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@  Electron  multipliers. 

An  electron  multiplier  using  a  laminated  channel 
plate  assembly.  The  electron  multiplier  is  usable  in  dis- 
play  tubes  and  image  intensifiers. 

A  problem  in  channel  plate  electron  multipliers  is  to 
space  apart  accurately  the  dynodes  in  a  simple  and  in- 
expensive  way. 

In  the  present  invention  this  problem  is  overcome  by 
using  discrete  separating  elements  (16)  such  as  ballotini 
to  space  apart  the  dynodes  (11,  12,  13,  14).  The  elements 
(16)  are  bonded  to  the  surface  of  one  dynode  of  adjacent 
pairs  of  dynodes  and  is  either  bonded  to  or  clamped 
against  the  other  dynode  of  the  pair. 

Various  methods  of  making  the  laminated  channel 
plate  assembly  are  disclosed. 



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  e l e c t r o n   m u l t i p l i e r s  

and  more  p a r t i c u l a r l y   to  e l e c t r o n   m u l t i p l i e r s   of  the  c h a n n e l  

p l a t e   type  which  may  be  used  in  e l e c t r o n i c   imaging  and  

d i s p l a y   a p p l i c a t i o n s .  

In  p r e s e n t   p r a c t i c e   a  channel   p l a t e   is  a  s e c o n d a r y -  

emiss ive   e l e c t r o n   m u l t i p l i e r   device   which  can  be  in   the  f o r m  

of  a  g lass   p l a t e   having  a  f i r s t   c o n d u c t i v e   l aye r   on  i t s   i n p u t  

face  and  a  s e p a r a t e   second  c o n d u c t i v e   l aye r   on  i t s   o u t p u t  

face  to  act  r e s p e c t i v e l y   as  inpu t   and  ou tpu t   e l e c t r o d e s   a n d  

a  l a rge   number  of  channe l s   with  r e s i s t i v e   wal l s   p a s s i n g  

through  i t s   t h i c k n e s s   so  t h a t   the  e l e c t r i c   f i e l d   i n s i d e  

each  channel   v a r i e s   un i fo rmly   along  i t s   l e n g t h .   The 

m u l t i p l i e r   device   can  a lso   be  in  the  form  of  a  c h a n n e l  

p l a t e   s t r u c t u r e   compr i s ing   a  p l u r a l i t y   of  d i s c r e t e   dynode  

metal  channel   p l a t e s   in  a  s t a c k ,   each  p l a t e   being  s e p a r a t e d  

from  the  o t h e r s .  

D i f f e r e n t   types   of  channel   p l a t e   s t r u c t u r e s   a re   known 

for  example  from  B r i t i s h   Pa t en t   S p e c i f i c a t i o n s   1 , 4 0 1 , 9 6 9 ,  

1 ,402,549  and  1 ,434 ,053 .   F igu re s   5  and  6  of  B r i t i s h  

Pa ten t   S p e c i f i c a t i o n   No.  1 ,402 ,549   d i s c l o s e   the  use  of  s c r e e n  

p r i n t e d   g l a s s   dots  as  a  means  of  s e p a r a t i n g   a d j a c e n t   c h a n n e l  

p l a t e s   of  a  s t ack .   In  order   to  bond  the  p l a t e s   t o g e t h e r   t o  

form  a  channel   p l a t e   s t r u c t u r e   i t   is  n e c e s s a r y   p a r t l y   to  m e l t  

the  g l a s s   do t s .   A  problem  may  a r i s e   here  in  t h a t   a c c u r a t e  

spacing  between  the  channel   p l a t e s   may  be  l o s t   due  to  t h e  

g lass   dots  changing  shape  when  p a r t l y   me l t ed .   In  o rde r   t o  

avoid  t h i s   problem  i t   is  proposed  in  t h a t   S p e c i f i c a t i o n   to  f o r m  

spacing  s e p a r a t i n g   e lements   from  a  high  me l t ing   p o i n t   g l a s s ,  

which  s e p a r a t i n g   e lements   may  be  machined  to  an  a c c u r a t e  

t h i c k n e s s   a f t e r   a p p l i c a t i o n .   T h e r e a f t e r   bonding  s e p a r a t i n g  

e lements   of  a  low  mel t ing   po in t   g l a s s   are  a p p l i e d   to  t h e  

