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Cathode  structure  and  method  of  making  the  same. 

CI 

ositive  photoresist  technology  is  used  on  a  sapphire 
substrate  (7.1)  carrying  a  patterned  metallization  layer 
(11.1)  to  expose  areas  (41.3,  41.4)  of  metallization  within 
delineated  apertures  in  the  photoresist.  Into  these  apertures 
needle-shaped  triple  carbonate  particles  (50.3,  50.4)  are 
deposited  cataphoretically  normal  to  the  metallization 
areas  to  form  electron  emissive  areas.  A  further  layer  of 
photoresist  is  deposited  to  cover  these  areas  and  the  first 
layer  of  photoresist  and  exposed  through  oversize  mask  so 
as  to  leave  photoresist  as  encapsulation  material  (48.13, 
48.14)  covering  the  top  and  sides  of  the  electron  emissive 
material. 

The  encapsulated  planar  cathode  structure  is  inserted 
into  a  multibeam  cathode  ray  tube  and  heated  so  as  to 
remove  the  encapsulation  material. 



This  i n v e n t i o n   r e l a t e s   to  cathode  s t r u c t u r e s   and  methods  of  making  

them.  

Cathodes  have  been  p r epa red   for  many  years   using  the  a l k a l i n e   e a r t h  

ox ides   of  a p p r o p r i a t e   c r y s t a l   s t r u c t u r e s   to  give  e l e c t r o n   e m i s s i o n  

when  heated   to  700 -   1100°C.  The  oxides  are  very  s e n s i t i v e   to  c a t h o d e  

p o i s o n i n g   which  is  b e l i e v e d   to  c lose   off   the  f ine  porous  s t r u c t u r e  

t h a t   a ids   e l e c t r o n   emiss ion .   For  optimum  emiss ion ,   the  i n d u s t r y   u s e s  

c o n t r o l l e d   compos i t i on   mixed  CaSrBa  c a r b o n a t e s ,   (known  as  t r i p l e  

c a r b o n a t e ) .   The  c a rbona t e   breaks   down  dur ing  the  i n i t i a l   h e a t i n g   o f  

the  ca thode  in  vacuum  dur ing   the  e v a c u a t i o n   and  s e a l - o f f   of  t h e  

ca thode  ray  tube  (CRT)  or  the  vacuum  tube.   The  fo rma t ion   of  the  o x i d e  

(sometimes  termed  thermal   a c t i v a t i o n )   from  the  c a r b o n a t e ,   is  p e r f o r m e d  

while  the  excess   C02  is  being  pumped  away.  I l l u s t r a t i v e l y ,   the  o x i d e s  

are  s e n s i t i v e   to  water  vapour  which  damages  the  t r i p l e   oxide  c r y s t a l  

s t r u c t u r e s .   Hence,  the  i n d u s t r y   p r e f e r s   c a r b o n a t e   d e p o s i t i o n   p l u s  

l a t e r   d e c o m p o s i t i o n   to  the  o x i d e s .  

Normally,   the  c a r b o n a t e s   for  both  e l e c t r o n   tubes  and  cathode  ray  t u b e s  

are  sprayed  or  d i p c o a t e d   onto  the  cathode  s t r u c t u r e ,   and  an  o r g a n i c  

b inder   is  used  to  make  the  ca rbona te   p a r t i c l e s   s t i c k   to  the  c a t h o d e  

metal   s u b s t r a t e .   These  b i n d e r s   are  o f t en   based  on  p o l y m e t h a c r y l a t e   o r  

n i t r o c e l l u l o s e   and  are  chosen  because  they  leave  the  c a rbona t e   c r y s t a l  

morphology  i n t a c t   a f t e r   they  are  " b u r n e d - o f f " ,   dur ing   the  i n i t i a l  

h e a t i n g   of  the  thermal   a c t i v a t i o n   s t e p .  

A  background  r e f e r e n c e   conce rn ing   the  f o r ego ing   is:   Handbook  o f  

M a t e r i a l s   and  Techniques   for  Vacuum  Devices ,   by  W  H  Kohl,  R e i n h o l d  

P u b l i s h i n g   Corp. ,   1967.  

Very  few  i n s t a n c e s   of  p a t t e r n e d   ca thodes   have  been  r e p o r t e d   in  t h e  



background  l i t e r a t u r e .   G e n e r a l l y ,   the  des ign  of  dev ices   did  not  r e q u i r e  

i t .   Some  work  has  been  r e p o r t e d   on  a  p h o t o r e s i s t   p rocess   for  p a t t e r n i n g  

t r i p l e   c a r b o n a t e s .   This  i n c l u d e s   S t an fo rd   Research  I n s t i t u t e   Q u a r t e r l y  

Report   No.3  da ted   Nov.15,  1968,  on  Low  Temperature   Thermionic  E m i t t e r  

p r e p a r e d   for  NASA  on  c o n t r a c t   12-607,  by  D  U  Geppert  et  al  which  

d e s c r i b e s   cathode  c o a t i n g s   on  cop l ana r   diode  vacuum  dev i ce s .   The 

method  r e p o r t e d   in  the  Q u a r t e r l y   Repor t ,   No.3  p rov ides   a c c u r a t e   p a t t e r n i n g  

of  t r i p l e   c a r b o n a t e s .   The  method  uses  a  n e g a t i v e   t h in   f i lm  r e s i s t .  

Carbona te   p a r t i c l e s   are  loaded  in to   the  p h o t o r e s i s t   (up  to  75%  s o l i d s  

con ten t )   and  m i l l ed   in  a  b a l l   mi l l   to  produce  a  s l u r r y   of  a p p r o p r i a t e  

v i s c o s i t y   to  be  spin  coated  on  a  ca thode .   T y p i c a l l y ,   70%  CaSrBa 

c a r b o n a t e   c r y s t a l s   are  i n c o r p o r a t e d   into  Kodak  p h o t o r e s i s t   and  exposed  t o  

c o n v e n t i o n a l   photo  sources .   To  avoid  poor  r e s o l u t i o n ,   the  m i x t u r e s  

are  h e a v i l y   b a l l   m i l l e d .   The  t y p i c a l   image  s i ze s   of  f r a c t i o n s   of  a  m i l  

are  not  adequa te   for  p r a c t i c e   of  t h i s   i n v e n t i o n .   The  S t an fo rd   R e s e a r c h  

I n s t i t u t e   loaded  p h o t o r e s i s t   method  has  s e v e r a l   d i f f i c u l t i e s   w h i c h  

r e s t r i c t   the  a p p l i c a t i o n   of  the  t echno logy   to  f i n e r   l i m i t s .   P r a c t i c e  

of  t h i s   method  has  the  f o l l o w i n g   a t t e n d a n t   p r o b l e m s :  

(a)  d i f f i c u l t y   in  l o c a t i n g   wafer  r e g i s t r a t i o n   marks  through  opaque  

r e s i s t ;  

(b)  poor  r e s o l u t i o n   because   of  l i g h t   s c a t t e r i n g   of  s o l i d s ;  

(c)  d i f f i c u l t y   of  sp inn ing   loaded  r e s i s t s ;  

(d)  s o l i d   r e s i d u e s   l e f t   of  the  developed  a reas   need  an  unde rcoa t   o f  

pure  r e s i s t   to  avoid  ex t r aneous   emiss ion   t h e r e f r o m ;  

(e)  t h e r e   is  a  l aye r   or  r e s i d u e   of  the  r e s i s t   l ayer   between  e m i s s i o n  

l a y e r   and  meta l   o f  c a t h o d e ;  

(f)  as  the  t r i p l e   c a rbona te   is  in  the  s u r f a c e   of  the  r e s i s t ,   i t   i s  

exposed  to  c o n t a m i n a t i o n   e . g . ,   by  gases ,   caus ing   subsequen t   loss   o f  

e m i s s i o n ;  

(g)  and  the  heavy  b a l l   m i l l i n g   of  the  ca rbona te   p a r t i c l e s   n e c e s s a r y  

to  reduce  the  c r y s t a l   s i ze   in  order   to  achieve   improved  r e s o l u t i o n ,  

a d v e r s e l y   a f f e c t s   the  emiss ion   e f f i c i e n c y   ( l a rge   c a rbona t e   c r y s t a l s  

are  used  to  give  open  oxide  s t r u c t u r e s ) .  



