  the  f i l a m e n t   in  lamps  which  include  a 

halogen  f i l l .  

The  i n v e n t i o n   allows  the  f a b r i c a t i o n   of  halogen  lamps  in  w a t t a g e  

v a r i e t i e s   and  vo l t age   r equ i r emen t s   s u i t a b l e   for  r ep l acemen t   of  t he  

usual  i n c a n d e s c e n t   lamps  normal ly   used  for  home  l i g h t i n g .   The  lamps 

are  c h a r a c t e r i z e d   by  the  e x c e l l e n t   lumen  ma in tenance   (pe rcen tage   o f  

l i g h t   ouput  r e t a i n e d   from  o r i g i n a l   l i g h t   output   as  the  lamps  age) 

a s s o c i a t e d   with  lamps  employing  the  halogen  r e g e n e r a t i v e   c y c l e .  

E x c e l l e n t   l i f e   r a t i n g s   are  also  achieved  whether   the  lamp  is  burned 

with  the  f i l a m e n t   in  v e r t i c a l   or  h o r i z o n t a l   o r i e n t a t i o n .  

BRIEF  DESCRIPTION  OF  THE  DRAWING 

The  s i n g l e   f i g u r e   d i a g r a m m a t i c l l y   i l l u s t r a t e s   a  lamp  employing 

the  i n v e n t i o n .  

BEST  MODE  FOR  CARRYING  OUT  THE  INVENTION 

For  a  b e t t e r   unde r s t and ing   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  

with  other   and  f u r t h e r   o b j e c t s ,   advantages   and  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  appended  c l a i m s  

taken  in  con junc t i on   with  the  a b o v e - d e s c r i b e d   d r a w i n g .  

Refer r ing   now  to  the  drawing  with  g r e a t e r   p a r t i c u l a r i t y ,   t h e r e  

is  shown:a  t u n g s t e n - h a l o g e n   lamp  10  having  a  l i gh t   t r a n s m i t t i n g ,  

h e r m e t i c a l l y   sealed  glass  enve lope   12.  The  envelope  12  can  be 

f a b r i c a t e d   from  quar tz   or  hard  g lass   tubing  such  as,  for  example ,  

Corning  1720  alumina  s i l i c a t e   g l a s s .  

In  a  p r e f e r r e d   embodiment  the  envelope  12  is  c o n s t r u c t e d   from  T5 

tubing  (.625"  O.D.;  0.040"  wal l )   and  has  an  ove ra l l   length   of  abou t  

1 . 6 7 5 " .  

A  long  l ead- in   wire  14  and  a  short   l ead - in   wire  16  are  sealed  in  

a  press  18  and  extend  into  the  envelope  12.  A  t ungs t en   f i l ament   20 ,  

p r e f e r a b l y   in  the  form  of  a  c o i l e d   coil  and  r a t e d ,   for  example,  as 

100  watts  at  120  vo l t s ,   is  clamped  between  the  i n t e r n a l   ends  of  t h e  

l e a d - i n   wires  and  extends  along  the  l o n g i t u d i n a l   axis  22  of  enve lope  

12.  An  exhaust  and  f i l l i n g   por t   24  is  p rov ided ,   as  i s  

c o n v e n t i o n a l .   After  e x h a u s t i n g ,   lamp  10  is  provided  with  a  s u i t a b l e  

atmosphere  or  f i l l   gas  c o n t a i n i n g   a  ha logen.   In  a  p r e f e r r e d  

embodiment  the  f i l l   gas  c o m p r i s e s ,   by  volume,  88%  k ryp ton ;   11.79% 

n i t r o g e n ;   and  0.21%  hydrogen  bromide  (HBr)  at  a  high  p r e s s u r e ;   i . e . ,  

between  about  1  to  10  a t m o s p h e r e s ,   with  the  p r e f e r r e d   f i l l   p r e s s u r e  

being  5  atmospheres  a b s o l u t e   at  room  t e m p e r a t u r e .   Also  i n c l u d e d  

wi th in   the  envelope  12  is  a  q u a n t i t y   of  copper  which  can  be,  f o r  

example,  a  small  nodule  loose  in  the  envelope .   It  has  been 

d i scovered   that   inc lud ing   copper  wi thin   the  lamp  reduces   f i l a m e n t  

sag  and  f i l ament   c o r r o s i o n .  