same  su r f ace   of  each  channel   p l a t e   as  the  spacing  s e p a r a t i n g  

e l emen t s .   The  p l a t e s   are  then  a r ranged   in  a  s tack   with  t h e  

channe l s   in  the  p l a t e s   being  a l i g n e d   as  d e s i r e d   and  the  s t a c k  

is  heated  to  a  t e m p e r a t u r e   to  melt  p a r t l y   the  low  mel t ing   p o i n t  



g l a s s   bonding  e lements   which  bond  themse lves   to  the  s u r f a c e  

of  an  a d j a c e n t   p l a t e .   In  the  case  of  p l a t e s   not  made  o f  

a  secondary   emiss ive   m a t e r i a l ,   for  example  mild  s t e e l ,   i t   i s  

to  p rov ide   a  secondary   emiss ive   m a t e r i a l   in  each  c h a n n e l .  

The  r e p e a t e d   h e a t i n g   of  the  p l a t e s   in  order   to  apply   h i g h  

me l t ing   po in t   and  low  mel t ing   po in t   g l a s s   s e p a r a t i n g  

e lements   to  the  p l a t e s   and  the  hea t i ng   to  bond  t h e  

e lements   to  a d j a c e n t   p l a t e s   can  a f f e c t   a d v e r s e l y   t h e  

secondary   emiss ive   m a t e r i a l .   This  can  have  the  e f f e c t  

t ha t   the  channe l s   do  not  behave  un i fo rmly   over  the  area   o f  

the  channel   p l a t e   s t r u c t u r e .  

Accord ing ly   i t   is  an  o b j e c t   of  the  p r e s e n t   i n v e n t i o n   t o  

space  a p a r t   a c c u r a t e l y   the  channel   p l a t e s   in  a  r e l i a b l e  

and  simple  way. 

According  to  one  a spec 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  channel   p l a t e   s t r u c t u r e   compr i s ing   a  s tack  o f  

d i s c r e t e   e l e c t r i c a l l y   c o n d u c t i v e   dynodes  s e p a r a t e d   from  e a c h  

o the r   by  an  a r ray   of  d i s c r e t e   s e p a r a t i n g   e lements   d i s t r i b u t e d  

ac ross   the  area  of  the  channel   p l a t e ,   which  e l ements   a r e  

l e s s   conduc t i ve   than  the  d y n o d e s .  

According  to  a  second  a spec t   of  the  p r e s e n t   i n v e n t i o n  

the re   is  p rov ided   a  method  of  manufac tu r ing   a  channe l   p l a t e  

s t r u c t u r e ,   compr i s ing   app ly ing   a  g l a s s   enamel  to  a  s u r f a c e  

of  at  l e a s t   some  of  a  p l u r a l i t y   of  p e r f o r a t e ,   e l e c t r i c a l l y  

c o n d u c t i v e   dynode  forming  s h e e t s ,   f i r i n g   the  g l a s s   e n a m e l ,  

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

enamel led   s u r f a c e s ,   bonding  the  s p h e r i c a l   e l ements   to  t h e  

enamel led   s u r f a c e s   by  mel t ing   the  g la s s   enamel  t h e r e o n ,   a n d  

a r r a n g i n g   the  shee t s   in  a  s tack  with  the  f r ee   s u r f a c e s   o f  

the  s p h e r i c a l   e lements   c o n t a c t i n g   a  s u r f a c e   of  an  a d j a c e n t  

s h e e t .  

The  d i s c r e t e   s e p a r a t i n g   e lements   may  be  s p h e r i c a l   and  

comprise   small  g l a s s   spheres   known  as  b a l l o t i n i .   The  p r o v i s i o n  

of  the  d i s c r e t e   e lements   enab les   a  g r e a t e r   c o n s i s t e n c y   to  b e  

ach ieved   in  the  e l e c t r i c a l   c h a r a c t e r i s t i c s   of  the  c h a n n e l  

p l a t e   s t r u c t u r e   and  in  the  spacing  of  a d j a c e n t   channel   p l a t e s ,  



o t h e r w i s e   known  as  dynodes,   from  each  o t h e r .   In  the  c a s e  

of  using  b a l l o t i n i   as  i n s u l a t i n g   s e p a r a t o r s   h ighe r   v a l u e s  

of  r e s i s t a n c e   and  v o l t a g e   breakdown  l i m i t s   between  a d j a c e n t  

dynodes,   compared  with  sc reen   p r i n t e d   g l a s s ,   are  o b t a i n e d .  

