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Tungsten-iridium  impregnated  cathode. 

Porous  agglomerates  (14)  are  made  from  pure  tungsten  by 
sintering  fine  particles  together  and  mechnically  breaking 
down  the  mass  to  form  some  agglomerates  (14)  considerably 
larger  than  the  particles.  These  agglomerates  (14)  are  mixed 
with  fine  iridium  powder  (18)  and  sintered  to  form  a  porous 
mass.  The  mass  is  machined  to  the  cathode  shapes  (10')  and 
impregnated  with  an  alkaline  earth  aluminate  (18).  The  large 
agglomerates  (14)  alloy  with  the  iridium  only  on  their  outer 
surface.  Their  pure  tungsten  interior  provides  the  surfaces  to 
reduce  the  alkaline  earth  oxide  to  the  metal  which  activates 
the  cathode. 



FIELD  OF  THE  INVENTION 

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

in  w h i c h   a  p o r o u s   body  of   r e f r a c t o r y   m e t a l   i s  

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

a l k a l i - e a r t h .  

PRIOR  ART 

E a r l y   i m p r e g n a t e d   c a t h o d e s   were   made  b y  

s i n t e r i n g   a  body  of   p o w d e r e d   t u n g s t e n   to   f o r m   a  

p o r o u s   b l o c k .   The  p o r o u s   m a t e r i a l   was  i m p r e g n a t e d  

w i t h   m o l t e n   c o p p e r   or  an  o r g a n i c   p o l y m e r   to   make  i t  

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

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

was  i m p r e g n a t e d   w i t h   a  m o l t e n   b a r i u m   a l u m i n a t e .  

U .S .   P a t e n t   No.  2 , 7 0 0 , 0 0 0   i s s u e d   J a n u a r y   18,   1 9 5 5  

to  R.  L e v i   d e s c r i b e s   s u c h   a  c a t h o d e .  

U . S .   P a t e n t   No.  3 , 3 7 3 , 3 0 7   i s s u e d   N o v e m b e r   1 2 ,  

1964  d e s c r i b e s   an  i m p r o v e d   i m p r e g n a t e d   c a t h o d e   i n  

w h i c h   t h e   e m i s s i v e   s u r f a c e   i s   c o a t e d   w i t h   i r i d i u m  

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

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

the   i m p r o v e m e n t   is  o f t e n   s h o r t - l i v e d .   A  p r i n c i p a l  

p r o b l e m   s e e m s   to   be  t h a t ,   in  an  e l e c t r o n   t u b e  

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

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

g a s .   They  a r e   a c c e l e r a t e d   b a c k   to   t h e   c a t h o d e   a n d  

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

t h e   i r i d i u m .  

U . S .   P a t e n t   No.  4 , 1 6 5 , 4 7 3   i s s u e d   A u g u s t   2 1 ,  

1979  to   L o u i s   R.  F a l c e   and  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 ,   d i s c l o s e s   a  c a t h o d e   i n  

w h i c h   p a r t i c l e s   of  i r i d i u m   or  t h e   l i k e   a r e   d i s p e r s e d  

among  t h e   t u n g s t e n   p a r t i c l e s   of   t h e   m a t r i x .   D u r i n g  

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



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

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

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

a l l o y i n g ,   t h e   e m i s s i o n   i s   o f t e n   p o o r .   I f   t h e  

s i n t e r i n g   i s   h e l d   to   a  m i n i m u m ,   t h e   e m i s s i o n   i s  

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

t u n g s t e n   o c c u r s   a t   o p e r a t i n g   t e m p e r a t u r e   to   f o r m  

u n r e a c t i v e   a l l o y .   T h i s   in  t u r n   c a u s e s   t h e   b a r i u m  

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

d e c a y   in   e m i s s i o n .   A l s o ,   s h r i n k a g e   of   t h e   c a t h o d e  

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

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

e l e c t r o n   o p t i c s   of   t h e   g u n .  

PURPOSE  OF  THE  INVENTION 

An  o b j e c t   of   t h e   i n v e n t i o n   i s   to   p r o v i d e   a  

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

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

and  o p e r a t i o n .  

