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©  Miniature  incandescent  lamp. 
©  A  miniature  incandescent  lamp  of  high  luminous  effi- 
cacy  and  long  life  has  a  glass  bulb  (1)  filling  an  inert  gas 
therein  and  a  coiled  filament  (2)  arranged  in  the  bulb  (1),  the 
inert  gas  containing  xenon  and  nitrogen.  A  content  of  xenon 
in  the  inert  gas  is  not  less  than  80%  by  volume,  and  a  ratio 
p/d  of  a  coil  pitch  p  of  the  coiled  filament  (2)  to  a  wire 
diameter  d  is  not  less  than  1.4. 
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A   miniature  incandescent  lamp  of  high  luminous  effi- 
cacy  and  long  life  has  a  glass  bulb  (1)  filling  an  inert  gas 
therein  and  a  coiled  filament  (2)  arranged  in  the  bulb  (1),  t h e  
inert  gas  containing  xenon  and  nitrogen.  A  content  of  xenon 
in  the  inert  gas  is  not  less  than  80%  by  volume,  and  a  ratio 
p/d  of  a  coil  pitch  p  of  the  coiled  filament  (2)  to  a  wire 
diameter  d  is  not  less  than  1.4. 



The  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  m i n i a t u r e  

i n c a n d e s c e n t   lamp  and ,   more  p a r t i c u l a r l y ,   to  a n  

i m p r o v e m e n t   in  lamp  c h a r a c t e r i s t i c s .  

B a s i c   r e q u i r e m e n t s   fo r   m i n i a t u r e   i n c a n d e s c e n t  

l a m p s   u s e d   in  c a r s   or  the   l i k e   a r e   l u m i n o u s   e f f i c a c y  

( lmfW)  and  i n c r e a s e d   l i f e   e x p e c t a n c y .   I t   is  i d e a l  

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

l i f e   of  t he   l a m p .   H o w e v e r ,   in  a  c o n v e n t i o n a l  

m i n i a t u r e   i n c a n d e s c e n t   l amp,   when  t h e   l u m i n o u s  

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

T h i s   is  b e c a u s e   f i l a m e n t   e v a p o r a t i o n   b e c o m e s   a c t i v e  

when  a  f i l a m e n t   t e m p e r a t u r e   is  i n c r e a s e d   to  i n c r e a s e  

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

f i l a m e n t   at  an  e a r l y   p e r i o d   and  b l a c k e n i n g   t he   b u l b  

w a l l .  

In  a  c o n v e n t i o n a l   lamp,   an  i n e r t   gas   is  f i l l e d  

in  a  b u l b   to  d e c r e a s e   f i l a m e n t   e v a p o r a t i o n ,   and  a  

g r e a t e r   e f f e c t   can  be  o b t a i n e d   when  t he   m o l e c u l a r  

w e i g h t   of  t he   f i l l e d   gas  is  l a r g e r .   For   e x a m p l e ,  

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

gas   can  be  h i g h e r   t h a n   t h a t   of  a  lamp  f i l l i n g  

a r g o n   gas   and  has   a  l o w e r   f i l l i n g  g a s   l o s s   t h a n  

t h e   lamp  f i l l i n g   a r g o n   g a s .   In  a d d i t i o n ,   w h e n  

x e n o n   is  m ixed   w i t h   k r y p t o n ,   t he   a b o v e - m e n t i o n e d  

e f f e c t   can  be  t y p i c a l l y   r e i n f o r c e d ,   as  d e s c r i b e d  

in  J a p a n e s e   U t i l i t y   Model  P u b l i c a t i o n   No.  5 4 - 2 0 6 8 .  



Xenon  has   a  l o w e r   i o n i z a t i o n   v o l t a g e   t h a n   t h o s e   o f  

a r g o n   and  k r y p t o n .   When  a  h i g h   c o n t e n t   of  xenon   i s  

f i l l e d   in  t he   b u l b ,   an  a rc   d i s c h a r g e   o c c u r s   b e t w e e n   c o i l  

t u r n s   of  t h e   f i l a m e n t ,   and  the   f i l a m e n t   is  b u r n t   o u t .  