By  way  of  compar i son ,   l a b o r a t o r y - m a d e   channel   p l a t e s   h a v i n g  

a  working  area  of  150  x  200  mm2,  a  channel   p i t c h   of  t h e  

order   0.8  mm.  and  a  spacer   t h i c k n e s s   of  the  o rder   of  0 . 1  

gave  the  f o l l owing   t y p i c a l   r e s u l t s :  

Another  advantage   of  using  d i s c r e t e   e l emen t s   as  i n s u l a t i n g  

or  r e s i s t i v e   s e p a r a t o r s  i s   t h a t   t h e i r   small  s i ze   means  t h a t   any  

e l e c t r o n s   which  d r o p - o u t   in  pa s s ing   from  one  dynode  to  the  n e x t  

are  u n l i k e l y   to  land  on  the  e lements   caus ing   a  n e g a t i v e   c h a r g e  

to  b u i l d - u p ,   which  charge   wi l l   oppose  the  passage   of  f u r t h e r  

e l e c t r o n s   th rough  the  c h a n n e l s .   Rather   any  d r o p - o u t   e l e c t r o n s  

are  l i k e l y   to  land  on  the  dynode  su r f ace   which  is  c o n d u c t i n g  

and  t he reby   they  do  not  cause  c h a r g i n g .  

If  i t   is  d e s i r e d   t h a t   the  s e p a r a t i n g   e lements   should  b e  

r e s i s t i v e ,   t h a t   is  be  s l i g h t l y   c o n d u c t i v e ,   r a t h e r   than  i n s u l a t i n g ,  

the  e l emen t s ,   such  as  b a l l o t i n i   may  be  made  a  g l a s s   c o n t a i n i n g  

a  high  lead  c o n t e n t   which  when  hea ted   in  a  r educ ing   a t m o s p h e r e  

of  hydrogen  causes   a  r e s i s t i v e   s u r f a c e   to  be  produced  t h e r e o n .  

The  r e s i s t i v e   e lements   thus  formed  act  as  p a r t   of  a  r e s i s t o r  

chain   for  b i a s i n g   the  d y n o d e s .  

The  d i s c r e t e   s e p a r a t i n g   e lements   may  be  a r r a n g e d  

s ing ly   or  in  c l u s t e r s   as  d e s i r e d .   F u r t h e r   they  may  b e  

a r ranged   more  dense ly   at  the  edge  of  each  dynode  than  a t  

the  c e n t r e   t h e r e o f .   Such  a  d i s t r i b u t i o n   of  the  e lements   e n a b l e s  

a  g r e a t e r   bond  s t r e n g t h   to  be  given  at  the  edges  t h e r e b y  

minimis ing   the  r i s k   of  a d j a c e n t   dynodes  p e e l i n g   a p a r t   and  



a f f e c t i n g   a d v e r s e l y   the  u n i f o r m i t y   in  the  per formance   of  t h e  

channel   p l a t e   s t r u c t u r e .   The  s e p a r a t i n g   e lements   may  b e  

a r ranged   r e g u l a r l y   between  the  channe l s   of  each  dynode  a n d  

where  the  b o r d e r s   of  the  dynodes  are  i m p e r f o r a t e ,   the  d e n s i t y  

of  the  e lements   may be  much  g r e a t e r .  

The  d i s c r e t e   s e p a r a t i n g   e lements   may  be  bonded  t o  

a d j a c e n t   dynodes  and  t he reby   form  an  i n t e g r a t e d   s t a c k .  

A l t e r n a t i v e l y   the  e lements   may  be  bonded  to  one  s ide  of  a  

p l a t e   forming  a  dynode  and  the  channel   p l a t e   s t r u c t u r e   i s  

assembled  by  a r r a n g i n g   the  s e p a r a t e d   dynodes  as  a  s tack   w h i c h  

is   then  c l a m p e d .  

