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@  Thermionic  cathode. 

An  example  of  a  thermionic  cathode  (Figure  1)  comprises  a 
porous  body  (12)  of  Tungsten  impregnated  with  Barium  Calcium 
Aluminate.  The  body  has  a  coating  of  Osmium  in  isolated 
squares  (142)  such.  that  no  portion  of  the  surface  of  the  coating 
is  more  than  30  micron  from  an  exposed  surface  of  the  body. 
Materials  other  than  Tungsten,  Barium  Calcium  Aluminate,  and 
Osmium  may  be  used.  The  coating  may  be  in  a  predetermined 
pattern  other  than  squares.  By  providing  a  large  amount  of 
interface  between  the  coating  and  the  exposed  surface  of  the 
body,  electron  emission  is  enhanced. 



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  t h e r m i o n i c   c a t h o d e .  

A  known  t h e r m i o n i c   ca thode   compr i s e s   a  po rous   body  o f  

t ungs t en   impregna ted   with  Barium  Calcium  Aluminate  and  c o a t e d  

with  Osmium  over  i t s   e n t i r e   s u r f a c e .   The  c o a t i n g   may  be  0 . 2  

microns  t h i c k .  

According  to  one  a s p e c t   of  the  p r e s e n t   i n v e n t i o n   the re   i s  

p rov ided   a  t h e r m i o n i c   ca thode   c o m p r i s i n g :  

a  porous  body  of  r e f r a c t o r y   meta l   s e l e c t e d   from  the  group 

c o n s i s t i n g   of  Tungsten  and  Molybdenum  and  a l l o y s   t h e r e o f ;  

a  m a t e r i a l ,   d i s p e r s e d   w i t h i n   the  body,  c o n s t i t u t e d   by  a 

mix ture   of  Barium  Oxide,  an  oxide  of  an  a l k a l i n e   ea r th   m e t a l  

o ther   than  Barium  and  at  l e a s t   one  oxide  s e l e c t e d   from  the  group 

c o n s i s t i n g   of  Aluminium  Oxide  and  Boron  oxide ;   and  a 

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

from  the  group  c o n s i s t i n g   of  Osmium,  I r i d i u m ,   Ruthenium,  Rhodium 

and  Rhenium  and  a l l o y s   t h e r e o f   on  the  s u r f a c e   of  the  said  body 

and  exposed  s u r f a c e   of  the  body,  the  p r e d e t e r m i n e d   p a t t e r n   b e i n g  

such  tha t   no  p o r t i o n   of  the  s u r f a c e   of  the  coa t i ng   is  more  t h a n  

30  micron  from  the  exposed  s u r f a c e   of  the  body .  

According  to  ano the r   a s p e c t   of  the  p r e s e n t   i n v e n t i o n ,   t h e r e  

is  p rov ided   a  method  of  making  a  t h e r m i o n i c   cathode  c o m p r i s i n g  

the  s tep  of  forming,   on  a  porous  body  of  r e f r a c t o r y   m e t a l  

s e l e c t e d   from  the  group  c o n s i s t i n g   of  Tungsten   and  Molybdenum 

and  a l l o y s   t h e r e o f ,   t h e r e   being  d i s p e r s e d   wi th in   the  c a t h o d e  

a  m a t e r i a l   c o n s t i t u t e d   by  a  mix tu re   of  Barium  Oxide,  an  oxide  o f  

an  a l k a l i n e   ea r th   metal   o the r   than  Barium  and  at  l e a s t   one  o x i d e  



s e l e c t e d   from  the  group  c o n s i s t i n g   pf  Aluminium  Oxide  and  Boro 

Oxide,  a  p r e d e t e r m i n e d   p a t t e r n   compr is ing   a  coa t ing   of  a  m e t a l  

s e l e c t e d   from  the  group  c o n s i s t i n g   of  Osmium,  I r i d i u m ,  

Ruthenium,  Rhodium  and  Rhenium  and  a l l o y s   t h e r e o f   on  the  s u r f a  

of  the  body  and  exposed  s u r f a c e   of  the  body,  the  p r e d e t e r m i n e d  

p a t t e r n   being  such  t h a t   no  p o r t i o n   of  the  su r f ace   of  the  c o a t i i  

is  more  than  30  micron  from  the  exposed  su r face   of  the  body .  