T h e s e   o b j e c t s   a r e   r e a l i z e d   by  f o r m i n g   t h e  

p o r o u s   m a t r i x   of   a  mix   of   two  k i n d s   of  g r a i n s :  

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

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

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

FIG.   1  i s   a  s c h e m a t i c   e n l a r g e d   c r o s s - s e c t i o n  

of  a  p o r t i o n   of  a  c a t h o d e   e m b o d y i n g   t h e   i n v e n t i o n .  

F IG .   2  i s   a  c r o s s   s e c t i o n   of   a  c o n c a v e   c a t h o d e  

f o r   a  l i n e a r - b e a m   m i c r o w a v e   t u b e .  

DESCRIPTION  OF  THE  PREFERRED  EMBODIMENTS 

A s  a   b a s i s   f o r   t h e   p h y s i c a l : f o r m   of  my 
i n v e n t i v e   c a t h o d e ,   f o l l o w i n g   i s  a  b r i e f   d e s c r i p t i o n  

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



c a t h o d e .   B a s i c a l l y   t h e r e   a r e   two  r e q u i r e m e n t s  

w h i c h   in  p r i o r - a r t   c a t h o d e s   w e r e   o f t e n   a t   o d d s .  

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

has   a  low  w o r k - f u n c t i o n .   T h i s   i s   p r o v i d e d   by  a  t h i n  

( s o m e t i m e s   m o n a t o m i c )   l a y e r   of   an  a l k a l i n e   e a r t h  

m e t a l   s u c h   as  b a r i u m ,   s t r o n t i u m ,   c a l c i u m   or   m i x t u r e s  

t h e r e o f   and  o f t e n   c o n t a i n i n g   o x y g e n   as  w e l l .  

The  s e c o n d   r e q u i r e m e n t   i s   a  m e a n s   f o r  

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

o p e r a t i o n   by  e v a p o r a t i o n   or   s p u t t e r i n g .  

In  t h e   f o l l o w i n g   d e s c r i p t i o n   we  u s e   t h e   w o r d  

" t u n g s t e n "   to   i n c l u d e   a  n u m b e r   of  r e f r a c t o r y ,  

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

m o l y b d e n u m .   We  u s e   t h e   word   " b a r i u m "   as  an  e x a m p l e  

of  an  a l k a l i n e   e a r t h   m e t a l   or   c o m p o u n d ,   w h i c h   m a y  

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

t h e r e o f   as  w e l l .   T h e s e   u s e s   do  n o t   a p p l y   to   t h e   c l a i m s .  

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

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

t u n g s t e n .   I t   has   a  m o d e r a t e l y   low  work  f u n c t i o n  

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

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

h o w e v e r ,   b e c a u s e   t h e   s u r f a c e s   of  t h e   t u n g s t e n   m a t r i x  

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

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

of  a r o u n d   1 0 0 0 ° C ,   s u f f i c i e n t   to   r e a c t   w i t h   t h e  

o x i d e   and  p r o d u c e   f r e e   b a r i u m   a t o m s .   T h i s   b a r i u m  

can  t h e n   be  t r a n s p o r t e d   to   t h e   a c t i v e   s u r f a c e   t o  

r e - a c t i v a t e   i t   a s  f a s t   as  s u r f a c e   m a t e r i a l   w a s  

r e m o v e d .  

The  a d d i t i o n   of  a  s u r f a c e   l a y e r   of  i r i d i u m   o r  

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

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

h e n c e   h i g h e r   e m i s s i o n   d e n s i t y .   The  work  f u n c t i o n   i s  

b e l i e v e d   to   be  a f f e c t e d   by  t h e   e x t e n t   to   w h i c h   t h e  

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



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

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

I r i d i u m ,   h o w e v e r ,   has   low  r e d u c i n g   p o w e r .   When  i t  

i s   a d d e d   t o   t h e   m a t r i x   as  t a u g h t   by  U . S .   P a t e n t  

No.  4 , 1 6 5 , 4 7 3   i t   a l l o y s   w i t h   t h e   t u n g s t e n ,   p e r h a p s  

more   as   a  s u r f a c e   c o a t i n g   t h a n   a  b u l k   a l l o y .   T h i s  

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

and  s l o w   t h e   r e p l e n i s h m e n t   of   l o s t   b a r i u m .  