T r i p l e   c a r b o n a t e s   of  a p p r o p r i a t e   c r y s t a l   s ize   can  be  bought  c o m m e r c i a l l y .  

Background  r e f e r e n c e   is  in  chap te r   16,  of  the  Handbook  by  W  H  Kohl 

e n t i t l e d   "Cathodes  and  H e a t e r s " .   F i l a m e n t a r y   cathode  e m i t t e r s   w h i c h  

were  coated  with  a l k a l i n e - e a r t h   c a r b o n a t e s   by  c a t a p h o r e s i s   ( c a t h o d e  

d e p o s i t i o n   by  e l e c t r o p h o r e s i s )   are  d e s c r i b e d   on  page  514  of  the  Handbook.  

The  p r i o r   a r t   p r a c t i c e   has  p rov ided   m i c r o m i n i a t u r e   p l ana r   c a t h o d e - g r i d  

s t r u c t u r e s   for  vacuum  tubes  in  which  the  p r i n c i p l e s   of  t h i s   i n v e n t i o n  

can  be  b e n e f i c i a l l y   a p p l i e d .   I l l u s t r a t i v e   of  such  s t r u c t u r e s   are  t h o s e  

d i s c l o s e d   in  US  No .4 ,138 ,622   and  EP-0039877.  

The  dev ices   r e f e r r e d   to  r e q u i r e   t r i p l e   c a rbona t e   p a t t e r n s   p r e c i s e l y   and  

c l e a r l y   d e l i n e a t e d   because  the  gr id  is  v i r t u a l l y   in  the  same  plane  and 

on  the  same  s u b s t r a t e   su r f ace   as  the  ca thode .   If  t he re   is  any  s p u r i o u s  

imprec i s e   p a t t e r n   of  c a rbona t e   d e p o s i t i o n ,   t he re   is  a  r i s k   of  anomalous  

u n c o n t r o l l e d   gr id   emiss ion   because  the  gr id   is  at  the  same  t e m p e r a t u r e  

700 -   1100°C  as  the  cathode  meta l .   The  u l t i m a t e   t e c h n o l o g i c a l   l i m i t  

of  m i c r o m i n i a t u r i z a t i o n   to  which  these   dev ices   can  be  pushed  d e p e n d s  

on  the  c r i t i c a l   p a t t e r n i n g   r e s o l u t i o n   of  the  ca rbona te   p a r t i c l e s .  

It  is  an  o b j e c t   of  t h i s   i n v e n t i o n   to  p rov ide   an  e n c a p s u l a t e d   c a t h o d e  

s t r u c t u r e   to  minimize  or  avoid  m a n u f a c t u r i n g   e n v i r o n m e n t a l   damage  o r  

p o i s o n i n g .  

It  is  ano ther   o b j e c t   of  t h i s   i n v e n t i o n   to  ob t a in   high  emiss ion   d e n s i t y  

from  a  cathode  s t r u c t u r e   by  u t i l i z i n g   l a rge   needle   c r y s t a l s   e s t a b l i s h e d  

e s s e n t i a l l y   normal  to  a  s u b s t a n t i a l l y   p l a n a r   s u r f a c e .  

The  i n v e n t i o n   is  p a r t i c u l a r l y   a p p l i c a b l e   to  m i c r o c a t h o d e s ,   and,  i n  

p a r t i c u l a r ,   to  m i c r o c a t h o d e s   for  mul t ibeam  cathode  ray  t u b e s .  



According  to  the  i n v e n t i o n ,   a  cathode  s t r u c t u r e   compr i s ing   e l e c t r o n  

emiss ive   m a t e r i a l   on  a  p a t t e r n   of  m e t a l l i z a t i o n   on  an  i n s u l a t i n g  

s u b s t r a t e   is  c h a r a c t e r i s e d   by  e n c a p s u l a t i o n   m a t e r i a l   su r round ing   t h e  

e l e c t r o n   emiss ive   m a t e r i a l .  

A  method  of  forming  a  cathode  s t r u c t u r e ,   a cco rd ing   to  t h i s   i n v e n t i o n ,  

compr ises   the  s t eps   of  e s t a b l i s h i n g   a  f i r s t   p o s i t i v e   p h o t o r e s i s t   l a y e r  

on  a  m e t a l l i z a t i o n   l a y e r   on  a  s u b s t r a t e   forming  a  d e l i n e a t e d   a p e r t u r e   i n  

the  p o s i t i v e   p h o t o r e s i s t   l aye r   to  expose  an  area  of  the  m e t a l l i z a t i o n  

l a y e r ,   d e p o s i t i n g   e l e c t r o n   emiss ive   m a t e r i a l   in  the  a p e r t u r e s ,   e s t a b l i s h -  

ing  a  second  l aye r   of  p o s i t i v e   p h o t o r e s i s t   over  the  e l e c t r o n   e m i s s i v e  

m a t e r i a l   and  the  f i r s t   l aye r   of  p h o t o r e s i s t ,   and  removing  p a r t   of  b o t h  

l a y e r s   of  p h o t o r e s i s t   to  form  a  r eg ion   of  the  two  p h o t o r e s i s t   l a y e r s  

which  e n c a p s u l a t e s   the  e l e c t r o n   emiss ive   m a t e r i a l .  

Another   method  a cco rd ing   to  t h i s   i n v e n t i o n ,   comprises   the  s teps   o f  

e s t a b l i s h i n g   a  body  of  e l e c t r o n   emiss ive   m a t e r i a l   on  an  e s s e n t i a l l y  

p l a n a r   s u r f a c e   of  a  m e t a l l i z a t i o n   l ayer   on  an  i n s u l a t i n g   s u b s t r a t e  

c h a r a c t e r i s e d   in  t h a t   the  body  comprises   an  a r r ay   of  e l onga t ed   e l e c t r o n  

pmiss ive   n e e d l e - l i k e   p a r t i c l e s   e s s e n t i a l l y   normal  t h e r e t o .  

A  ca thode   s t r u c t u r e   acco rd ing   to  t h i s   i n v e n t i o n   may  comprise  an  e l e c t r o n  

emis s ive   l a y e r   on  a  m e t a l l i z a t i o n   l aye r   having  an  e s s e n t i a l l y   p l a n a r  

s u r f a c e   on  an  i n s u l a t i n g   s u b s t r a t e   c h a r a c t e r i s e d   in  t h a t   the  l a y e r  

compr i ses   e s s e n t i a l l y   normal  to  the  m e t a l l i z a t i o n   s u r f a c e .  

G e n e r a l l y ,   in  accordance   with  an  embodiment  of  t h i s   i n v e n t i o n ,   e l e c t r o -  

p h o r e s i s   is  used  for   d e p o s i t i n g   l a rge   needle   c r y s t a l s   of  t r i p l e  

c a r b o n a t e   to  produce  good  o r i e n t a t i o n   and  good  c r y s t a l   packing  in  an  

e l e c t r o n  e m i s s i v e   l a y e r .   It   is  an  open  s t r u c t u r e   with  the  c o h e r e n t  

mass  being  th rough  the  emiss ive   l aye r   and  p rov ides   b e n e f i c i a l  

emis s ion   d e n s i t i e s .   The  method  of  an  embodiment  of  t h i s   i n v e n t i o n  

uses  a  p o s i t i v e   r e s i s t   to  produce  an  a p e r t u r e d   mask  in  the  areas   t h a t  



r e q u i r e   c a rbona te   c o a t i n g .   Large  c r y s t a l   c a rbona te   is  e l e c t r o p h o r e t i c a l l y  
coated   in to   the  r e s i s t   a p e r t u r e s   and  d r i e d .   A  second  t h i ck   layer   o f  

p o s i t i v e   r e s i s t   is  spun  over  the  f i r s t   l ayer   of  r e s i s t   and  the  f i l l e d  

a p e r t u r e .   This  t h i ck   l a y e r   is  exposed  us ing  a  l a r g e r   mask  to  leave  a  
c a rbona t e   p a t t e r n   f u l l y   e n c a p s u l a t e d   by  the  f i r s t   and  second  r e s i s t   c o a t s .  