I t   w i l l   be  a p p r e c i a t e d   t h a t   the  c a t h o d e - o f   the  i n v e n t i o n   t 

a  long  i n t e r f a c e   between  the  c o a t i n g   and  the  exposed  su r f ace   of 

the  body.  This  is  because   the  i n v e n t i o n   has  d i s cove red   t h a t  

e l e c t r o n   emiss ion   at  an  i n t e r f a c e   between  the  coa t ing   and  t h e  

exposed  s u r f a c e   is  e n h a n c e d .  

The  c o a t i n g   may have  a  t h i c k n e s s   in  the  range  0.1  to  1 .0  

microns  a l t h o u g h   0.2  to  0.4  microns  is  p r e f e r r e d .  

The  c o a t i n g   may  be  in  zones  s e p a r a t e d   by  exposed  s u r f a c e s  

the  body,  a d j a c e n t   zones  b e i n g ' s p a c e d   apar t   at  a  d i s t a n c e   in  t h  

range  1  to  20  m i c r o n s .   The  zones  may  be  r e g u l a r l y   o r  

i r r e g u l a r l y   p o s i t i o n e d   on  the  body.  The  zones  may  be  in  t h e  

form  of  s q u a r e s ,   or  s t r i p s   having  a  width  or  widths  in  the  r a n g  
5  to  50  mic rons .   A l t e r n a t i v e l y   the  coa t ing   may  be  in  the  form 

of  a  convo lu t ed   s t r i p ,   e .g .   a  s p i r a l .  

Embodiments  of  the  i n v e n t i o n   are  now  d e s c r i b e d ,   by  way  o f  

example,   wi th   r e f e r e n c e   to  the  accompanying  drawings ,   in  w h i c h : -  

F igu re s   1,  2  and  3  show  p o r t i o n s   of  e l e c t r o n   e m i t t e r s  

a c c o r d i n g   to  the  i n v e n t i o n ,  

F igure   4 shows  a  graph  u s e f u l   in  the  d e s c r i p t i o n   of  t h e  

i n v e n t i o n .  

F igure   1  shows  in  s c h e m a t i c   form  a  d i s p e n s e r   cathode  form  o 

e l e c t r o n   e m i t t e r .   A  th in   wa l led   tube  11  of  r e f r a c t o r y   m e t a l ,  
such  as  molybdenum,  has  at  one  end  a  t a b l e t   of  r e f r a c t o r y  

m a t e r i a l ,   12,  such  as  t u n g s t e n   sponge,  impregnated   with  an 
a l k a l i n e   e a r t h   compound  such  as  barium  calcium  a l u m i n a t e .   An 

osmium  c o a t i n g   is  a p p l i e d   to  body  12  as  a  film  121.  The  f i l m  

has  h i t h e r t o   been  a p p l i e d   in  a  g e n e r a l l y   uniform  manner  with  t h e  

body  12  as  a  s u b s t r a t e .   The  f i lm  may  be  1000  to  10,000  A  t h i c k  



A  c o n d u c t i v e   f i l a m e n t ,   13,  h e a t a b l e   by  the  passage  of  e l e c t r i c  

c u r r e n t ,   is  p rov ided   i n s i d e   tube  11.  The  arrangement   of  such  

ca thodes   is  well-known  and  is  not  s p e c i f i c a l l y   de sc r ibed   f u r t h e r .  

