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©  Channel  plate  electron  multipliers. 

In  channel  plate  electron  multipliers  13  having  con- 
tinuous  channel  dynodes  20  extending  between  input,  12, 
and  output,  14,  faces  of  the  plate,  a  conducting  electrode  22 
is  required  on  these  faces  to  make  reliable  connection  to  the 
secondary  emitting  layer  inside  each  channel.  By  evaporat- 
ing  the  metallic  electrode  onto  the  faces  at  an  angle  to  the 
channel,  the  electrode  metal  penetrates  a  small  distance  into 
each  channel,  ensuring  a  good  connection.  On  the  input  face, 
incoming  electrons  can  then  land  on  metal  of  poor  electron 
emissivity,  degrading  the  multiplier  signal-to-noise  ratio  at 
the  input  stage  of  the  multiplication  process.  In  accordance 
with  the  invention,  the  penetration  depth  is  a  minimum  on 
channel  wall  parts  facing  a  predetermined  direction  26  in  the 
input  face  so  that  incoming  electrons  arriving  at  an  angle  to 
the  channel  axes  at  that  face  from  that  direction  land  on 
unobscured  secondary  emitting  surface. 



This  inven t ion   r e l a t e s   to  e l ec t ron   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  channel  p la te   e l e c t r o n   m u l t i p l e r s   having  c o n t i n u o u s  

channel  dynodes  extending  between  input  and  output  faces  of  t h e  

p l a t e ,   and  now  r e fe r red   to  as  channel  p l a t e s .   Such  channel  p l a t e s  

are  used  in  e l e c t r o n i c   image  i n t e n s i f i e r   tubes  where  they  are  used  

to  provide  the  major  part  of  the  image  i n t e n s i f i c a t i o n .  

A  channel  plate  r equ i r e s   conducting  e l e c t r o d e s   on  both  t h e  

input  and  output  faces  of  the  p l a t e .   These  e l e c t r o d e s   must  p r o v i d e  

a  r e l i a b l e   connect ion  to  the  high  r e s i s t a n c e   secondary  e m i t t i n g  

layer  on  the  inside  wall  of  each  channel.   A  vol tage   can  then  be 

app l i ed ,   via  the  e l e c t r o d e s ,   to  all   channels  and  a  p o t e n t i a l  

g rad ien t   e s t a b l i s h e d   along  the  channels ,   needed  for  e l e c t r o n  

m u l t i p l i c a t i o n   by  secondary  emiss ion.   Conven t iona l ly   t h e s e  

e l e c t r o d e s   are  prepared  by  vacuum  evapora t ion   of  a  s u i t a b l e  

conducting  m a t e r i a l ,   for  example  nichrome,  onto  each  face.   To 

ensure  r e l i a b l e   connect ion  to  each  channel,   the  geometry  of  t he  

evapora t ion   apparatus  is  g e n e r a l l y   arranged  so  that  the  e l e c t r o d e  

ma te r i a l   pene t r a t e s   a  small  d i s t ance   into  the  channels .   This  

arrangement  also  ensures  that  the  secondary  emi t t ing   layer  deep 

within  the  channel  is  not  contaminated   by  e l ec t rode   m a t e r i a l ,   which 

could  occur  if  the  evapora t ion   source  were  pos i t i oned   on  the  a x i s  

of  the  channels .   Convent ional   p r a c t i c e   has  been  to  r o t a t e   t h e  

channel  plate  about  the  channel  axis  during  evapora t ion   from  an 

o f f - a x i s   source  to  produce  a  s u b s t a n t i a l l y   uniform  depth  of 

p e n e t r a t i o n   of  the  e l e c t r o d e   m a t e r i a l   down  all  par ts   of  the  wall  of 

each  channel.   Typica l ly   the  d i r e c t i o n   of  evapora t ion   is  chosen  to  

be  about  45  degrees  so  that   the  p e n e t r a t i o n   depth  is  about  one 

channel  d i a m e t e r .  

Such  channel  p la tes   and  image  i n t e n s i f i e r s   are  descr ibed   i n  

B r i t i s h   Patent  S p e c i f i c a t i o n   1,164,894  in  which  a  diode  i n v e r t e r  

i n t e n s i f i e r   is  descr ibed  in  which  an  e l ec t ron   o p t i c a l   image 

inve r t i ng   stage  is  placed  between  a  photocathode  and  the  channe l  

p l a t e .  



In  such  an  image  i n t e n s i f i e r   the  channel  p la te   is  a  p l a n e  

p a r a l l e l - s i d e d   slab  set  normal  to  the  i n t e n s i f i e r   axis .   The 

e l e c t r o n   o p t i c a l   design  of  the  i n v e r t e r   between  the  p h o t o c a t h o d e ,  

which  r e c e i v e s   the  input  l ight   image,  and  the  input  face  of  t h e  

channel  p l a t e ,   which  rece ives   the  input  image  converted  t o  

p h o t o e l e c t r o n s ,   is  such  that  the  angle  at  which  the  p r i m a r y  

p h o t o e l e c t r o n s   land  on  the  channel  p la te   va r ies   as  a  func t ion   of  

p o s i t i o n   across   the  input  face  of  the  channel  p l a t e .   If  t h e  