The  p r e s e n t   i n v e n t i o n   w i l l   now  be  d e s c r i b e d ,   by  way  o f  

example,  with  r e f e r e n c e   to  the  accompanying  d r a w i n g s ,  

w h e r e i n  

F igure   1  is  a  d i ag rammat ic   c ross   s e c t i o n   th rough   a  

p o r t i o n   of  a  s tack  of  four   dynodes  having  s p h e r i c a l   s e p a r a t i n g  

e l e m e n t s ,   each  dynode  compr i s ing   a  s i n g l e , p e r f o r a t e   e l e c t r i c a l l y  

c o n d u c t i v e   p l a t e   of  the  type  shown  in  F igure   1  o f  

B r i t i s h   Pa t en t   S p e c i f i c a t i o n   No.  1 , 4 0 2 , 5 4 9 ,  

F igure   2  is  a  d iagrammat ic   c ross   s e c t i o n   th rough   a  p o r t i o n  

of  a  s tack   of  four   dynodes  having  s p h e r i c a l   s e p a r a t i n g  

e l emen t s ,   each  dynode  compr is ing   a  pa i r   of  m a t i n g ,  

p e r f o r a t e   e l e c t r i c a l l y   c o n d u c t i v e   p l a t e s   of  the  type  shown 

in  F igure   4  of  B r i t i s h   Pa t en t   S p e c i f i c a t i o n   No.  1 , 4 3 4 , 0 5 3 ,  

and  

F igure   3  is  a  d iagrammat ic   s e c t i o n a l   view  of  an  image  

d i s p l a y   tube  having  a  channel   p l a t e   s t r u c t u r e   made  in  a c c o r d a n c e  

with  the  p r e s e n t   i n v e n t i o n .  

In  the  i n t e r e s t s   of  b r e v i t y ,   the  d e s c r i p t i o n   of  F i g u r e s  

1  and  2  wi l l   be  con f ined   to  only  t ha t   which  is  n e c e s s a r y   t o  

u n d e r s t a n d   the  p r e s e n t   i n v e n t i o n .   For  d e t a i l s   of  t h e  

f a b r i c a t i o n   of  the  dynodes  and  t h e i r   v a r i o u s   a l t e r n a t i v e  

a r r angemen t s   of  the  dynodes,   r e f e r e n c e   is  made  t o  

B r i t i s h   Pa t en t   S p e c i f i c a t i o n s   Nos.  1 ,401 ,969 ,   1 ,402 ,549   a n d  

1 ,434 ,053   the  d e t a i l s   of  which  s p e c i f i c a t i o n s   are  i n c o r p o r a t e d  

h e r e i n   by  way  of  r e f e r e n c e .  



Figure   1  shows  a  channel   p l a t e   s t r u c t u r e   10  in  which  

each  of  the  dynodes  11,  12,  13  and  14  compr ises   a  s i n g l e ,  

p e r f o r a t e d   metal  p l a t e .   Channels   15  in  the  d y n o d e s  

11  to  14  converge  in  the  d i r e c t i o n   of  e l e c t r o n   m u l t i p l i c a t i o n  

and  are  a l igned   with  each  o t h e r .   The  dynodes  11  to  14 

are  s e p a r a t e d   by  s p h e r i c a l   s e p a r a t i n g   e lements   16  in  t h e  

form  of  b a l l o t i n i   which  are  bonded  by  g l a s s   enamel  17 

to  a d j a c e n t   dynodes.   By  way  of  i l l u s t r a t i o n   the  d e n s i t y   o f  

the  e lements   16  at  the  i m p e r f o r a t e   edges  of  the  d y n o d e s  

11  to  14  is  g r e a t e r   than  in  the  c e n t r e   t h e r e o f .   F u r t h e r  

a l though   the  e lements   16  are  shown  p o s i t i o n e d   between  e a c h  

channel   opening  of  a  dynode,  they  could  be  spaced  a p a r t   by  

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

a d j a c e n t   channe l s   15  of  a  d y n o d e .  

As  the  i l l u s t r a t e d   s e p a r a t i n g   e lements   16  a r e  

e l e c t r i c a l l y   i n s u l a t i n g   i t   is  n e c e s s a r y   t h a t   each  dynode  b e  

b i a s sed   s e p a r a t e l y   by  a  power  supply  18 .  