I t   has  now  been  found  tha t   e l e c t r o n   emiss ion  occurs  more 

r e a d i l y   at  an  i n t e r f a c e   between  the  edge  of  the  film  and  t h e  

body.  F i g u r e  4   is  a  graph  of  e m i s s i o n ,   in  a r b i t r a r y   un i t s   X, 

a g a i n s t   d i s t a n c e ,   p l o t t e d   along  a  l ine   c r o s s i n g   the  i n t e r f a c e .  

The  i n t e r f a c e   is  at  about  the  60  micron  po in t .   The  u n c o a t e d  

area   A  of  r e f r a c t o r y   body,  to  the  l e f t   in  Figure   4,  has  an  

emis s ion   of  some  1  u n i t ,   whi le   the  coated  area  B  to  the  r i g h t  

has  an  emiss ion   of  some  3  u n i t s .   However  the  i n t e r f a c e ,   C,  h a s  

a  much  h igher   e m i s s i o n ,   a  peak  of  some  9  u n i t s ,   over  a  width  o f  

some  10  to  20  m i c r o n .  

The  r easons   for  the  h igher   emiss ion   at  the  i n t e r f a c e   r e g i o n  

are  not  known  but  i t   is  l i k e l y   t h a t   in  t h i s   region  the  r a te   o f  

supply   of  Ba/Ba  0  a c t u a t o r   m a t e r i a l   to  the  s u b s t r a t e ,   and  t h e  

s u b s t r a t e   c o m p o s i t i o n   t h e r e   p r e s e n t ,   are  more  near ly   o p t i m u m  

than  on  e i t h e r   of  the  coated   and  uncoated   p o r t i o n s .  

A  s i m i l a r   but  l e s s   pronounced  e f f e c t   is  produced  on  s c r i b i n g  

a  l i n e   through  the  osmium  f i l m .  

Thus,  in  a cco rdance   with  the  p r e s e n t   i n v e n t i o n ,   the  c o a t i n g  

is  formed  in  a  p r e d e t e r m i n e d   p a t t e r n   such  tha t   no  po r t i on   of  t h e  

s u r f a c e   of  the  c o a t i n g   is  more  than  30  micron  from  an  exposed  

s u r f a c e   of  the  body.  This  i n c r e a s e s   the  l eng th   of  i n t e r f a c e   f o r  

a  given  area  of  s u b s t r a t e .  

F igure   1  shows  in  the  e n l a r g e d   p o r t i o n   one  form  of  osmium 

c o a t i n g ,   121,  in  a cco rdance   with  the  i n v e n t i o n ,   which  i n c r e a s e s  

the  i n t e r f a c e   l eng th   for  a  given  area  of  s u b s t r a t e .   The  osmium 

film  is  p r e s e n t   in  e l emen t s   141,  142  some  40  microns  s q u a r e  

spaced  by  10  microns  from  each  o t h e r .   These  s i zes   and  s p a c i n g s  

are  chosen  with  r e f e r e n c e   to  measurements   such  as  are  shown  i n  

F i g u r e  4   which  sugges t   t ha t   a  10  to  20  micron  region  at  the  edge  

of,   and  p robab ly   e x t e n d i n g   i n t o ,   the  osmium  f i lm,  is  the  more 

e f f e c t i v e   e m i t t e r .   A  s u i t a b l e   method  for  the  p roduc t ion   of  an 

osmium  fi lm  in  such  a  form  is  to  s p u t t e r   coat  or  e v a p o r a t e  



through  a  f ine  mesh.  A  s u i t a b l e   mesh  is  750  t h reads   per  i n c h  

e l e c t r o l y t i c   mesh,  as  used  in  camera  t ubes .   Before  c o a t i n g   t h e  

cathode  s u r f a c e   t h i s   should  be  po l i shed   to  a s s i s t   in  good 

r e g i s t r a t i o n   and  the  p r o d u c t i o n   of  a c c u r a t e ,   we l l - fo rmed   osmium 

film  e l e m e n t s .  