More  p a r t i c u l a r l y ,   in  an  embodiment  of  t h i s   i n v e n t i o n ,   an  o r d i n a r y   p o s i t i v e  

p h o t o r e s i s t   is  p a t t e r n e d ,   as  in  the  manner  of  s i l i c o n   t e c h n o l o g y ,   and  

used  as  an  e l e c t r i c a l   stop  off   to  r e s t r i c t   the  area  where  c a t a p h o r e s i s  

occurs .   The  r e q u i r e m e n t s   of  t h i s   r e s i s t   are  t h a t   i t   should  be  a  good 
e l e c t r i c a l   i n s u l a t o r   and  be  proof  a g a i n s t   p i n h o l e s .   It  is  impor t an t   t h e r e  

not  be  a  conduc t ing   metal   l ayer   r i g h t   up  to  the  edge  of  the  wafer  b e c a u s e  

t h i s   is  a  high  f i e l d   s t r e s s   po in t   where  the  r e s i s t   is  t h in   and  s p u r i o u s  

c a t a p h o r e t i c   d e p o s i t i o n   occurs   out  on  the  e d g e s .  

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

I l l u s t r a t i v e l y ,   t h i s   may  be  done  by  b a l l   m i l l i n g   c a rbona t e   p a r t i c l e s ,   e . g .  
t r i p l e   c a rbona t e   p a r t i c l e s   with  a  needle   s t r u c t u r e ,   in  an  e thy l   a l c o h o l  

l i q u i d   for  s u f f i c i e n t   time  t h a t   a  s u r f a c e t c h a r g e   appears   on  the  b r o k e n  

c r y s t a l s .   This  s u r f a c e   charge  is  used  to  make  the  p a r t i c l e s   move  u n d e r  

the  i n f l u e n c e   of  the  a p p l i e d   e l e c t r i c   f i e l d   o b t a i n e d   by  v o l t a g e   a p p l i e d  

to  the  workpiece .   The  d e p o s i t   f i l l s   the  a p e r t u r e s   in  the  r e s i s t ,   and  o f  

n e c e s s i t y   the  p h o t o r e s i s t   is  an  a p p r o p r i a t e   e l e c t r i c a l   i n s u l a t o r .   A  b e n e f i c i a l  

r e s o l u t i o n   is  o b t a i n e d   because  the  p a r t i c l e s   are  s t a n d i n g   on  end  and  

the  c r o s s - s e c t i o n   which  occup ies   an  area  of  the  su r f ace   is  of  much 

sma l l e r   s e c t i o n   than  the  l o n g i t u d i n a l   s e c t i o n .   T h e r e f o r e ,   t h e  

r e s o l u t i o n   wi l l   be  mugh  h igher   for  e q u i v a l e n t   s ize   p a r t i c l e s .  

Thus,  t h e r e   is  accompl i shed   in  the  p r a c t i c e   of  t h i s   i n v e n t i o n   c a t a p h o r e t i c  

c o a t i n g   in to   an  a p e r t u r e   in  a  mask  where  the  mask  is  now  s u b j e c t   t o  

the  p h o t o l i t h o g r a p h y   l i m i t s   of  an  o r d i n a r y   t r a n s p a r e n t   f i lm,   r a t h e r   t h a n  



a  c a rbona t e   loaded  f i lm  of  the  p r i o r   a r t .   This  y i e l d   g ives   s i g n i f i c a n t l y  

b e t t e r   r e s o l u t i o n   than  with  a  loaded  p h o t o r e s i s t .   The  t r i p l e   c a r b o n a t e  

p a r t i c l e s   come  in  end  on  in to   the  a p e r t u r e   as  needle   s t r u c t u r e s   wh ich  

are  e s s e n t i a l l y   normal  to  a  p l ana r   s u r f a c e .   The  cathode  s t r u c t u r e   w i t h  

the  e l e c t r o n   emiss ive   l aye r   is  ob t a ined   in  s i t u   in  the  vacuum  tube  by  

h e a t i n g   the  e n c a p s u l a t e d   p a t t e r n   t h e r e i n .  

A  m u l t i p l e   e l e c t r o n   beam  ca thode   ray  tube  for  which  a  c a t h o d e  

s t r u c t u r e   a cco rd ing   to  the  i n v e n t i o n   is  p a r t i c u l a r l y   s u i t a b l e ,   has  a  

p l u r a l i t y   of  ca thodes   in  a  p lane  p o s i t i o n e d   on  one  s ide  of  a  s u b s t r a t e  

to  form  an  a r r ay .   An  advan tageous   embodiment  t h e r e o f   is  d i s c l o s e d   i n  

EP-0039877 .  

Grids  in  the  same  p l ane ,   i . e .   on  the  su r f ace   of  the  same  s u b s t r a t e ,   a r e  

p o s i t i o n e d   in  spaced  r e l a t i o n   about  the  ca thodes .   A  h e a t e r   is  a s s o c i a t e d  

with  the  s u b s t r a t e   for  h e a t i n g   the  ca thodes .   The  r e s u l t a n t   u n i t a r y  

s t r u c t u r e   is  m e c h a n i c a l l y   s t a b l e   and  o p e r a t i v e   with  small  g r i d - t o - c a t h o d e  

v o l t a g e s ,   for  example,   l e s s   than  35  v o l t s ,   and  n e g l i g i b l e   g r id   c u r r e n t s  

so  t h a t   a  p l u r a l i t y   of  i n d i v i d u a l l y   c o n t r o l l e d   e l e c t r o n   beams  are  formed 

when  a p p r o p r i a t e   p o t e n t i a l s   are  a p p l i e d   to  the  ca thodes   and  g r i d s .   The 

s t r u c t u r e   can  be  b a t c h - f a b r i c a t e d   with  p h o t o l i t h o g r a p h y   to  d e f i n e  

a c c u r a t e l y   the  d i s t a n c e   between  the  cathode  and  the  gr id   as  well  as  t h e  

s ize   of  the  ca thode .   The  e l e c t r o n   emiss ive   l a y e r s   of  the  ca thodes   of  a  

mul t ibeam  CRT  may  be  o b t a i n e d   in  accordance   with  t h i s   i n v e n t i o n .  

The  scope  of  the  i n v e n t i o n   is  de f ined   by  the  appended  c la ims;   and  how 

i t   can  be  c a r r i e d   in to   e f f e c t   is  h e r e i n a f t e r   p a r t i c u l a r l y   d e s c r i b e d  

with  r e f e r e n c e   to  the  accompanying  drawings ,   in  which  : -  

FIGS.  1.1  to  1.5  i l l u s t r a t e   the  s t eps   of  a  p r i o r   a r t   method  of  f o r m i n g  

an  e l e c t r o n   emiss ive   s u r f a c e ;  

FIGS.  2.1  to  2.6  i l l u s t r a t e   the  s t eps   invo lved   in  one  example  of  a  



of  a  method  a cco rd ing   to  t h i s   i n v e n t i o n ;  

FIG.  3  i l l u s t r a t e s   a  m u l t i p l e   e l e c t r o n   beam  cathode  ray  tube  for  wh ich  

a  cathode  s t r u c t u r e   a cco rd ing   to  t h i s   i n v e n t i o n   is  p a r t i c u l a r l y  

s u i t a b l e ;  

FIG.  4  is  a  f r agmen ta ry   c r o s s - s e c t i o n a l   view  showing  a  u n i t a r y   gr id   and 

cathode  a r ray   s t r u c t u r e   a cco rd ing   to  t h i s   i n v e n t i o n   in  the  cathode  r a y  
tube  of  F i g . 3 ;  

FIG.  5  is  a  plan  view  of  a  wafer  s u b s t r a t e   dur ing   the  p r e p a r a t i o n   of  a  

m u l t i - c a t h o d e   s t r u c t u r e   acco rd ing   to  the  i n v e n t i o n ;  

FIG.  6  is  a  s e c t i o n a l   view  on  the  l i ne   VI-VI  of  F i g . 5 ;  

FIG.  7  is  a  view  s i m i l a r   to  F ig .5   at  a  l a t e r   s tage   in  the  p r e p a r a t i o n ,  

with  two  l a y e r s   broken  away  for  c l a r i t y ;   and 

FIG.  8  is  a  s e c t i o n a l   view  on  the  l ine   V I I I - V I I I   of  F ig .7   upon  c o m p l e t i o n  

of  the  p r e p a r a t i o n .  