F igure   2  shows  an  a l t e r n a t i v e   embodiment  of  a  c h a n n e l  

p l a t e   s t r u c t u r e   10  to  t h a t   shown  in  F igure   1.  Dynodes  

20  to  23  each  comprise   two,  j u x t a p o s e d ,   mating  p e r f o r a t e d   m e t a l  

p l a t e s   25,  26  of  which  at  l e a s t   the  channe l s   15  in  the  p l a t e   26 

of  each  dynode  is  secondary  emiss ive   as  is  i l l u s t r a t e d  

d i a g r a m m a t i c a l y   by  the  e l e c t r o n   m u l t i p l i c a t i o n   of  an  e l e c t r o n  

beam  i n c i d e n t   in  the  channel   of  the  dynode  21.  The  s e p a r a t i n g  

e lements   16  comprise   b a l l o t i n i   a r ranged   at  s u i t a b l e   i n t e r v a l s  

between  the  c h a n n e l s .   Once  again  taps  of  the  power  supply  18 

are  connec ted   to  r e s p e c t i v e   d y n o d e s .  

An  example  of  one  method  for  manufac tu r ing   channel   p l a t e  

s t r u c t u r e   of  Figure   2  wi l l   now  be  g iven,   which  method  c a n  

r e a d i l y   be  adapted  to  manufac tu re   the  s t r u c t u r e   of  F igure   1 .  

Pa i r s   of  metal   p l a t e s   25,  26,  for  example  mild  s t e e l  

p l a t e s ,   having  matching  a r r ays   of  convergen t   a p e r t u r e s  
t h e r e i n   are  c l e a n e d .   A  high  y ie ld   secondary   e m i s s i v e   s u r f a c e  

is  d e p o s i t e d   by  way  of  e v a p o r a t i o n   in  the  a p e r t u r e s   of  at  l e a s t  

the  p l a t e s   26.  The  p l a t e s   25,  26  are  then  assembled  to  f o r m  

dynodes  with  the  smal l e r   d iamete r   openings  of  the  a p e r t u r e s  



being  a r r anged   remote  from  each  o t h e r .  

The  ou te r   s u r f a c e   of  each  pa i r   of  p a r t - d y n o d e s   are  c o a t e d  

with  a  bonding  medium  which  at  a  l a t e r   s t age ,   is  used  to  bond  

the  b a l l o t i n i   to  the  dynodes.   The  bonding  medium  c o n v e n i e n t l y  

compr ises   a  t h in   l a y e r   of  g l a s s   enamel  a p p l i e d   for   example  b y  

sc reen   p r i n t i n g   or  s e t t l i n g   from  a  s u s p e n s i o n .   If   t h e  

dynode  m a t e r i a l   and  the  bonding  medium  have  matching  c o e f f i c i e n t s  

of  expans ion   the  bonding  medium  e .g .   g l a s s   enamel  may  be  a p p l i e d  

a l l  o v e r   the  ou te r   dynode  s u r f a c e ,   o t h e r w i s e   i t   should  b e  

a p p l i e d   l o c a l l y   in  the  form  of  dots   which  c o i n c i d e   with  t h e  

subsequen t   p o s i t i o n s   of  the  b a l l o t i n i   to  p r e v e n t   the  r i s k  

of  the  dynodes  c u r l i n g   with  t e m p e r a t u r e   changes .   The  e n a m e l  

is  f i r e d   to  a  g l a s s y   s t a t e ,   the  t e m p e r a t u r e   being  t y p i c a l l y  

in  the  range  350  to  450°C.  One  of  each  a d j a c e n t   pa i r   o f  

p a r t - d y n o d e s   from  a d j a c e n t   dynodes  is  then  coa ted   with  a  

s t i c k y   medium  such  as  pine  o i l ,   the  purpose   of  which  is   t o  

hold  the  b a l l o t i n i   t e m p o r a r i l y   in  p l ace .   A  s t e n c i l   or  t h e  

o the r   dynode  p l a t e   is  then  p laced   over  the  s t i c k y   medium 

and  b a l l o t i n i   having  for  example  a  nominal  d i a m e t e r   o f  

100  microns  are  b rushed   ac ros s   the  s u r f a c e   of  the   s t e n c i l .  