In   c a r r y i n g   o u t   t h i s   i n v e n t i o n ,   we  p r o v i d e  

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

i n   a  m a t r i x   o f   t u n g s t e n - i r i d i u m   a l l o y .   The  i r i d i u m  

p r o v i d e s   a  s u r f a c e   w h i c h   can   be  a c t i v a t e d   t o   h a v e  

a  low  work   f u n c t i o n .   Even   when  s u r f a c e   m a t e r i a l  

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

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

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

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

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

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

s u r f a c e .   T h e i r   s i z e   and  c o n v o l u t i o n s   is   s u f f i c i e n t  

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

t h e i r   o u t e r   s u r f a c e s .  

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

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

1.  P o r o u s   t u n g s t e n   b a r   s t o c k   is   made  b y  

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

p a r t i c l e s   of  a b o u t   5  m i c r o n s   d i a m e t e r ,   as  is   w e l l  

known  in  t h e   a r t .   The  d e n s i t y   of  t h e   r e s u l t i n g   b a r  

i s   a b o u t   72%  of  t h a t   of  s o l i d   t u n g s t e n .  

2.  The  b a r   i s   i m p r e g n a t e d   w i t h   a  l i q u i d  

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

i s   t h e n   p o l y m e r i z e d   by  h e a t   as  d e s c r i b e d   in  U . S .  

P a t e n t   No.  3 , 0 7 6 , 9 1 6   i s s u e d   F e b r u a r y   5,  1963  t o  

O t t o   G.  K o p p i u s .   The  b a r   i s   b r o k e n   down  i n t o   a  

m i x t u r e   of   a g g l o m e r a t e s   by  m a c h i n i n g ,   s u c h   a s  

t u r n i n g   on  a  l a t h e .  



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

the   a g g l o m e r a t e s   and  any  c a r b o n   r e s i d u e s   a r e   c l e a n e d  

up  by  f i r i n g   in  wet   h y d r o g e n   a t   7 5 0 ° C .  

4.  A g g l o m e r a t e s   l a r g e r   t h a n   150  m i c r o n s   a r e  
s i e v e d   o u t   and  d i s c a r d e d .  

5.  The  t u n g s t e n   a g g l o m e r a t e s   and  f i n e s   w h i c h  

p a s s   t h r o u g h   a  100  mesh  s i e v e   a r e   t u m b l e   m i x e d  

w i t h   - 3 2 5   mesh  i r i d i u m   p o w d e r   in  t h e   p r o p o r t i o n   o f  

60  p a r t s   by  w e i g h t   of  t u n g s t e n   to   4 0  p a r t s   o f  

i r i d i u m .  

6.  The  p o w d e r   mix  i s   p r e s s e d   a t   3 . 4 x 1 0 5   N / m 2  

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

1 7 2 0 ° C   to  g i v e   p u r e   t u n g s t e n   a g g l o m e r a t e s   d i s p e r s e d  
in  a  m a t r i x   of  i r i d i u m - t u n g s t e n   a l l o y .   Mos t   o f  

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

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

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

7.  The  s i n t e r e d   body   is   t h e n   m a n u f a c t u r e d  

i n t o   c a t h o d e   e l e m e n t s   by  c o n v e n t i o n a l   t e c h n i q u e s :  

7a .   M o l t e n   c o p p e r   i s   i n f i l t r a t e d   i n t o   t h e  

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

7b.   The  c a t h o d e   s h a p e s   a r e   m a c h i n e d   f rom  t h e  

c o p p e r - i n f i l t r a t e d   b a r .  

7c .   The  c o p p e r   is  r e m o v e d   by  c h e m i c a l   e t c h i n g  

and  h y d r o g e n   f i r i n g .  

7d.   The  c a t h o d e   e l e m e n t s   a r e   i m p r e g n a t e d   i n  

h y d r o g e n   or  vacuum  w i t h   b a r i u m - c a l c i u m   a l u m i n a t e ,  

t y p i c a l l y   6 B a O : l C a O : 2 A l 2 0 3 .  
8 .   The  e m i s s i v e   s u r f a c e   may  be  s p u t t e r   c o a t e d  

w i t h   a  c o d e p o s i t e d   5 0 : 5 0   m i x t u r e   of  t u n g s t e n   a n d  

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

as  t h e   i r i d i u m - t u n g s t e n   a l l o y   m i x t u r e ,   so  i t s  

r e m o v a l   by  ion  s p u t t e r i n g   d o e s   no t   s e r i o u s l y   a f f e c t  

t he   c a t h o d e .  