In  the  f i r s t   s tep  1  of  the  p r i o r   a r t   method  i l l u s t r a t e d   in  F i g . 1 . 1 ,   a  

m e t a l l i z a t i o n   l aye r   10  is  d e p o s i t e d   on  and  suppor ted   by  a  s u b s t r a t e   14 

at  i n t e r f a c e   15  and  has  an  ou te r   su r f ace   12.  A  very  t h in   l aye r   16  o f  

pure  n e g a t i v e   p h o t o r e s i s t   is  e s t a b l i s h e d   in  s tep  2  ( F i g . l . 2 )   on  s u r f a c e  

12  of  l aye r   10  and  has  an  ou te r   su r f ace   18.  In  s tep  3  ( F i g . l . 3 ) ,   a  

l a y e r   20  of  t r i p l e   c a r b o n a t e   loaded  n e g a t i v e   p h o t o r e s i s t   is  e s t a b l i s h e d  

on  s u r f a c e   18  of  l ayer   16  and  has  an  ou te r   su r f ace   22.  R e s i s t   l aye r   20 

is  exposed  to  a  s e l e c t e d   p a t t e r n   via  a  l i g h t   mask  (not  shown)  i n  

s tep  4  ( F i g . l . 4 )   l e av ing   a  developed  p a t t e r n   24  in  the  combined  r e s i d u e  

of  th in   l aye r   16  and  t r i p l e   c a rbona te   loaded  p h o t o r e s i s t   22  c o m p r i s i n g  

r e s i s t   24.1  and  c a r b o n a t e   p a r t i c l e s   24.2.  The  bounda r i e s   of  p a t t e r n  



24  are  i t s   upper  s u r f a c e   26,  l e f t   boundary  28.1  and  r i g h t   b o u n d a r y  

28.2.   F i n a l l y ,   in  s tep  5  ( F i g . 1 . 5 ) ,   the  r e s i s t   24.1  is  "burnt   o f f "  

by  h e a t i n g   p r i o r   to  or  c o n c u r r e n t   with  the  ca rbona te   breakdown  t h a t  

g ives   the  r e q u i r e d   CaSrBa  oxide  p a t t e r n   30  on  s u b s t r a t e   10.  If  t h e  

h e a t i n g   is  slow,  the  r e s i s t   tends   to  melt  and  spread,   s p o i l i n g   t h e  

d e f i n i t i o n   of  the  p a t t e r n .   If  the  h e a t i n g   is  f a s t ,   the  r e s i s t  

v a p o r i s e s   and  gives  r i s e   to  poor  adherence   of  the  oxide  p a t t e r n .  

In  the  f i r s t   s tep  1  of  an  exemplary  method  acco rd ing   to  t h i s   i n v e n t i o n  

i l l u s t r a t e d   in  F i g . 2 . l ,   which  s tep  is  s i m i l a r   to  t h a t   of  F i g . l . l ,   a  

ca thode   s u b s t r a t e   7  s u p p o r t s ,   at  i n t e r f a c e   9,  a  m e t a l l i z a t i o n   l aye r   11 

with  upper  su r f ace   13.  As  an  example,  a  s apph i r e   wafer  is  e v a p o r a t e d  

with  m e t a l l i z a t i o n   t u n g s t e n   400nm  and  t i t a n i u m   100nm.  A  p o s i t i v e   p h o t o -  

r e s i s t   l a y e r   is  d e p o s i t e d   on  the  s u r f a c e   13,  and,  in  s tep  2,  ( F i g . 2 . 2 )  

th rough  p o s i t i v e   p h o t o r e s i s t   t e c h n o l o g y   by  expos ing   and  d e v e l o p i n g  

p h o t o r e s i s t ,   a p e r t u r e   40  is  e s t a b l i s h e d   in  l ayer   42  l e a v i n g   r e s i s t  

segment  42.1  on  the  l e f t   and  r e s i s t   segment  42.2  on  the  r i g h t .  

A p e r t u r e   40  d e f i n e s   a  segment  41  of  the  m e t a l l i z a t i o n   l a y e r   11.  The 

p h o t o r e s i s t   is  i n s u l a t i n g   and  novalac   r e s i n s   are  s u i t a b l e .  

In  s tep  3  ( F i g . 2 . 3 ) ,   a  p a t t e r n   44  of  e l e c t r o n   emiss ive   m a t e r i a l   CaSrBa 

c a r b o n a t e   is  c a t a p h o r e t i c a l l y   d e p o s i t e d   in  a p e r t u r e   44.  The  m a t e r i a l  

is  comprised  of  e l o n g a t e d   p a r t i c l e s   in  the  form  of  n e e d l e - l i k e  

s t r u c t u r e s .   A  s u b s t a n t i a l   p r o p o r t i o n   of  the  c a r b o n a t e   need les   4 4 . 1  

is  a l i g n e d   e s s e n t i a l l y   p e r p e n d i c u l a r   to  m e t a l l i z a t i o n   segment  41.  As 

d e s c r i b e d   below,  barium  formate   s o l u t i o n   44.2  is  added  and  the  s o l v e n t  

d r i v e n   off   to  improve  adhes ion   of  the  need les   to  the  m e t a l l i z a t i o n   l a y e r .  

A  t h i c k   capping  l aye r   46  of  p o s i t i v e   r e s i s t   is  e s t a b l i s h e d   in  s tep  4 

(F ig .2 .4 )   over  c a r b o n a t e   p a t t e r n   44  and  a l so   over  the  a d j a c e n t   p h o t o -  

r e s i s t   segments  42.1  and  42.2.   T h e r e a f t e r ,   in  s tep  5  ( F i g . 2 . 5 ) ,   b o t h  

p o s i t i v e   p h o t o r e s i s t   l a y e r s   46  and  42  are  exposed  and  d e v e l o p e d  



through  use  of  a  l a r g e r   a p e r t u r e   l i g h t   mask  than  for  s tep  2,  l e a v i n g  

a  p e d e s t a l   48  compr i s ing   side  e n c a p s u l a t i o n   48.1  o r i g i n a l l y   p a r t   o f  

segment  42.1,   s ide  e n c a p s u l a t i o n   48.2  o r i g i n a l l y   p a r t   of  segment  4 2 . 2 ,  

p h o t o r e s i s t   48.3  o r i g i n a l l y   pa r t   of  layer   46  and  c a rbona t e   p a t t e r n   44 .  

F i n a l l y ,   in  s tep  6  ( F i g . 2 . 6 ) ,   the  p h o t o r e s i s t   of  p e d e s t a l   48  i s  

"burnt   off"  dur ing   ca rbona te   decompos i t i on   l eav ing   the  r e q u i r e d  

CaSrBa  o r i e n t e d   oxide  p a t t e r n   50.  Between  s teps   5  and  6,  the  s u b s t r a t e  

7  with  the  p e d e s t a l - e n c a p s u l a t e d   c a rbona t e   p a t t e r n   may  be  i n s e r t e d  

in to   a  vacuum  tube  as  a  c a t h o d e .  

The  method  d e s c r i b e d   in  r e l a t i o n   to  F igs .   2.1  to  2.6  has  the  f o l l o w i n g  

a d v a n t a g e s :  

1  Res idua l   s ed imented ,   or  n o n c a t a p h o r e t i c a l l y   c o a t e d  

c a r b o n a t e ,   is  removed  dur ing   f i n a l   r e s i s t   d e v e l o p m e n t  

except   for  the  i n t e r f a c e   area  A. 