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

h a v i n g   r a t i n g s  o f   100  V  (100  W)  and  d e s c r i b e d   in  t h e  

a b o v e   p u b l i c a t i o n ,   the   r a t i o   of  x e n o n   to  k r y p t o n   i s  

r e d u c e d   to   5  t o   10.4%  by  v o l u m e .   In  a d d i t i o n ,   n i t r o g e n  

is   m i x e d   in  a  gas   m i x t u r e   of  k r y p t o n   and  x e n o n   t o  

i n c r e a s e   an  a r c   d i s c h a r g e   s t a r t i n g   v o l t a g e .   H o w e v e r ,  

when  t he   x e n o n   c o n t e n t   is  low  and  t he   c o n t e n t   o f  

n i t r o g e n   is  h i g h ,   t he   e f f e c t   of  x e n o n   is   i m p a i r e d .  

Demand  has   a r i s e n   f o r   a  m i n i a t u r e   i n c a n d e s c e n t   l a m p  

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

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

to  p r e v e n t   an  a r c   d i s c h a r g e   in  t h e   l a m p .  

A  c o n v e n t i o n a l   h a l o g e n   lamp  is  known  as  a n  

i n c a n d e s c e n t   lamp  -hav ing   h i g h   l u m i n o u s   e f f i c a c y   a n d  

long   l i f e .   H o w e v e r ,   the   b u l b   w a l l   t e m p e r a t u r e   m u s t  

be  i n c r e a s e d   to  a c t i v a t e   the   h a l o g e n   c y c l e   in  t h e  

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

q u a r t z   or  a l u m i n o s i l i c a t e   g l a s s   h a v i n g  h i g h   h e a t  

r e s i s t a n c e   m u s t   be  used   as  a  b u l b   m a t e r i a l .   H o w e v e r ,  

h a r d   g l a s s   is   e x p e n s i v e   and  is  d i f f i c u l t   to  work  w i t h .  

In  p a r t i c u l a r ,   when  a  m i n i a t u r e   lamp  has  a  lamp  p o w e r   o f  

l e s s   t h a n   8  W,  t h e   b u l b   must   be  e x t r e m e l y   m i n u a t u r i z e d  

to  i n c r e a s e   t he   b u l b   w a l l   t e m p e r a t u r e .   As  a  r e s u l t ,   t h e  

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

g l a s s ,   w h i c h   is  d i f f i c u l t   to  work  w i t h ,   c a n n o t   b e  

u s e d .   In  a d d i t i o n ,  w h e n   the   lamp  s i z e   is  d e c r e a s e d ,  

i t   is  d i f f i c u l t   to  c o n t r o l   and  f i l l   the   p r o p e r   a m o u n t  

of  h a l o g e n   gas   in  t he   lamp.   When  the   lamp  i s  

m i n u a t u r i z e d  ,   t he   f i l a m e n t   c o i l   w i r e   mus t   b e  

t h i n n e r .   The  l i f e   of  the   lamp  b e c o m e s   s h o r t e n e d  

due  to   a  c h e m i c a l   r e a c t i o n   b e t w e e n   t h e   h a l o g e n  

gas   and  t h e   t h i n   c o i l   w i r e .   T h e r e f o r e ,   a  m i n i a t u r e  

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



t e c h n i q u e s   and  r e s u l t s   in  h i g h   c o s t .  

I t   is  an  o b j e c t   of  t he   p r e s e n t   i n v e n t i o n   to   p r o v i d e  

a  m i n i a t u r e   i n c a n d e s c e n t   lamp  wh ich   shows  h i g h   l u m i n o u s  

e f f i c a c y   and  l ong   l i f e   and  wh ich   p r e v e n t s   an  a r c  

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

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

i n e r t   gas   c o n t a i n s   x e n o n   and  n i t r o g e n .   A  c o n t e n t   o f  

x e n o n   in  t he   i n e r t   gas   is  80%  by  vo lume   or  m o r e .   A 

r a t i o   p / d   of  a  c o i l   p i t c h   ( s p a c i n g   b e t w e e n   c o i l   t u r n s )   p  
t o   a  w i r e   d i a m e t e r   d  is  1 .4   or  m o r e .  

When  t he   c o n t e n t   of  xenon   is  l e s s   t h a n   80%  b y  

v o l u m e ,   t he   e f f e c t   of  xenon   c a n n o t   be  o b t a i n e d ,   and  a  

lamp  have   h i g h   l u m i n o u s   e f f i c a c y   and  l o n g   l i f e  

c a n n o t   be  o b t a i n e d .  

The  xenon   c o n t e n t   p r e f e r a b l y   f a l l s   w i t h i n   t he   r a n g e  
of   90  and  98%  by  v o l u m e .  