T h i s   e m b o d i m e n t   of  t h e   i n v e n t i o n   h a s   b e e n   f o u n d  

to  p r o v i d e   e m i s s i o n   c u r r e n t   d e n s i t i e s   e q u a l   o r  



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

e x a m p l e s   of  t h e   p r i o r   a r t .   H o w e v e r ,   u n l i k e   t h e - p r i o r  

a r t ,   t h i s   c a t h o d e   can   be  r e p r o d u c i b l y   m a n u f a c t u r e d .  
C a t h o d e s   c a p a b l e   of   8  a m p e r e s   p e r   s q u a r e   c e n t i m e t e r  

b e l o w   1 0 5 0 ° C   b r i g h t n e s s   h a v e   b e e n   p r o d u c e d   w i t h  

g r e a t e r   t h a n   90%  y i e l d .   R u n n i n g   t e m p e r a t u r e s   f o r   a  

g i v e n   c u r r e n t   d e n s i t y   w e r e   w i t h i n   10°C  of  e a c h   o t h e r .  

The  p e r f o r m a n c e   was  v e r y   s t a b l e   w i t h   o p e r a t i n g   t i m e .  

C a t h o d e s   have   p a s s e d   4 , 0 0 0   h o u r s   a t   8  A/cm2  w i t h  

p r a c t i c a l l y   no  c h a n g e .  

The  l a r g e   a g g l o m e r a t e s   a l l o y   w i t h   t h e   i r i d i u m  

d u r i n g   s i n t e r i n g   and  s u b s e q u e n t   o p e r a t i o n ,   b u t   d u e  

to   t h e i r   s i z e   t h e   a l l o y i n g   o c c u r s   o n l y   a t   t h e i r  

o u t e r   s u r f a c e s .   They   a r e   p o r o u s   and  a r e   c o m p l e t e l y  
i n f i l t r a t e d   by  t h e   a c t i v e   o x i d e   so  t h a t   t h e   r e d u c t i o n  

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

F IG .   2  i l l u s t r a t e s   t h e   i n c o r p o r a t i o n   of  t h e  

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

c a t h o d e   s t r u c t u r e   as  u s e d   in  a  l i n e a r - b e a m   m i c r o w a v e  

t u b e .   C a t h o d e   10 '   i s   m a c h i n e d   to   h a v e   a  s m o o t h  

c o n c a v e   e m i t t i n g   s u r f a c e   20 '   ( u s u a l l y   s p h e r i c a l ) .  

I t s   b a s e   i s   f i t t e d   o n t o   a  c y l i n d r i c a l   s u p p o r t   2 2 ,  

as   of   m o l y b d e n u m   or   t a n t a l u m   and  a t t a c h e d   t h e r e t o  

as  by  w e l d i n g   a t   j u n c t i o n   23.  A  r a d i a n t   h e a t e r   2 4 ,  

as  of   t u n g s t e n   w i r e   in  a  b i f i l a r   s p i r a l   is   s u p p o r t e d  

by  i t s   l e g s   25  by  t h e   s u p p o r t   means   ( n o t   s h o w n )   o f  

c y l i n d e r   2 2 .  

I t   w i l l   be  o b v i o u s   to   t h o s e   s k i l l e d   in  t h e   a r t  

t h a t   m a n y - v a r i a t i o n s   of  t h e   a b o v e - d e s c r i b e d   c a t h o d e  

and  p r o c e s s   of  p r o d u c t i o n   can   be  made  w i t h i n   t h e  

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

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

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

may  v a r y   f rom  a b o u t   20%  to   a b o u t   80%.  The  " b a r i u m *  

may  a l s o   i n c l u d e   c a l c i u m ,   a n d / o r   s t r o n t i u m ,   o r  

m i x t u r e s   t h e r e o f .   The  " t u n g s t e n "   may  be  m o l y b d e n u m ,  



t u n g s t e n ,   or  t h e i r   a l l o y s .   The  " i r i d i u m "   may  b e  

o s m i u m ,   r u t h e n i u m ,   r h e n i u m ,   i r i d i u m   or   a l l o y s  

t h e r e o f .  