Using  the  above  t e c h n i q u e ,   or  s i m i l a r   t e c h n i q u e s ,   a  c a t h o d e  

can  be  produced  with  a  c o n s i d e r a b l e   p r o p o r t i o n ,   in  some  c a s e s  

over  50%,  of  the  su r f ace   formed  as  the  i n t e r f a c e   r eg ion ,   h a v i n g  

a  f i lm  c o a t i n g   which  is  no  more  than  30  micron  and  p r e f e r a b l y   10 

to  20  micron  from  the  uncoated  s u r f a c e .   The  f i lm  is  p r e f e r a b l y  

0.2  to  0.4  microns  t h i c k .  

Other  s u i t a b l e   methods  are  to  depos i t   a  uniform  f i lm  o v e r  

the  whole  s u r f a c e   and  etch  or  cut  away  the  fi lm  to  leave  t h e  

e l e m e n t s .   M a t e r i a l   may  be  cut  away  by  ion-beam  m i l l i n g   o r  

mechan i ca l   s c r i b i n g .   Masking  t e c h n i q u e s ,   for  example  p h o t o -  

r e s i s t   masks,  may  a l s o  b e   u s e d .  

F i g u r e s   2  and  3  show  o ther   p a t t e r n s   in  which  the  f i l m  c a n   be 

d e p o s i t e d ,   F igure   2  shows  s t r i p s   241,  242  of  osmium  film  221 

some  30  micron  wide  spaced  15  micron  a p a r t .   These  c o u l d . b e  

s e p a r a t e   p a r a l l e l   s t r i p s   or  s u c c e s s i v e   tu rns   of  a  s i ng l e   s p i r a l  

s t r i p .  

F igure   3  shows  p o r t i o n s   341,  342  of  con t inuous   fi lm  321 

having  a  channel   35,  which  produces   the  extended  i n t e r f a c e ,   t o  

the  s u b s t r a t e   s u r f a c e .   The  channel  is  15  microns  wide  and  t h e  

p o r t i o n s   are  40  micron  w i d e .  

The  e lements   such  as  141,  241,  341,  342  can  have  s i ze s   o f  

some  5  microns  up  to  50  microns  across  and  be  a  s t r i p ,   s q u a r e ,  
round  or  have  i r r e g u l a r   form.  The  e lements   can  be  spaced  by 

some  1  to  20  or  more  microns  in  a  r egu l a r   or  i r r e g u l a r  

p a t t e r n .   The  cathode  s u r f a c e   may  be  plane  or  curved  p r e f e r a b l y  

in to   a  concave  form.  The  area  of  the  c o a t i n g   may  be  g r e a t e r  

than  the  area  of  exposed  s u r f a c e   of  the  t ungs t en   body.  

The  c o a t i n g   has  been  d e s c r i b e d   as  a  film  but  c l e a r l y  

p a r t i c l e s   or  o ther   forms  of  m a t e r i a l   can  be  used  to  make  t h e  

c o a t i n g .   For  example  the  p a r t i c l e s ,   some  40  to  50  m i c r o n  

a c r o s s ,   could  be  pressed   into  the  su r face   of  a  green  t u n g s t e n  



compact  and  s i n t e r e d .   The  su r f ace   is  then  impregnated   with  an 

a c t i v a t o r ,   e .g .   t u n g s t e n / b a r i u m   a l u m i n a t e ,   and  may  be  p o l i s h e d  

if   d e s i r e d .  

M a t e r i a l s   o ther   than  osmium,  e .g .   i r i d i u m ,   r u t h e n i u m ,  

rhodium,  rhenium  and  a l l oys   of  two  or  more  of  these   f i v e  

m a t e r i a l s   are  a lso  s u i t a b l e   us ing  a p p r o p r i a t e   d e p o s i t i o n  

t e c h n i q u e s .   I n s t e a d   of  barium  calcium  a l u m i n a t e ,   o t h e r  

m a t e r i a l s   may  be  used  as  impregnant   for  the  t ungs t en   body .  