Life  t e s t   r e s u l t s   at  120  v o l t s   with  th i s   c o n s t r u c t i o n   w i t h o u t  

copper  add i t ion   showed  the  f o l l o w i n g .  

Ver t i ca l   burn  f a i l u r e s   were  c h a r a c t e r i z e d   by  clean  lamps  wi th  

normal  f i l ament   f a i l u r e .   H o r i z o n t a l   burn  f a i l u r e s   were  

c h a r a c t e r i z e d   by  clean  lamps  and  co i l s   tha t   e i t h e r   sagged  to  t h e  

bulb  wall  or  arced  p r e m a t u r e l y   due  to  c o r r o s i o n   t h i n n i n g   of  t h e  

tungs ten   w i r e .  



When  copper  was  inc luded   wi th in   the  lamp  enve lope ,   l i f e   t e s t s  

showed  the  fo l lowing   r e s u l t s .  

All  f a i l u r e s   with  copper  were  c h a r a c t e r i z e d   by  c lean   lamps  w i t h  

normal  f i l a m e n t   f a i l u r e .  

Microscop ic   examina t ion   of  samples  both  with  and  w i thou t   t h e  

copper  a d d i t i v e   was  performed  t h roughou t   the  l i f e   t e s t   p r o g r a m .  

1.  Non-copper  samples  r e v e a l e d   a  p r o g r e s s i v e   b u i l d - u p   o f  

t u n g s t e n   d e n d r i t i c   d e p o s i t s   on  the  primary  coil   near  the  l e a d  

clamps.   This  is  an  obvious  i n d i c a t i o n   of  a  high  level   o f  

halogen  a c t i v i t y   which  can  (and  did)  give  r i se   to  a  r educ t ion   in  

f i l a m e n t   l i f e .  

2.  Lamp  samples  c o n t a i n i n g   copper  r evea l ed   no  d e n d r i t i c   growth 

at  any  time  during  l i f e .   However,  o b s e r v a t i o n s   were  noted  t h a t  

appear  to  be  e n t i r e l y   new  to  halogen  lamps.  Copper  appeared  t o  

p r o g r e s s i v e l y   bui ld   up  as  a  coa t ing   on  the  molybdenum  lead  w i r e s  

but  not  on  the  i n s ide   su r f ace   of  the  g l a s s .   This  is  an 

i n d i c a t i o n   of  a  s u c c e s s f u l   c o p p e r - h a l o g e n   cycle  with  no 

d e l e t e r i o u s   e f f e c t s   to  the  r e g e n e r a t i v e   cycle  as  ev idenced   by 

the  lack  of  bulb  wall  b l a c k e n i n g   th roughout   l i f e .  

A  second  observed  phenomenon  was  the  p r o g r e s s i v e   b l a c k e n i n g   o f  

the  o r i g i n a l   copper  metal  a d d i t i v e .   The  probable   cause  of  t h i s  

b l a c k e n i n g   is  a  r e a c t i o n   between  the  copper  and  the  r e s i d u a l  

oxygen  in  the  gaseous  s t a t e   which  was  p r e v i o u s l y   d e s c r i b e d   as 

being  a  c h a r a c t e r i s t i c   of  all  halogen  l amps .  

Thus,  the  copper  appears  to  be  ac t ing   as  an  oxygen  g e t t e r   with  a 

two- fo ld   r e s u l t .  