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

a  p o r o u s   m a t r i x   of  an  a l l o y   of  a t   l e a s t   o n e  

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

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

a l l o y s   of  t h e s e ,  

p o r o u s   a g g l o m e r a t e s   d i s p e r s e d   in  s a i d   m a t r i x  

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

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

one  of  s a i d   r e f r a c t o r y   m e t a l s ,   a n d  

t h e   p o r e s   of  s a i d   m a t r i x   and  s a i d   a g g l o m e r a t e s  

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

l e a s t   one  a l k a l i n e   e a r t h   o x i d e .  

2.  The  c a t h o d e   of  c l a i m   1  w h e r e i n   s a i d   a c t i v e  

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

3.  The  c a t h o d e   of  c l a i m   1  w h e r e i n   s a i d   p l a t i n u m  

g r o u p   m e t a l   i s   i r i d i u m .  

4.  The  c a t h o d e   of  c l a i m   1  w h e r e i n   s a i d   r e f r a c t o r y  

m e t a l   i s   t u n g s t e n .  

5.  The  c a t h o d e   of  c l a i m   1  f u r t h e r   c o m p r i s i n g   a  

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

6.  The  c a t h o d e   of  c l a i m   5  f u r t h e r   c o m p r i s i n g   a  

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

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

r e f r a c t o r y   m e t a l .  



7.  The  c a t h o d e   of  c l a i m   6  w h e r e i n   t h e   c o m p o s i t i o n  

of  s a i d   l a y e r   is   a p p r o x i m a t e l y   the   a v e r a g e  

c o m p o s i t i o n   of  s a i d   m a t r i x .  

8.  The  c a t h o d e   of  c l a i m   1  f u r t h e r   c o m p r i s i n g  

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

9.  The  c a t h o d e   of   c l a i m   1  f u r t h e r   c o m p r i s i n g  

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

of  a b o u t   1 0 0 0 ° C   to   1 1 0 0 ° C .  

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

c a t h o d e   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  p o r o u s   body   by  s i n t e r i n g   t o g e t h e r  

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

c o n s i s t i n g   of  t u n g s t e n ,   m o l y b d e n u m   and  a l l o y s   o f  

t h e s e ,  

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

i n t o   f i n e s   and  a g g l o m e r a t e s ,   s a i d   a g g l o m e r a t e s  

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

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

d i m e n s i o n s   s m a l l   c o m p a r e d   to   s a i d   a g g l o m e r a t e s ,  

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

of  t h e   g r o u p   c o n s i s t i n g   of  i r i d i u m ,   r h e n i u m ,  

r u t h e n i u m   and  o s m i u m ,  

c o m p r e s s i n g   s a i d   m i x t u r e ,  

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

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

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

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

11.  The  p r o c e s s   of   c l a i m   10  f u r t h e r   c o m p r i s i n g   t h e  

s t e p s ,   a f t e r   s i n t e r i n g   s a i d   m i x t u r e ,   o f :  

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

c o n v e r t i n g   s a i d   l i q u i d   to   a  s o l i d   to   s u p p o r t  

s a i d   p o r o u s   m a s s ,  



m a c h i n i n g   s a i d   mass   to  t h e   s h a p e   of  a  d e s i r e d  

c a t h o d e ,  

r e m o v i n g   s a i d   s o l i d .  

12.  The  p r o c e s s   of  c l a i m   11  f u r t h e r   c o m p r i s i n g   t h e  

s t e p s   o f :  

m a c h i n i n g   on  s a i d   c a t h o d e   s h a p e   a  s m o o t h  

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

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

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

s a i d   r e f r a c t o r y   m e t a l .  

13.  The  p r o c e s s   of  c l a i m   12  w h e r e i n   t h e   c o m p o s i t i o n  

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

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

n o b l e   m e t a l .  

14.  The  p r o c e s s   of  c l a i m   11  f u r t h e r   c o m p r i s i n g   t h e  

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

15.  The  p r o c e s s   of  c l a i m   14  f u r t h e r   c o m p r i s i n g   t h e  

s t e p   of  a t t a c h i n g   to   s a i d   s u p p o r t   means   a  h e a t e r  

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

a b o u t   1000  to   1100  d e g r e e s   C e l s i u s .  
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