2  Because  of  g r e a t e r   p h o t o l i t h o g r a p h i c   accuracy ,   c a t h o d e  

shape  is  b e t t e r   d e l i n e a t e d   by  use  of  unloaded  p o s i t i v e  

p h o t o r e s i s t   and  e l e c t r o p h o r e s i s   p roces s   than  by  use  o f  

a  loaded  r e s i s t   t e c h n o l o g y ,   as  d e s c r i b e d   in  r e l a t i o n   t o  

F igs .   1.1  to  1 . 5 .  

3  Because  ca thode  coa t ing   50  is  in  c o n t a c t   with  s u b s t r a t e  

me ta l ,   t he re   is  b e t t e r   adhes ion ,   and  e v e n t u a l l y   a f t e r  

the rmal   a c t i v a t i o n   b e t t e r   e l e c t r i c a l   c o n t a c t   of  the  s e m i -  

c o n d u c t i n g   CaSrBa  oxide  c r y s t a l s .  

4  Larger   c r y s t a l s   44.1  give  b e t t e r   emiss ion   than  the  p a r t i c l e s  

o b t a i n e d   by  the  method  d e s c r i b e d   in  r e l a t i o n   to  F i g s . l . l   t o  

1.5,   because  heavy  b a l l   m i l l i n g   is  not  r e q u i r e d   for  p h o t o -  

r e s o l u t i o n .  



5  Or i en t ed   c r y s t a l s   44.1  give  b e t t e r   emiss ion ,   s t r u c t u r e ,  

open  p a c k a g i n g ,   and  c r y s t a l l i t e s   from  top  to  bottom  o f  

emiss ive   l a y e r ,  w i t h   a t t e n d a n t   s h a p e / f i e l d   enhancemen t .  

6  Because  p h o t o r e s i s t   b inder   48.3  is  on  top  of  p a t t e r n   4 4 ,  

b e t t e r   adhes ion   is  o b t a i n e d  t o   l ayer   11  dur ing   b reakdown.  

7  Con tamina t ion   is  avoided  dur ing   i n c l u s i o n   in  the  vacuum 

tube  because   of  the  e n c a p s u l a t i o n   p e d e s t a l   48.  

8  E n c a p s u l a t e d   ca thode   m a t e r i a l   a l lows  more  rugged  hand l ing   o f  

the  ca thode  s t r u c t u r e .   This  a l lows  or  helps   s u b s e q u e n t  

wafer  o p e r a t i o n s   a f t e r   c a rbona t e   c o a t i n g   such  as,  w e l d i n g ,  

s c r i b i n g ,   and  d i c i n g .  

A  ca thode   made  in  accordance   with  the  i n v e n t i o n   may  be  u s e d  

a d v a n t a g e o u s l y   in  a  m u l t i p l e   e l e c t r o n   beam  cathode  ray  tube  60 

( F i g . 3 ) .   The  tube  60  has  an  envelope  62.  f l u o r e s c e n t   screen   6 4 ,  

means  66  for  a c c e l e r a t i n g ,   f o c u s s i n g   and  d e f l e c t i n g   e l e c t r o n   beams,  

and  a  u n i t a r y   s t r u c t u r e   68  (Fig.4)   which  is  s i t u a t e d   in  the  n e c k  

p o r t i o n   of  envelope  62.  As  s c h e m a t i c a l l y   i l l u s t r a t e d ,   the  u n i t a r y  

s t r u c t u r e   68  is  connected   to  a  source  70  of  e l e c t r i c a l   inpu t   s i g n a l s  

by  a  p l u r a l i t y   of  wires   in  bundles   72  and  74.  

The  u n i t a r y   s t r u c t u r e   68  (Fig.4)   has  a  s u b s t r a t e   76  of  a  h i g h  

t e m p e r a t u r e   i n s u l a t o r ,   such  as  s a p p h i r e ,   with  good  thermal   c o n d u c t i v i t y .  

On  the  back  s u r f a c e   of  the  s u b s t r a t e   76  is  a  th in   f i lm  h e a t e r   78  made 

from  a  r e s i s t i v e ,   r e f r a c t o r y   meta l ,   such  as  t u n g s t e n   or  molybdenum. 

P o s i t i o n e d   on  the  f r o n t   s u r f a c e   of  the  s u b s t r a t e   76  is  an  a r r ay   o f  

ca thodes   80A,  80B  and  80C,  t h a t   are  sur rounded   by  modula t ing   g r i d s  

82A,  82B  and  82C,  t h a t   are  su r rounded   by  modu la t ing   g r ids   82A,  82B 

and  82C,  r e s p e c t i v e l y .   The  a r r a y s   of  ca thodes   80A  to  80C and  g r i d s  

82A  to  82C  are  on  the  same  s u r f a c e   which  is  in  a  s i n g l e   p l a n e .  



The  ca thodes   and  the  g r ids   need  to  be  on  the  same  su r f ace   but  i t   i s  

not  e s s e n t i a l   t h a t   the  s u r f a c e   be  p l a n a r .   The  ca thodes   could  be  

r e c e s s e d   with  r e s p e c t   to  the  g r i d s .   A  wire  73  from  the  bundle  72 

goes  from  the  source  70  to  one  end  of  the  h e a t e r   78  and  a  wire  75 

from  the  bundle  74  goes  from  the  o ther   end  of  the  h e a t e r   78  to  t h e  

source  70 .  

The  o ther   wires   from  bundles   72  and  74  which  go  to  the  ca thodes   and  

to  the  g r ids   are  not  shown. 

The  u n i t a r y   s t r u c t u r e   68  can  be  b a t c h - f a b r i c a t e d   with  p h o t o l i t h o g r a p h i c  

p roces s   s t e p s .   I l l u s t r a t i v e l y ,   the  ca thodes   80A  to  80C  are  d e p o s i t e d  

on  the  f r o n t   s u r f a c e   of  s u b s t r a t e   78  as  a  t h in   f i lm  of  molybdenum, 

t u n g s t e n ,   p l a t i num  or  o ther   s u i t a b l e   r e f r a c t o r y   m a t e r i a l   and  t h e n  

de f i ned   by  c o n v e n t i o n a l   p h o t o l i t h o g r a p h i c   t e c h n i q u e s .   The  cathode  a r e a s  

are  then  made  e l e c t r o n - e m i t t i n g   by  d e l i n e a t i n g   a  mix ture   of  p h o t o r e s i s t  

and  c a r b o n a t e s   of  s t r o n t i u m ,   barium  and  ca lc ium  in  those  r eg ions   i n  

accordance   with  t h i s   i n v e n t i o n .   When  the  s u b s t r a t e   is  hea ted   in  a  

vacuum  to  a  t e m p e r a t u r e   of  a p p r o x i m a t e l y   1000°C,  the  p h o t o r e s i s t  

v o l a t i l i z e s   at  about  500°C  l e a v i n g   the  ca thodes   e l e c t r o n   e m i t t i n g   and  

capable   of  being  a c t i v a t e d   in  the  usual   manner  by  app ly ing   t h e  

a p p r o p r i a t e   v o l t a g e .   This  b a t c h - f a b r i c a t i o n   method  is  capable   of  v e r y  
f ine   d imens iona l   c o n t r o l   p r o v i d i n g   the  c a p a b i l i t y   of  making  c a t h o d e  

and  g r id   l i n e s   as  small   as  10  microns  in  w i d t h .  

In  o p e r a t i o n ,   the  t h in   f i lm  h e a t e r   78  hea t s   the  s u b s t r a t e   76  to  a  

t e m p e r a t u r e   of  the  order   of  700°C  so  t h a t   s u f f i c i e n t   e l e c t r o n   e m i s s i o n  

t akes   p l ace .   The  ca thodes   are  then  i n d i v i d u a l l y   b ia sed   with  r e s p e c t  

to  the  g r id s   to  e i t h e r   cut  off  or  turn   on.  A l t e r n a t i v e l y ,   a d j a c e n t  

gr id   e l e c t r o d e s ,   for  example,  82B  and  82C,  may  be  r e p l a c e d   by  a  s i n g l e  

gr id   e l e c t r o d e .  