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

r a n g e   of  2  and  10%  by  v o l u m e   so  as  to  o b t a i n  

t h e   e f f e c t   of  xenon   and  p r e v e n t   the   a r c   d i s c h a r g e .  

When  the   r a t i o   p /d   is  l a r g e r ,   the   e f f e c t   o f  

p r e v e n t i n g   the   a r c   d i s c h a r g e   can  be  i m p r o v e d .   H o w e v e r ,  

in  p r a c t i c e ,   t he   u p p e r   l i m i t   of  the   p i t c h   p  is   2 . 0 .  

The  r a t i o   p /d   p r e f e r a b l y   f a l l s   w i t h i n   t h e   r a n g e   o f  

1 . 4   and  1 . 8 .  

The  i n e r t   gas   f i l l e d   in  t he   lamp  of  t h e   p r e s e n t  

i n v e n t i o n   is  no t   l i m i t e d   to  xenon   and  n i t r o g e n .   T h e  

i n e r t   gas   may  c o n t a i n   a r g o n   a n d / o r   k r y p t o n .  

The  a p p l i c a t i o n   of  t he   lamp  a c c o r d i n g   to  t h e  

p r e s e n t   i n v e n t i o n   is  no t   l i m i t e d   to  use   in  v e h i c l e s  

b u t   can  be  e x t e n d e d   to  d e c o r a t i v e   i l l u m i n a t i o n s   f o r  

home  u s e .  

The  lamp  b a s e   is  no t   l i m i t e d   to  be  of  a  wedge  t y p e  

b u t   can  be  of  an  E d i s o n   t y p e .  

A  m a t e r i a l   f o r   the   lamp  b u l b   a c c o r d i n g   to   t h e  

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



g l a s s .   A  l a r g e   a m o u n t   of  xenon   h a v i n g   h i g h   m o l e c u l a r  

w e i g h t   ( i . e . ,   a  low  t h e r m a l   c o n d u c t i v i t y   c o e f f i c i e n t )  

i s   f i l l e d   in  t he   b u l b   of  t h e   lamp  of  t he   p r e s e n t  

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

w o r k a b i l i t y   can  be  a d a p t e d .  

T h i s   i n v e n t i o n   can  be  more  f u l l y   u n d e r s t o o d   f r o m  

t h e   f o l l o w i n g   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 ,   in  w h i c h :  

F i g .   1  is  a  p e r s p e c t i v e   v iew  of  a  wedge  b a s e   t y p e  

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

F i g .   2  shows  a  f i l a m e n t   of  t he   lamp  shown  i n  

F i g .   1;  a n d  

F i g .   3  is  a  g r a p h   s h o w i n g   the   r e l a t i o n s h i p   b e t w e e n  

t h e   r a t i o   p /d   of  a  c o i l   p i t c h   p  to  a  w i r e   d i a m e t e r   d  a n d  

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

A  m i n i a t u r e   i n c a n d e s c e n t   lamp  shown  in  F i g .   1 

c o m p r i s e s   a  wedge  b a s e   t y p e   lamp  h a v i n g   r a t i n g s   of  12  V 

(5  W).  A  b u l b   1  c o m p r i s e s   s o f t   g l a s s   s u c h   as  l e a d   g l a s s  

or   s o d a - l i m e   g l a s s .   A  t u n g s t e n   f i l a m e n t   2  is   m o u n t e d   i n  

t h e   b u l b   1  and  is  c o n n e c t e d   to   l e a d   w i r e s   3.  The  l e a d  

w i r e s   3  a re   s e a l e d   a t   a  p i n c h - s e a l e d   p o r t i o n   4  a n d  

e x t e n d   o u t s i d e   t h e r e f r o m .   L e a d - o u t   p o r t i o n s   6  of  t h e  

l e a d   w i r e s   3  a r e   f o l d e d   a l o n g   t he   s i d e   s u r f a c e s   of  t h e  

p i n c h   s e a l e d   p o r t i o n   4.  The  c e n t r a l   p o r t i o n   o f  

t h e   f i l a m e n t   2  is  s u p p o r t e d   by  an  a n c h o r   w i r e   5 .  

A  gas  m i x t u r e   of  x e n o n   gas  and  n i t r o g e n   g a s ,  
w h i c h   has  a  vo lume   r a t i o   of  9 5  :   5,  is   f i l l e d   i n  

t h e   b u l b   1  at   a  t o t a l   p r e s s u r e   of  79992  Pa  (600  T o r r ) .  