The  s t e n c i l   c o n s i s t s   of  a  t h in   shee t   of  p e r f o r a t e d   meta l ,   t h e  

p e r f o r a t i o n s   being  so  l o c a t e d   and  of  such  a  d i ame te r   t h a t   one  

g l a s s   sphere   (or  a  c l u s t e r   of  a  small  number  of  b a l l o t i n i   i f   s o  

d e s i r e d )   is  p laced   at  each  of  the  r e q u i r e d   l o c a t i o n s .   The  s t e n c i l  

is   removed  l e av ing   c o r r e c t l y   l o c a t e d   b a l l o t i n i   adhe r ing   to  t h e  

p a r t - d y n o d e   by  means  of  the  s t i c k y   medium.  The  p a r t - d y n o d e   i s  

taken  th rough   a  h e a t i n g   cycle   to  remove  the  s t i c k y   medium  b y  

v o l a t i l i s a t i o n   and  to  al low  the  g la s s   l aye r   to  melt  so  t h a t   t h e  

b a l l o t i n i   are  pe rmanen t ly   bonded  to  the  p a r t - d y n o d e .   The  next   s t e p  

is  to  p lace   an  enamel  coated  p a r t - d y n o d e   a g a i n s t   a  b a l l o t i n i   c o a t e d  

p a r t - d y n o d e   in  a  j i g   which  holds  them  in  r e g i s t e r   w h i l s t   they  a r e  

taken  through  a  f u r t h e r   h e a t i n g   c y c l e .   The  t e m p e r a t u r e   i s   r a i s e d  

u n t i l   the  enamel  mel t s   and  the  two  p a r t - d y n o d e s   become  bonded  w i t h  

b a l l o t i n i   s e p a r a t i n g   them.  Care  has  to  be  e x e r c i s e d   to  ensu re   t h a t  

the  enamel  does  not  cover  the  b a l l o t i n i   so  as  to  cause  a  b r i d g e   t o  

be  formed  between  the  two  dynodes  a d v e r s e l y   a f f e c t i n g   the  i n s u l a t i o n .  



An  a l t e r n a t i v e   t e chn ique   i nvo lves   clamping  the  p a r t - d y n o d e s  

t o g e t h e r   i n s t e a d   of  bonding  them.  In  t h i s   case  one  p a r t - d y n o d e  

is  coa ted   with  b a l l o t i n i   as  d e s c r i b e d   above.  The  o the r   p a r t -  

dynode  is  not  coated  with  enamel  however.   Because  of  t h e  

f l e x i b l e   na tu re   of  p a r t - d y n o d e s   t h i s   method  may  only  b e  

adequate   for  m u l t i p l i e r s   with  an  area  no  g r e a t e r   than  a  few 

hundred  cm2  (for   a  p a r t - d y n o d e   t h i c k n e s s   of  about   0.15  mm). 

In  the  above-ment ioned   examples  the  bond  between  b a l l o t i n i  

and  a  dynode  is  e f f e c t e d   by  a  g l a s s   enamel.   However  g l a s s   i s  

not  the  only  s u i t a b l e   bonding  medium,  o t h e r s   may  i n c l u d e  

po tass ium  s i l i c a t e   s o l u t i o n ,   po ly imide   adhes ive   and  S i l v a c  

(a  p r o p r i a t a r y   vacuum-compat ib le   a d h e s i v e ) .  

The  above  methods  are  a l so   r e l e v a n t   to  r e s i s t i v e   s p a c e r s .  

R e s i s t i v e   s e p a r a t i n g   e lements   can  be  p rovided   by  us ing  b a l l o t i n i  

made  of  l e a d - c o n t a i n i n g   g l a s s   and  r e d u c i n g   the  s u r f a c e   of  e a c h  

sphere  by  hea t ing   in  hydrogen.   Where  r e s i s t i v e   e l emen t s   are  u s e d ,  

the  dynodes  need  not  be  coupled  s e p a r a t e l y   to  the  power  s u p p l y  

18  as  shown  in  F igu re s   1  and  2.  I n s t e a d   the  power  supply  c a n  

be  connec ted   between  the  f i r s t   and  l a s t   dynode  and  the  r e s i s t i v e  

e lements   act   as  a  p o t e n t i a l   d i v i d e r   enab l ing   each  dynode  t o  

be  b i a s   as  r e q u i r e d .  