1.  Removal  of  oxygen  reduces   i ts   c o n c e n t r a t i o n   in  t h e  

gaseous  s t a t e   which  is  a  known  cause  of  sag  in  t u n g s t e n  

f i l a m e n t s .   This  is  t rue  for  both  halogen  and  n o n - h a l o g e n  

t y p e s .  

2.  Removal  of  oxygen  from  the  gaseous  s t a t e   r e s u l t s   in  

the  r e d u c t i o n   of  halogen  a c t i v i t y   which  is  known  to  be 

i n c r e a s e d   via  a d d i t i o n a l   amounts  of  gaseous  o x y g e n .  



In  summary,  t h e r e f o r e ,   it  can  be  s t a t ed   that   the  a d d i t i o n   o f  

copper  to  halogen  lamps  with  la rge   f ine   wire  f i l a m e n t s   r e s u l t s   in  
the  e l i m i n a t i o n   of  premature  coil   f a i l u r e   as  caused  by  sag  a n d / o r  

halogen  c o r r o s i o n .  

While  the re   have  been  shown  and  de sc r ibed   what  are  at  p r e s e n t  
c o n s i d e r e d   to  be  the  p r e f e r r e d   embodiments  of  the  i n v e n t i o n ,   it  w i l l  

be  appa ren t   to  those  s k i l l e d   in  the  art  that   var ious   changes  and 

m o d i f i c a t i o n s   can  be  made  here in   wi thou t   d e p a r t i n g   from  the  scope  o f  

the  i n v e n t i o n   as  def ined  by  the  appended  c l a i m s .  



1.  An  i n c a n d e s c e n t   lamp  compr i s i ng :   a  l i gh t   t r a n s m i t t i n g ,  

h e r m e t i c a l l y   sea led ,   g lass   enve lope   having  a  l o n g i t u d i n a l   axis;   two 

l e a d - i n   wires  sealed  in  said  enve lope ;   a  t ungs ten   f i l a m e n t   a t t a c h e d  

to  said  l ead - in   wires  and  e x t e n d i n g   s u b s t a n t i a l l y   along  s a i d  

l o n g i t u d i n a l   axis ;   a  f i l l   gas  w i th in   said  envelope ,   sa id   f i l l   gas  

i n c l u d i n g   a  halogen;  and  an  amount  of  copper  con ta ined   wi th in   s a i d  

enve lope ,   said  amount  being  e f f e c t i v e   to  s u b s t a n t i a l l y   e l i m i n a t e  

sagging  of  said  f i l a m e n t   r e g a r d l e s s   of  the  phys ica l   o r i e n t a t i o n   o f  

said  lamp  during  u s e .  

2.  The  lamp  of  Claim  1  wherein  said  envelope  has  a  volume  of  

about  less  than  6cc .  

3.  The  lamp  of  Claim  1  wherein  said  f i l l   gas  comprises   k r y p t o n ,  

n i t r o g e n   and  hydrogen  bromide  in  amounts  of  about  88%  k r y p t o n ;  

11.79%  n i t r o g e n ;   and  0.21%  hydrogen  b r o m i d e .  

4.  The  lamp  of  Claim  1  wherein  said  l e a d - i n   wires  comprise  an 

a l loy  of  molybdenum  c o n t a i n i n g   about  3%  t a n t a l u m .  

5.  The  lamp  of  Claim  1  wherein  said  f i l a m e n t   is  a  co i l ed   c o i l .  

6.  The  lamp  of  Claim  5  wherein  said  g lass   envelope  is  s i n g l e  

ended  and  formed  from  an  a l u m i n a - s i l i c a t e   g l a s s .  

7.  The  lamp  of  Claim  6  wherein  the  f i l l   p r e s s u r e   of  said  f i l l  

gas  is  about  1  to  10  a tmospheres   a b s o l u t e   at  room  t e m p e r a t u r e .  

8.  The  lamp  of  Claim  6  wherein  the  f i l l   p r e s su re   of  said  f i l l  

gas  is  about  5  a tmospheres   a b s o l u t e   at  room  t e m p e r a t u r e .  
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