FIGS.  5,  6 ,  7   and  8  i l l u s t r a t e   a  method  of  o b t a i n i n g   s e v e r a l   c a t h o d e s  

commonly  connected   e l e c t r i c a l l y   dur ing   the  c a t a p h o r e s i s   of  the  t r i p l e  

c a r b o n a t e .   For  mass  p r o d u c t i o n ,   the  c o n v e n t i o n a l   i n t e g r a t e d   c i r c u i t  

wafer  chip  approaches   of  s i l i c o n   are  u t i l i z e d .   The  e l e c t r i c a l   c i r c u i t s  

which  comprise   the  ca thodes   must  be  e l e c t r i c a l l y   i s o l a t e d   from  t h e  

g r i d s   for   device   o p e r a t i o n .   However,  in  order   to  perform  c a t a p h o r e t i c  

c o a t i n g ,   a l l   the  ca thodes   on  the  chip  should  be  e l e c t r i c a l l y   c o n n e c t e d  

in  common.  Otherwise   i n d i v i d u a l   c o n t a c t i n g   of  each  cathode  is  r e q u i r e d  

on  o p p o s i t e   edges  of  the  chip.   There  can  be  ob t a ined   a  g r id   c o n n e c t i o n  

from  one  chip  to  the  c a t h o d e  p a d   on  the  next  chip  which  occurs   b e t w e e n  

every  p a i r   of  chips  on  the  wafer .   Thus,  the  a d j a c e n t   chips  are  u s e d  

to  p rov ide   the  e l e c t r i c a l   connec t i on   mechanism,  for  commoning  up  a l l  

the  ca thodes   on  one  chip.   When  the  chips  are  s e p a r a t e d ,   the  c o n n e c t i o n s  

t h a t   go  from  a  ca thode  pad  to  the  a d j a c e n t   gr id   are  broken,   t h e r e b y  

p r o v i d i n g   the  i s o l a t i o n   which  is  n e c e s s a r y   for   each  cathode  from  e a c h  

g r id   in  the  use  of  the  dev ice   as  a  cathode  ray  t u b e .  

On  a  c i r c u l a r   s a p p h i r e   wafer  s u b s t r a t e   7.1  ( F i g . 6 ) ,   a  m e t a l l i z a t i o n   l a y e r  

11.1  is  d e p o s i t e d   with  i t s   p e r i p h e r y   spaced  by  a  d i s t a n c e   D  from  t h e  

p e r i p h e r y   17  of  the  wafer .   A  p a t t e r n   of  the  l aye r   11.1  a d j a c e n t   t h e  

ca thode   s i t e s   is  removed.  A  p o s i t i v e   p h o t o r e s i s t   l aye r   42.3  i s  

d e p o s i t e d   on  the  l aye r   11.1  and  s u b s t r a t e   7.1,   and,  by  exposure   and  

deve lopment ,   a p e r t u r e s   40.1,   40.2 ,   40.3  and  40.4  are  formed  in  t h e  

l a y e r   42.3.   E l e c t r o n   emiss ion   l a y e r s   50.1,   50.2,   50.3  and  50.4  i n  

the  form  of  n e e d l e - l i k e   p a r t i c l e s   of  c a rbona te   are  c a t a p h o r e t i c a l l y  

d e p o s i t e d   in  the  a p e r t u r e s   40.1,   40.2 ,   40.3  and  40.4,   r e s p e c t i v e l y ,  

upon  exposed  a reas   41.1,   41.2,   41.3  and  41.4  of  the  m e t a l l i z a t i o n  

l a y e r   11.1.   When  c a t a p h o r e s i s   occur s ,   by  having  the  m e t a l l i z a t i o n   1 1 . 1  

spaced  from  the  edge  of  the  s u b s t r a t e   7.1  with  r e s i s t   42.3  over  t h e  

e n t i r e   s u r f a c e ,   t h e r e   is  no  sharp  edge  to  gain  and  i n t e n s i f y   t h e  

e l e c t r i c   f i e l d .   T h e r e f o r e ,   the  e l e c t r i c   f i e l d   is  uniform  over  t h e  

ca thode   a reas   40.1  to  40.4  and  the  p rocess   of  d e p o s i t i n g   the  e l e c t r o n  



emiss ive   l aye r s   can  be  q u a n t i f i e d   both  as  to  time  and  c u r r e n t .  

The  shapes  of  the  p a t t e r n   of  m e t a l l i z a t i o n   l ayer   11.1  removed  are  s u c h  

as  to  a lmost   surround  each  cathode  area  l e a v i n g   a  narrow  c o n n e c t i n g  

s t r i p   of  m e t a l l i z a t i o n .   Thus  when  the  r e s i s t   42.3  is  d e p o s i t e d ,   moa t s  

53.1  to  53.4  (Fig.7)  are  formed  around  emiss ion   l a y e r s   50.1  to  5 0 . 4  

and  leads   51.1  to  51.4,   r e s p e c t i v l e y .  

A  f u r t h e r   l aye r   46.1  of  p o s i t i v e   p h o t o r e s i s t   is  e s t a b l i s h e d   over  t h e  

r e s i s t  l a y e r   42.3  and  over  the  emiss ive   l a y e r s   50.1  to  50.4.  Both  

l a y e r s   42.3  and  46.1  are  exposed  and  developed  through  the  use  of  a  

l a r g e r   a p e r t u r e   l i g h t   mask,  l e av ing   p e d e s t a l s   48.11  to  4 8 . 1 4  

e n c a p s u l a t i n g   the  top  and  s ides   of  the  emiss ive   l aye r s   50.1  to  5 0 . 4 ,  

r e s p e c t i v l e y .  

U l t ima te   chip  55  (Fig.7)   is  de f ined   by  b o u n d a r i e s   55.1  to  5 5 . 4 .  

Remaining  exposed  m e t a l l i z a t i o n   57  serves   as  a  gr id   for  the  c a t h o d e s .  

Although  shown  connec t ed ,   i t   may  also  be  p a r t i t i o n e d   in to   s e p a r a t e  

g r id s   as  d i s c u s s e d   h e r e i n b e f o r e .   Af te r   p r e p a r a t i o n ,   the  u l t i m a t e  

chip  55  is  severed   along  bounda r i e s   55.1  to  55.4  from  the  r e m a i n d e r  

of  s u b s t r a t e   7.1  and  m e t a l l i z a t i o n   11.1.   Each  of  the  four  c a t h o d e  

r e g i o n s   50.1  to  50.4  has  a  conduc tor   lead  51.1  to  51.4  to  the  edge  o f  

the  chip.   Each  cathode  and  lead  on  the  chip  55  is  su r rounded   by  a  

nonconduc t ive   r e g i o n ,   e .g .   ca thode  50.1  and  lead  51.1  is  s u r r o u n d e d  

by  a  nonconduc t ive   reg ion   or  moat  53.1.   Once  the  u l t i m a t e   chip  55 

is  severed   along  bounda r i e s   from  the  r emainder   of  s u b s t r a t e   7.1  and  

m e t a l l i z a t i o n   11.1,   the  p roduc t   is  i n s e r t e d   in  a  cathode  ray  t u b e .  

The  r e q u i r e m e n t s   of  the  tube  de te rmine   the  number  of  ca thodes   on  t h e  

chip  or  the  number  of  c h i p s .  

The  chips  may  be  used  in  a  cathode  ray  tube  such  as  d i s c l o s e d   in  EP- 

0039877,  in  which  e l e c t r o d e s   on  the  su r f ace   of  the  s u b s t r a t e   a r e  



connec ted   to  bonding  pads  r e s p e c t i v e l y .   This  pe rmi t s   each  one  of  t h e  

e l e c t r o d e s   to  be  i n d i v i d u a l l y   c o n t r o l l e d .   The  g r ids   are  a l l   c o n n e c t e d  

to  the  gr id   bonding  pad  t he r eby   r e s u l t i n g   in  a  p o t e n t i a l   to  the  g r i d  

which  is  c o n s t a n t .   Another  mult ibeam  CRT  embodiment  with  which  t h i s  

i n v e n t i o n   may  be  p r a c t i s e d   has  the  g r id s   i n d i v i d u a l l y   connected   t o  

s e p a r a t e   bonding  pads  so  t h a t   the  p o t e n t i a l   to  each  gr id   can  be  

i n d i v i d u a l l y   c o n t r o l l e d .   The  p o t e n t i a l s   may  be  i n d i v i d u a l l y   m o d u l a t e d  

between  each  cathode  and  the  gr id   immedia te ly   su r round ing   t h a t   c a t h o d e .  