F igure   3  d i a g r a m m a t i c a l l y   i l l u s t r a t e s   a  channe l   p l a t e  

ca thode   ray  tube  30  compr i s ing   a  meta l ,   for  example  m i l d  

s t e e l ,   cone  31  having  a  s u b s t a n t i a l l y   f l a t   p l a t e   g l a s s  

screen   32  c l o s i n g   the  open  end  of  the  cone  31.  A  c h a n n e l  

p l a t e   10  made  in  accordance   with  the  p r e s e n t   i n v e n t i o n   i s  

d i sposed   at  a  small  d i s t a n c e ,   for   example  10  mm,  from  t h e  

screen   32.  An  e l e c t r o n   gun  33  is  d i sposed   a d j a c e n t   the  c l o s e d  

end  of  the  cone  31  and  a  d e f l e c t i o n   co i l   assembly  34  i s  

d i sposed   a d j a c e n t   to,  but  spaced  from,  the  e l e c t r o n   gun  33 .  

In  o p e r a t i o n   a  low  energy  e l e c t r o n   beam  35  from  t h e  

e l e c t r o n   gun  33  is  d e f l e c t e d   in  r a s t e r   f a s h i o n   a c r o s s   t h e  

input   s ide  of  the  channel   p l a t e   s t r u c t u r e   10  by  the  c o i l  

assembly  34.  The  beam  undergoes   e l e c t r o n   m u l t i p l i c a t i o n   in  t h e  

s t r u c t u r e   10  and  the  output   e l e c t r o n s   are  a p p l i e d   s u b s t a n t i a l l y  

normal ly   to  the  sc reen   32 .  



In  an  a l t e r n a t i v e   c o n s t r u c t i o n   of  the  d i s p l a y   t u b e ,  

the  channel   p l a t e   s t r u c t u r e   may  be  p laced  l i ke   a  shadow  mask 

in  a  c o n v e n t i o n a l   ca thode   ray  tube  having  a  g l a s s   e n v e l o p e .  

The  channel   p l a t e   s t r u c t u r e   d e s c r i b e d   above  may  be  u s e d  

in  o the r   p r a c t i c a l   a p p l i c a t i o n s   such  as  e l e c t r o n   m u l t i p l i e r s ,  

image  i n t e n s i f i e r   tubes ,   data   d i s p l a y   t ubes ,   X-ray  image  

i n t e n s i f i e r s   and  c e r t a i n   types  of  gas  d i s c h a r g e   t u b e s .  

Although  the  s p h e r i c a l   e lements   c o n v e n i e n t l y   c o m p r i s e  

b a l l o t i n i   because   they  are  r e a d i l y   a v a i l a b l e ,   the  e l e m e n t s  

may  be  of  any  compa t ib l e   m a t e r i a l   having  a  s u f f i c i e n t l y  

high  r e s i s t a n c e   l e s s   than  t h a t   of  the  dynodes  and  a  m e l t i n g  

po in t   s u f f i c i e n t l y   high  such  t h a t   the  e lements   wi l l   not  b e  

deformed  dur ing   the  normal  p r o c e s s i n g   of  the  c h a n n e l  

p l a t e   a s s e m b l y .  

F u r t h e r   a l t hough   one  t e c h n i q u e   has  been  d e s c r i b e d   f o r  

l ay ing   down  the  b a l l o t i n i ,   o ther   t e c h n i q u e s   us ing  c u r r e n t l y  

known  t e c h n o l o g y   for  hand l ing   such  m a t e r i a l s   may  be  u s e d .  

The  d i s c r e t e   s e p a r a t i n g   e lements   may  have  o the r   s h a p e s  

b e s i d e s   s p h e r i c a l ,   such  as  c y l i n d r i c a l ,   e l l i p s o i d a l   p r i s m a t i c  

and  c u b i c .   I r r e s p e c t i v e   of  the  p r e c i s e   shape  of  the  e l e m e n t s ,  

the  t e c h n i q u e   for  l ay ing   them  down  must  ensure   t h a t   they  a r e  

in  the  d e s i r e d   p o s i t i o n s   and  o r i e n t a t e s   so  t h a t   the  d y n o d e s  

are  s e p a r a t e d   by  a  s u b s t a n t i a l l y   c o n s t a n t   d i s t a n c e   f rom 

each  o t h e r .  