The  f i l a m e n t   2  c o m p r i s e s   a  s i n g l e   c o i l   made  of  a  

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

b e t w e e n   c o i l   t u r n s )   p  (mm)  to  a  w i r e   d i a m e t e r   d  (mm) 

shown  in  F i g .   2  is  g i v e n   as  1 . 8 .  

The  s p e c i f i c a t i o n s   of  t he   lamp  of  t he   p r e s e n t  

i n v e n t i o n   and  the   c o n v e n t i o n a l   m i n i a t u r e   i n c a n d e s c e n t  

lamp  a re   s u m m a r i z e d   b e l o w .  



As  is   a p p a r e n t   f rom  the   a b o v e   t a b l e ,   t he   c o l o r  

t e m p e r a t u r e ,   l u m i n o u s   f l u x   and  l i f e   of  t he   m i n i a t u r e  

i n c a n d e s c e n t   lamp  of  t he   p r e s e n t   i n v e n t i o n   a re   b e t t e r  

t h a n   t h o s e   of  t he   c o n v e n t i o n a l   l a m p .  

When  100%  of  xenon   gas   is  f i l l e d   in  the   b u l b ,   t h e  

c o n v e c t i o n   l o s s   of  t he   gas   is  d e c r e a s e d ,   so  t h a t   t h e  

l u m i n o u s   f l u x   a f t e r   100  h o u r s   can  be  more  t h a n   70  1 m .  

As  p r e v i o u s l y   d e s c r i b e d ,   h o w e v e r ,   xenon   has  a  l o w  

i o n i z a t i o n   v o l t a g e ,   and  an  a r c   d i s c h a r g e   t e n d s   to  o c c u r  

b e t w e e n   t h e   c o i l   t u r n s   of  t he   f i l a m e n t .   For  e x a m p l e ,  

when  a  12  V,  5  W  t y p e   lamp  is  u s e d ,   an  a r c   d i s c h a r g e  

s t a r t i n g   v o l t a g e   b e c o m e s   as  low  as  1 4 . 5   V  ( r a t i o   at   t h e  

r a t e d   v o l t a g e   is  1 . 2 ) .   H o w e v e r ,   when  t he   vo lume  c o n t e n t  

of  x e n o n   gas   in  t he   f i l l i n g   gas   b e c o m e s   l e s s   t h a n   8 0 % ,  

t h e   a r c   d i s c h a r g e   s t a r t i n g   v o l t a g e   is  i n c r e a s e d .   T h e  

l u m i n o u s   f l u x   a f t e r   1 , 0 0 0   h o u r s   b e c o m e s   55  1m  or  l e s s .  

In  t h i s   m a n n e r ,   t he   e f f e c t   of  x e n o n   gas  is  e x t r e m e l y  

i m p a i r e d .  

A c c o r d i n g   to  t he   p r e s e n t   i n v e n t i o n ,   the   v o l u m e   %  o f  

x e n o n   gas   is  k e p t   at   80%  or  m o r e ,   and  t he   e f f e c t   o f  

x e n o n   gas   is  m a i n t a i n e d .   In  a d d i t i o n ,   n i t r o g e n   gas  i s  

m i x e d   in  x e n o n   gas  and  the   r a t i o   p / d   of  the   c o i l   p i t c h   p  
to   t he   w i r e   d i a m e t e r   d  is  k e p t   to  be  1 .4   or  m o r e ,  

t h e r e b y   p r e v e n t i n g   a  d e c r e a s e   in  t h e   a r c   d i s c h a r g e  

s t a r t i n g   v o l t a g e .  

The  p r e s e n t   i n v e n t o r s   made  an  e x p e r i m e n t   to  c l a r i f y  



t he   r e l a t i o n s h i p   b e t w e e n   the   r a t i o   p /d   and  the   a r c  

d i s c h a r g e   s t a r t i n g   v o l t a g e   in  a  12  V,  5  W  t y p e  m i n i a t u r e  

i n c a n d e s c e n t   lamp.   R e s u l t s   a r e   shown  in  F i g .   3 .  

As  is   a p p a r e n t   from  the   g r a p h   in  F i g .   3,  i t   i s  

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

s u f f i c i e n t l y   h igh   when  the   r a t i o   p / d   is  1 . 4   or  m o r e .  