Such  m a t e r i a l s   are  d i s c l o s e d   in  U.S.  Pa tent   3 ,201,639  ( L e v i ) .  

F u r t h e r m o r e ,   i n s t e a d   of  t u n g s t e n ,   molybdenum  may  be  u s e d .  

The  t e c h n i q u e   de sc r i bed   above  permit   the  p r o d u c t i o n   o f  

ca thodes   with  emiss ion   i n c r e a s e d   by  f a c t o r s   of  2  or  3  f o r  

osmium.  T y p i c a l l y   " i s l a n d s "   of  osmium  should  enhance  output   by 

30%  to  90%  and  s t r i p e s   by  60%-140%  for  a  given  area  of  c a t h o d e .  



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

a  porous  body  of  r e f r a c t o r y   metal  s e l e c t e d   from  the  g roup  

c o n s i s t i n g   of  Tungsten  and  Molybdenum  and  a l loys   t h e r e o f ;  

a  m a t e r i a l ,   d i s p e r s e d   w i t h i n   the  body,  c o n s t i t u t e d   by  a 

mix ture   of  Barium  Oxide,  an  oxide  of  a n  a l k a l i n e   ea r th   m e t a l  

o ther   than  Barium  and  at  l e a s t   one  oxide  s e l e c t e d   from  the  g r o u p  

c o n s i s t i n g   of  Aluminium  Oxide  and  Boron  oxide;   and  a  

p r e d e t e r m i n e d   p a t t e r n   compr i s ing   a  coa t i ng   of  a  metal  s e l e c t e d  

from  the  group  c o n s i s t i n g   of  Osmium,  I r i d i u m ,   Ruthenium,  Rhodium 

and  Rhenium  and  a l l o y s   t h e r e o f   on  the  s u r f a c e   of  the  said  body 

and  exposed  s u r f a c e   of  the  body,  the  p r e d e t e r m i n e d   p a t t e r n   b e i n g  

such  t ha t   no  p o r t i o n   of  the  s u r f a c e   of  the  c o s t i n g   is  more  t h a n  

30  micron  from  the  exposed  su r f ace   of  the  body .  

2.  A  cathode  acco rd ing   to  Claim  1,  wherein  the  coa t ing   has  a 

t h i c k n e s s   in  the  range  of  0.1  to  1.0  m i c r o n s .  

3.  A  cathode  acco rd ing   to  Claim  1,  wherein   the  coa t ing   has  a  

t h i c k n e s s   in  the  range  0.2  to  0.4  m i c r o n s . .  

4.  A  cathode  acco rd ing   to  Claim  1,  2  or  3,  wherein  the  s a i d  

c o a t i n g   is  in  zones  s e p a r a t e d   by  exposed  s u r f a c e s   of  the  body,  

a d j a c e n t   zones  being  spaced  apa r t   at  a  d i s t a n c e   in  the  range  1 

to  20  m i c r o n s .  

5.  A ca thode   a c c o r d i n g   to  Claim  4,  where in   the  zones  are  i n  

the  form  of  s t r i p s   each  having  a  width  in  the  range  5  to  50 

m i c r o n s .  

6.  A  cathode  a c c o r d i n g   to  Claim  1,  2,  3  or  4,  wherein  t h e  

zones  are  in  the  form  of  s q u a r e s ,   the  s ides   of  each  of  wh ich  

have  a  l eng th   in  the  range  5  to  50  m i c r o n s .  

7.  A  cathode  acco rd ing   to  Claim  4,  5  or  6,  wherein  the  z o n e s  

are  a r ranged   r e g u l a r l y   over  the  su r face   of  the  body.  

8.  A  cathode  acco rd ing   to  Claim  4,  5  or  6,  wherein  the  zones  

are  a r ranged   i r r e g u l a r l y   over  the  su r f ace   of  the  body.  