1.  A  channel   p l a t e   s t r u c t u r e   compris ing   a  s tack  of  d i s c r e t e ,  

spaced  apa r t   e l e c t r i c a l l y   c o n d u c t i v e   dynode  p l a t e s ,   c h a r a c t e r i s e d  

in  t h a t   the  dynode  p l a t e s   are  s e p a r a t e d   from  each  o the r   by  a n  

a r ray   of  d i s c r e t e   s e p a r a t i n g   e lements   d i s t r i b u t e d   a c ro s s   t h e  

area  of  the  channel   p l a t e ,   which  e lements   are  l e s s   c o n d u c t i v e   t h a n  

the  d y n o d e s .  

2.  A  s t r u c t u r e   as  c la imed  in  Claim  1,  c h a r a c t e r i s e d   in  t h a t  

the  s e p a r a t i n g   e lements   are  s u b s t a n t i a l l y   s p h e r i c a l   and  c o m p r i s e  

b a l l o t i n i . .  

3.  A  s t r u c t u r e   as  c laimed  in  Claim  1  or  2,  c h a r a c t e r i s e d   i n  

t h a t   the  e lements   are  made  of  g l a s s   having  a  s u r f a c e   c o m p r i s i n g  

a  lead  f i l m .  

4.  A  s t r u c t u r e   as  claimed  in  any one  of  Claims  1  to  3 ,  

c h a r a c t e r i s e d   in  t ha t   each  dynode  p l a t e   compr ises   two  p e r f o r a t e ,  

e l e c t r i c a l l y   conduc t ive   mating  shee t s   in  e l e c t r i c a l   c o n t a c t   w i t h  

each  o t h e r .  

5.  A  s t r u c t u r e   as  claimed  in  any one  of  Claims  1  to  4 ,  

c h a r a c t e r i s e d   in  t ha t   the  s e p a r a t i n g   e lements   are  a r ranged   more  

dense ly   at  the  edge  of  each  dynode  p l a t e   than  at  the  c e n t r e   t h e r e o f .  

6.  A  s t r u c t u r e   as  c laimed  in  any one  of  Claims  1  to  5 ,  

c h a r a c t e r i s e d   in  t h a t   the  s e p a r a t i n g   e lements   are  bonded  to  t h e  



dynode  p l a t e s .  

7.  An  imaging  ca thode   ray  tube  i n c l u d i n g   a  channel   p l a t e  

s t r u c t u r e   as  c laimed  in  any one  of  Claims  1  to  6 .  

8.  A  method  of  m a n u f a c t u r i n g   a  channel   p l a t e   s t r u c t u r e ,  

c h a r a c t e r i s e d   by  app ly ing   a  g l a s s   enamel  to  a  s u r f a c e   of  a t  

l e a s t   some  of  a  p l u r a l i t y   of  p e r f o r a t e ,   e l e c t r i c a l l y   c o n d u c t i v e  

dynode  forming  s h e e t s ,   f i r i n g   the  g l a s s   enamel,  t e m p o r a r i l y  

p o s i t i o n i n g   d i s c r e t e   s e p a r a t i n g   e lements   on  the  enamel led   s u r f a c e s ,  

bonding  the  s e p a r a t i n g   e lements   to  the  enamel led   s u r f a c e s   b y  

me l t ing   the  g la s s   enamel  t h e r e o f ,   and  a r r a n g i n g   the  shee t s   in  a  

s tack  with  the  f ree   s u r f a c e s   of  the  s e p a r a t i n g   e l ements   c o n t a c t i n g  

a  s u r f a c e   of  an  a d j a c e n t   s h e e t .  

9.  A  method  as  c la imed  in  Claim  8,  c h a r a c t e r i s e d   i n  

t h a t   when  each  sheet   c o n s t i t u t e s   a  dynode,  a l l   but  one  of  t h e  

shee t s   forming  a  s tack  has  an  a r ray   of  s e p a r a t i n g   e l e m e n t s  

bonded  to  one  s u r f a c e   t h e r e o f .  

10.  A  method  as  c la imed  in  Claim  8,  c h a r a c t e r i s e d   in  t h a t  

when  each  sheet   c o n s t i t u t e s   h a l f   of  a  dynode,  the  s h e e t s   a r e  

a r ranged   in  mating  p a i r s ,   and  an  a r ray   of  s e p a r a t i n g   e l e m e n t s  

is  p rov ided   on  one  sheet   of  each  mating  p a i r .  
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