This  may  be  done  by  m a i n t a i n i n g   the  gr id  c o n s t a n t   and  i n d i v i d u a l l y  

c o n t r o l l i n g   the  ca thode  p o t e n t i a l s ,   by  m a i n t a i n i n g   the  cathode  p o t e n t i a l  

c o n s t a n t   a n d  i n d i v i d u a l l y   va ry ing   the  g r i d s ,   or  by  i n d i v i d u a l l y  

c o n t r o l l i n g   the  p o t e n t i a l   of  each  cathode  and  the  p o t e n t i a l   of  each  g r i d .  

The  c o n f i g u r a t i o n   of  each  p l a n a r   gr id   for  each  cathode  may  be  in  t h e  

shape  of  a  C  t h a t   su r rounds   a  c i r c u l a r   ca thode .   Another  geometry  o f  

a  g r i d - c a t h o d e   de s ign ,   one  of  which  ca thodes   are  in  the  form  of  a  c r o s s  

and  a  p l a n a r   g r id   su r rounds   a  p l u r a l i t y   of  c a t h o d e s .  

The  geometry  of  a  mul t ibeam  CRT  d e s c r i b e d   he r e inabove   and  i l l u s t r a t e d  

by  the  drawings  and  the  method  of  f a b r i c a t i o n   t h e r e o f   have  a  number  o f  

a d v a n t a g e s .   The  use  of  p h o t o l i t h o g r a p h y   d e f i n e s   the  c r i t i c a l  

d imens ions   between  the  cathode  and  for  f a b r i c a t i o n   of  ca thodes   and  g r i d s  

of  a  mul t ibeam  CRT  for   the  p r a c t i c e   of  t h i s   i n v e n t i o n   the  g r ids   wh ich  

de te rmine   the  e l e c t r o n   gain  as  well   as  p r o v i d i n g   high  r e s o l u t i o n  

c a t h o d e s .   The  small   g r i d - c a t h o d e   spac ing   a c h i e v a b l e   with  p h o t o -  

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

v o l t a g e s .   The  cop lana r   g r id   p r o v i d e s   a  rugged  c o n s t r u c t i o n   with  no 

m i c r o p h o n i c s  a n d   with  very  l i t t l e   i f   any  gr id   c u r r e n t .   The  c a t h o d e /  

g r id   and  h e a t e r s   are  f a b r i c a t e d   as  one  i n t e g r a t e d   assembly  which  is  a  

m e c h a n i c a l l y   s t a b l e   s t r u c t u r e .   In  a d d i t i o n ,   the  use  of  p h o t o -  

l i t h o g r a p h y   a l lows  many  c a t h o d e - g r i d   a r r a y s   to  be  f a b r i c a t e d   at  t h e  

same  time  t he r eby   r e s u l t i n g   in  a  s u b s t a n t i a l l y   lower  cost   per  u n i t .  



The  use  of  p o s i t i v e   p h o t o r e s i s t   in  a  p rocess   acco rd ing   to  t h e  

i n v e n t i o n ,   enab les   the  undeveloped  p o r t i o n s   of  the  p h o t o r e s i s t  

l aye r   (for  example  42.1  and  42.2)  to  be  l a t e r   exposed  and  

developed  to  leave  pa r t   of  the  m e t a l l i z a t i o n   l ayer   u n c o v e r e d .  

C a t o p h o r e s i s   is  a  p a r t i c u l a r   form  of  e l e c t r o p h o r e s i s .   S u s p e n s i o n s  

for  e l e c t r o p h o r e s i s   in  t h i s   i n v e n t i o n   may  be  p r epa red   in  many  ways .  

The  e s s e n t i a l   f e a t u r e   is  to  geel'a  charge  onto  the  su r f ace   of  t h e  

p a r t i c l e .   This  is  u s u a l l y   achieved  by  b a l l   m i l l i n g   the  t r i p l e  

c a r b o n a t e   in  a  s o l v e n t   of  low  e l e c t r i c a l   c o n d u c t i v i t y   in  the  p r e s e n c e  

of  a  s l i g h t   amount  of  f r e e l y   i on ized   a d d i t i v e .   As  the  c r y s t a l s   b r e a k  

due  to  m i l l i n g ,   the  h igh ly   r e a c t i v e   f r e sh   breakage  s u r f a c e   c r e a t e d  

absorbs   the  ions .   This  g ives   a  charged  p a r t i c l e   capable   of  b e i n g  

moved  and  d e p o s i t e d   by  e l e c t r o p h o r e s i s .   A  r e c i p e   for  an  e l e c t r o p h o r e t i c  

cathode  c a r b o n a t e   su spens ion   w i l l   now  be  d e s c r i b e d .  

Pour  200  to  2 5 0  m i l l i l i t r e s   of  80%  e thy l   a l coho l   and  20%  m e t h y l  

a l c o h o l   in to   a  o n e - p i n t   p o r c e l a i n   mixing  jar   and  add  a  b a l l   charge  o f  

30  to  38  grammes  (9  to  11  b a l l s ) .   Add  the  10  to  15  grammes  o f  

c o a t i n g   p r e c i p i t a t e ,   sea l   the  j a r   and  p lace   in to   mixing  e q u i p m e n t  

for  24  hours  to  48  hours  at  67  r . p .m .   Remove  the  m i x i n g  j a r   f rom 

the  mixing  equipment .   The  c o a t i n g   p r e c i p i t a t e   is  l e f t   in  s u s p e n s i o n  

with  the  i n d u s t r i a l   s p i r i t   i n s i d e   t h i s   ja r   and  is  shaken  up  b e f o r e  

use.  The  q u a n t i t i e s   r e f e r r e d   to  w i l l   y i e l d   a p p r o x i m a t e l y   50  grammes 

of  c o a t i n g   p r e c i p i t a t e .  

The  ions  may  be  s u p p l i e d   by  t h e  l i m i t e d   s o l u b i l i t y   of  the  c a r b o n a t e  

p r e c i p i t a t e   in  the  nonconduc t ing   s o l v e n t .   Pure  d e m i n e r a l i z e d  

d i s t i l l e d   wa te r ,   methyl  e thy l   a l c o h o l s   or  o rgan ic   e s t e r e   can  be  

used  as  i n s u l a t i n g   d i s p e r s a n t s .  

The  s u s p e n s i o n   example  c i t e d   h e r e i n b e f o r e   coats   c a t a p h o r e t i c a l l y   a t  



between  10V  to  100V  per  time  pe r iod   of  3  secs  to  30  secs .   The  e x a c t  

v o l t a g e   and  time  are  de t e rmined   e x p e r i m e n t a l l y .   Smooth  d e p o s i t s   a r e  

ach ieved   by  the  use  of  lower  v o l t a g e s .   Need le - shaped   p a r t i c l e s   wh ich  

are  very  b e n e f i c i a l   as  cathode  sources   in  accordance   with  t h i s  

i n v e n t i o n ,   have  the  added  advantage   t h a t   they  d e p o s i t   in  a  way  t h a t  

g ives   an  o r i e n t e d   d e p o s i t   with  the  long  axis   v i r t u a l l y   normal  to  t h e  

s u r f a c e   being  coa ted .   The  c a t e p h o r e t i c - d e p o s i t   is  qu i t e   so f t   and 

e a s i l y   damaged.  An  adhes ion   p r cmo te r ,   such  as  barium  f o r m a t e  

s o l u t i o n   in  water   may  be  added.  The  d e p o s i t   is  d ipped  in to   t h e  

s o l u t i o n   and  then  d r i e d .   A l t e r n a t i v e l y ,   a  small  p e r c e n t a g e ,   e .g .   2% 

to  5%,  of  barium  formate   may  be  mi l l ed   in to   the  i n i t i a l   e l e c t r o p h o r e t i c  

s u s p e n s i o n .   The  barium  formate   is  chosen  because   i t   melts   and  d e -  

composes  to  barium  c a r b o n a t e .   In  so  doing,   i t   promotes  adhes ion   o f  

c a r b o n a t e   p a r t i c l e   to  p a r t i c l e   and  to  the  cathode  m e t a l l i z a t i o n   w i t h o u t  

l o a d i n g   the  ca thode  c o a t i n g   with  po i sons   or  d i l u e n t s .  