H o w e v e r ,   when  the   r a t i o   p /d   b e c o m e s   l e s s   t h a n   1 . 4 ,   t h e  

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

i n c r e a s e d ,   so  t h a t   the   a rc   d i s c h a r g e   t e n d s   to  o c c u r .   As 

d e s c r i b e d   a b o v e ,   when  the   r a t i o   p /d   is  1 .4   or  m o r e ,  

h o w e v e r ,   the   e l e c t r i c   f i e l d   s t r e n g t h   b e t w e e n   the   c o i l  

t u r n s   is  d e c r e a s e d .   As  a  r e s u l t ,   t he   a r c   d i s c h a r g e   w i l l  

no t   s u b s t a n t i a l l y   o c c u r .  

As  has  been   d e s c r i b e d   a b o v e ,   a c c o r d i n g   to  t h e  

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

s i n c e   t he   i n e r t   gas  c o n t a i n s   80%  by  v o l u m e   or  more  o f  

x e n o n ,   t h e   gas   l o s s   becomes   s m a l l   and  t h e   l u m i n o u s  

e f f i c a c y   is  i m p r o v e d .   The  f i l a m e n t   e v a p o r a t i o n   o f  

t h e   lamp  can  be  d e c r e a s e d   to  p r o v i d e   l o n g   l i f e .  

F u r t h e r m o r e ,   n i t r o g e n   is  m i x e d   in  x e n o n ,   and  the   r a t i o  

p / d   of  t he   f i l a m e n t   is  1.4  or  m o r e .   T h e r e f o r e , .   t he   a r c  

d i s c h a r g e   w i l l   not   o c c u r   b e t w e e n   t h e   t u r n s   of  the   c o i l e d  

f i l a m e n t .   S o f t   g l a s s   is  u s e d   as  t he   b u l b   m a t e r i a l ,   s o  

t h a t   t he   lamp  can  be  e a s i l y   m a n u f a c t u r e d   a t   low  c o s t .  



1.  A  m i n i a t u r e   i n c a n d e s c e n t   lamp  c o m p r i s i n g   a  

g l a s s   b u l b   (1)  f i l l i n g   an  i n e r t   gas   t h e r e i n   and  a  c o i l e d  

f i l a m e n t   (2)  a r r a n g e d   in  s a i d   b u l b   ( 1 ) ,   the   i n e r t   gas   I 

c o n t a i n i n g   xenon   and  n i t r o g e n ,   c h a r a c t e r i z e d   in  t h a t  

a  c o n t e n t   of  x e n o n   in  the   i n e r t   gas   b e i n g   not   l e s s  

t h a n   80%  by  v o l u m e ,   and  a  r a t i o   p / d   of  a  c o i l   p i t c h  

p  of  the  c o i l e d   f i l a m e n t   (2)  to  a  w i r e   d i a m e t e r  

d  b e i n g   not   l e s s   t h a n   1 . 4 .  

2.  A  lamp  a c c o r d i n g   to  c l a i m   1,  c h a r a c t e r i z e d   i n  

t h a t   a  c o n t e n t   of  xenon   f a l l s   w i t h i n   a  r a n g e   of  90%  b y  

vo lume   and  98%  by  v o l u m e .  

3.  A  lamp  a c c o r d i n g   to  c l a i m   1  or   2,  c h a r a c t e r i z e d   i n  

t h a t   a  c o n t e n t   of  n i t r o g e n   f a l l s   w i t h i n   a  r a n g e   o f  

2%  by  vo lume  and  10%  by  v o l u m e .  

4.  A  lamp  a c c o r d i n g   to  c l a i m   1,  2  or  3,  c h a r a c t e r i z e d   i n  

t h a t   the   i n e r t   gas   f u r t h e r   c o n t a i n s   at   l e a s t   o n e  

m a t e r i a l   s e l e c t e d   f rom  the   g r o u p   c o n s i s t i n g   of  a r g o n  
and  k r y p t o n .  

5.  A  lamp  a c c o r d i n g   to  any  of  claims  1  to  4,  c h a r a c t e r i z e d   i n  

t h a t   the   r a t i o   p / d   f a l l s   w i t h i n   a  r a n g e   of  1.4  a n d  

2 . 0 .  

6.  A  lamp  a c c o r d i n g   to  c l a i m   5,  c h a r a c t e r i z e d   i n  

t h a t   the   r a t i o   p / d   f a l l s   w i t h i n   a  r a n g e   of  1.4  a n d  

1 . 8 .  

7.  A  lamp  a c c o r d i n g   to  any  of  c laims  1  to  6,  c h a r a c t e r i z e d   i n  

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