9.  A  cathode  a cco rd ing   to  any one  of  claims  1  to  3,  wherein  t h e  

c o a t i n g   is  in  the  form  of  a  s i n g l e   convolu ted   s t r i p .  

10.  A  cathode  acco rd ing   to  Claim  9,  w h e r e i n  t h e   s t r i p   is  in  t h e  

form  of  a  s p i r a l .  



11.  A  cathode  a c c o r d i n g   to  any  p reced ing   claim  wherein  t h e  

c o a t i n g   is  in  the  form  of  a  f i l m .  

12.  A  cathode  a c c o r d i n g   to  any one  of  claims  1  to  10  w h e r e i n  

the  c o a t i n g   is  in  p a r t i c u l a t e   f o r m .  

13.  A  c a t h o d e  a c c o r d i n g   to  any  p r eced ing   c la im,   wherein  t h e  

oxide  of  an  a l k a l i n e   e a r t h   meta l   o ther   than  Barium  is  Calc ium 

O x i d e .  

14.  A  method  of  making  a  t h e r m i o n i c   cathode  compr is ing   the  s t e p  

of  forming,   on  a  porous  body  of  r e f r a c t o r y   metal  s e l e c t e d   from 

the  group  c o n s i s t i n g   of  Tungsten  and  Molybdenum  and  a l l o y s  

t h e r e o f ,   the re   being  d i s p e r s e d   w i th in   the  cathode  a  m a t e r i a l  

c o n s t i t u t e d   by  a  mix tu re   o f  Bar ium  Oxide,  an  oxide  of  an  a l k a l i  

e a r th   metal   o ther   than  Barium  and  at  l e a s t   one  oxide  s e l e c t e d  

from  the  group  c o n s i s t i n g   of  Aluminium  Oxide  and  Boron 

Oxide,  a  p rede termi .ned   p a t t e r n   c o m p r i s i n g  

a  c o a t i n g   of  a  metal   s e l e c t e d   from  the  group  c o n s i s t i n g   o f  

Osmium,  I r i d i u m ,   Ruthenium,  Rhodium  and  Rhenium  and  a l l o y s  

t h e r e o f   on  the  s u r f a c e   of  the  body,  and  exposed  sur face   of  t h e  

body,  the  p r e d e t e r m i n e d   p a t t e r n   being  such  tha t   no  po r t i on   o f  

the  su r f ace   of  the  c o a t i n g   is  more  than  30  micron  from  an 

exposed  s u r f a c e   of  the  b o d y .  

15.  A  method  a c c o r d i n g   to  Claim  14,  wherein  the  coa t ing   i s  

formed  in  the  p r e d e t e r m i n e d   p a t t e r n   by  s p u t t e r i n g   or  e v a p o r a t i n g  

through  a  mask  d e f i n i n g   the  p a t t e r n .  

16.  A  method  a c c o r d i n g   to  Claim  14,  wherein  the  coa t ing   i s  

formed  in  the  p r e d e t e r m i n e d   p a t t e r n   by  coa t ing   the  su r face   o f  

the  body  and  s e l e c t i v e l y   removing  the  coa t i ng   to  form  t h e  

p a t t e r n .  

17.  A  method  a c c o r d i n g   to  Claim  14,  wherein  the  said  body  i s  

formed  by  compact ing  and  s i n t e r i n g   powder  of  the  said  r e f r a c t o r y  

me ta l ,   the  said  c o a t i n g   is  formed  by  p r e s s i n g   p a r t i c l e s   of  t h e  

sa id   metal   in to   the  s u r f a c e   of  the  body,  and  the  said  m a t e r i a l  

is  d i s p e r s e d   w i t h i n   the  ca thode  by  i m p r e g n a t i n g   the  s u r f a c e  

t h e r e o f   with  the  sa id   m a t e r i a l .  










	bibliography
	description
	claims
	drawings
	search report