For  c a t a p h o r e s i s ,   a  v o l t a g e   source  (not  shown)  is  connected   in to   t h e  

exposed  cathode  m e t a l l i z a t i o n ,   for   example,  25  v o l t s  f o r   5  s e c s .  

I l l u s t r a t i v e l y ,   the  c a t a p h o r e t i c   d e p o s i t i o n   is  baked  at  80°C  for   5  m i n s .  

The  baked  c a t a p h o r e t i c   d e p o s i t i o n   is  dipped  in  barium  f o r m a t e  

s a t u r a t e d   water  s o l u t i o n   and  rebaked  to  promote  adhes ion   of  c a r b o n a t e  

p a r t i c l e s   to  each  o the r   and  to  the  s u b s t r a t e .  



1  A  cathode  s t r u c t u r e   compr is ing   e l e c t r o n   emiss ive   m a t e r i a l   (44) 

on  a  p a t t e r n   of  m e t a l l i z a t i o n   (11)  on  an  i n s u l a t i n g   s u b s t r a t e   (7) 

c h a r a c t e r i s e d   by  e n c a p s u l a t i o n   m a t e r i a l   (48)  su r round ing   the  e l e c t r o n  

emiss ive   m a t e r i a l   ( 4 4 ) .  

2  A  s t r u c t u r e   acco rd ing   to  claim  1,  in  which  the  e n c a p s u l a t i o n  

m a t e r i a l   is  capable   of  removal  by  h e a t i n g .  

3  A  s t r u c t u r e   a cco rd ing   to  claim  1  or  2,  in  which  the  e l e c t r o n  

emiss ive   m a t e r i a l   is  of  c a r b o n a t e .  

4  A  s t r u c t u r e   a cco rd ing   to  claim  3,  in  which  the  ca rbona te   is  a  

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

5  A  s t r u c t u r e   a cco rd ing   to  claim  1,  2,  3  or  4,  in  which  the  e l e c t r o n  

emiss ive   m a t e r i a l   is  in  the  form  of  e l o n g a t e d ,   n e e d l e - l i k e   p a r t i c l e s  

( 4 4 . 1 ) .  

6  A  s t r u c t u r e   a cco rd ing   to  claim  5,  in  which  a  s u b s t a n t i a l   p r o p o r t i o n  

of  the  p a r t i c l e s   is  a l i g n e d   e s s e n t i a l l y   normal  to  the  m e t a l l i z a t i o n .  

7  A  s t r u c t u r e   a cco rd ing   to  claim  3,  or  any  claim  appendant   t h e r e t o ,  

in  which  the  m a t e r i a l   is  d e p o s i t e d   by  e l e c t r o p h o r e s i s .  

8  A  s t r u c t u r e   a cco rd ing   to  claim  7,  in  which  the  e l e c t r o p h o r e s i s   i s  

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

9  A  s t r u c t u r e   a c c o r d i n g   to  any  p r e c e d i n g   c laim,   in  which  t he re   is  a  

p l u r a l i t y   of  a reas   of  e l e c t r o n   emiss ive   m a t e r i a l   (50.1,   50.2,   5 0 . 3 ,  

50.4)  on  i s o l a t e d   a reas   of  a  p a t t e r n   of  m e t a l l i z a t i o n   ( 1 1 . 1 ) .  



10  A  method  of  forming  a  cathode  s t r u c t u r e ,   compr is ing   the  s teps   o f  

e s t a b l i s h i n g   a  f i r s t   p o s i t i v e   p h o t o r e s i s t   l ayer   on  a  m e t a l l i z a t i o n  

l a y e r   (11)  on  a  s u b s t r a t e   (7),  forming  a  d e l i n e a t e d   a p e r t u r e   (40)  i n  

the  p o s i t i v e   p h o t o r e s i s t   l a y e r   to  expose  an  area  (41)  of  t h e  

m e t a l l i z a t i o n   l a y e r ,   d e p o s i t i n g   e l e c t r o n   emiss ive   m a t e r i a l   (44)  i n  

the  a p e r t u r e ,   e s t a b l i s h i n g   a  second  l aye r   (46)  of  p o s i t i v e   p h o t o r e s i s t  

over  the  e l e c t r o n   emiss ive   m a t e r i a l   and  the  f i r s t   l aye r   of  p h o t o r e s i s t ,  

and  removing  p a r t   of  both  l a y e r s   of  p h o t o r e s i s t   to  form  a  reg ion   (48) 

of  the  two  p h o t o r e s i s t   l a y e r s   which  e n c a p s u l a t e s   the  e l e c t r o n   e m i s s i v e  

m a t e r i a l .  

11  A  method  a c c o r d i n g   to  claim  10,  in  which  the  cathode  s t r u c t u r e  

is  a  s t r u c t u r e   a c c o r d i n g   to  any  of  c laims  3  to  9 .  

12  A  method  a c c o r d i n g   to  c la im  10  or  11,  i n c l u d i n g   the  s u b s e q u e n t  

s tep   of  h e a t i n g   the  r eg ion   of  the  two  p h o t o r e s i s t   l aye r s   and  e l e c t r o n  

emis s ive   m a t e r i a l   to  leave  a  r e s i d u e   of  the  e l e c t r o n   emiss ive   m a t e r i a l  

on  the  m e t a l l i z a t i o n   at  the  a p e r t u r e   l o c a t i o n .  

13  A  method  of  forming  a  ca thode  s t r u c t u r e ,   compr i s ing   the  s t e p s  

of  e s t a b l i s h i n g   a  body  of  e l e c t r o n   emiss ive   m a t e r i a l   (44)  on  a n  

e s s e n t i a l l y   p l a n a r   s u r f a c e   (41)  of  a  m e t a l l i z a t i o n   l a y e r   (11)  on  an  

i n s u l a t i n g   s u b s t r a t e   (7)  c h a r a c t e r i s e d   in  t h a t   t h e . b o d y   comprises   an  

a r r a y   of  e l o n g a t e d   e l e c t r o n   emiss ive   n e e d l e - l i k e   p a r t i c l e s   ( 44 .1 )  

e s s e n t i a l l y   normal  t h e r e t o .  

14  A  method  a cco rd ing   to  claim  13,  in  which  the  body  (44)  i s  

su r rounded   by  e n c a p s u l a t i o n   m a t e r i a l   ( 4 8 ) .  

15  A  method  a c c o r d i n g   to  claim  14,  in  which  the  e n c a p s u l a t i o n  

m a t e r i a l   is  capable   of  removal  by  h e a t i n g .  



16  A  method  accord ing   to  claim  13,  14  or  15  in  which  the  s t r u c t u r e  

is  a  s t r u c t u r e   acco rd ing   to  any  of  claims  3  to  9.  

17  A  cathode  s t r u c t u r e   compr is ing   an  e l e c t r o n   emiss ive   l ayer   (44) 

on  a  m e t a l l i z a t i o n   l ayer   (11)  having  an  e s s e n t i a l l y   p l ana r   su r f ace   on 

an  i n s u l a t i n g   s u b s t r a t e   (7),  c h a r a c t e r i s e d   in  t h a t   the  layer   c o m p r i s e s  

an  a r ray   of  n e e d l e - l i k e   p a r t i c l e s   (44.1)  e s s e n t i a l l y   normal  to  t h e  

m e t a l l i z a t i o n   s u r f a c e .  

18  A  s t r u c t u r e   acco rd ing   to  claim  17  in  which  the  s t r u c t u r e   is  a  

s t r u c t u r e   acco rd ing   to  any  of  claims  1  to  4  and  7  to  9.  
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