channels  were  normal  to  the  input  face,   a  s i g n i f i c a n t   p ropor t ion   of  

the  p h o t o e l e c t r o n s   would  pene t r a t e   far  down  the  channels  near  t h e  

p la te   cent re   before  they  s t ruck  the  channel  walls  and  would  no t  

then  be  m u l t i p l i e d   by  secondary  emission  to  the  same  extent   had 

they  s t ruck   the  walls  near  the  channel  en t r ance .   The  gain  p r o v i d e d  

by  the  channel  plate   for  these  e l e c t r o n s   would  be  reduced.  T h i s  

e f f ec t   would  be  more  pronounced  near  the  i n t e n s i f i e r   axis  since  t h e  

input  e l e c t r o n s   are  there  more  near ly   p a r a l l e l   to  this   axis  and  t h e  

i n t e n s i f i e d   image  would  have  a  "black  spot"  in  the  cen t re .   In  some 

channel  p la te   i n t e n s i f i e r s   this   e f f e c t   is  avoided  by  placing  a 

thin  e l e c t r o n - s c a t t e r i n g   membrane  over  the  input  face  of  the  p l a t e  

so  that  most  incoming  e l e c t r o n s   are  d e f l e c t e d   onto  the  c h a n n e l  

walls  near  the  en t rance .   Such  a  membrane  might  also  be  used  to  

stop  p o s i t i v e   ions  migra t ing  back  along  the  channels  to  t he  

photocathode  and  degrading  i ts   s e n s i t i v i t y .   However,  such  a 

membrane  absorbs  some  e l e c t r o n s   and  for  best  s e n s i t i v i t y   it  is  n o t  

d e s i r a b l e .  

If  a  s c a t t e r i n g   membrane  is  not  used,  the  "black  spot"  can  be  

avoided  by  c u t t i n g   the  channel  p la te   so  that  the  channels  at  t h e  

input  face  are  at  a  bias  angle  to  that  face  as  descr ibed   in  B r i t i s h  

Patent   S p e c i f i c a t i o n   1 ,164,894.   The  incoming  primary  e l e c t r o n s  

then  s t r i k e   the  channel  walls  near  the  en t rance   of  each  c h a n n e l .  

However,  if  the  p e n e t r a t i o n   depth  of  the  e l e c t r o d e   mate r ia l   i s  

s u b s t a n t i a l l y   one  channel  diameter  a l l   around  each  channe l  

en t r ance ,   a  s u b s t a n t i a l   p ropor t ion   of  the  incoming  p r imary  

e l e c t r o n s   wil l   s t r i k e   channel  walls  where  the  secondary  e m i s s i v e  



layer   is  masked  by  the  e l e c t rode   ma te r i a l   and  will   p roduce  

c o n s i d e r a b l y   fewer  secondary  e l e c t r o n s   or  none  at  a l l .   The  mere 

loss  of  channel  gain  which  then  occurs  could  be  r e s to red   by 

i n c r e a s i n g   the  vol tage   appl ied  to  the  channel  p l a t e .   But  the  l o s s  

in  s i g n a l - t o - n o i s e   r a t i o   which  also  occurs  thereby  at  the  i n p u t  

face  cannot  be  r e s to red   by  a  gain  i nc rease .   This  loss  reduces  t h e  

r e l i a b i l i t y   with  which  low  con t r a s t   t a rge t s   can  be  de tec ted   at  low 

leve l s   of  scene  i l l u m i n a t i o n .  

The  problem  of  ob ta in ing   early  e l ec t ron   c o l l i s o n s   with  the  

channel  walls  is  also  d i scussed   in  B r i t i s h   Patent  S p e c i f i c a t i o n  

No.  1 ,154,515.   Therein  the  b e n e f i c i a l   e f f e c t s   of  t i l t i n g   t he  

channels   or  of  having  asymmetr ica l   p e n e t r a t i o n   of  the  e l e c t r o d e  

ma te r i a l   around  the  ins ide   of  each  channel  entrance  are  men t ioned .  

However,  in  this  s p e c i f i c a t i o n   this  problem  is  d i scussed   i n  

r e l a t i o n   to  a  proximity  image  i n t e n s i f i e r   in  which  the  p h o t o c a t h o d e  

is  in  extremely  close  proximity   to  the  input  face  of  the  channe l  

p l a t e .   In  this  case  the  a c c e l e r a t i n g   f i e ld   in  f ront   of  t he  

photocathode  tends  to  d i r e c t   the  e l e c t r o n s   into  the  c h a n n e l s  

in  a  d i r e c t i o n   more  or  less  p a r a l l e l   to  the  axes  of  the  c h a n n e l s .  

Consequently  there  is  a  tendency  for  the  e l e c t r o n s   to  f a i l   t o  

s t r i k e   the  channel  walls  at  an  early  s tage,   so  reducing  the  t o t a l  

m u l t i p l i c a t i o n   a v a i l a b l e   from  a  given  channel  length .   However,  t h e  

incoming  e l ec t rons   are  not  n e c e s s a r i l y   lost   and  the  i n p u t  

s i g n a l - t o - n o i s e   r a t i o   need  not  suf fer   on  this   account .   In  

p a r t i c u l a r ,   input  e l e c t r o d e   ma te r i a l   on  the  inside  walls  of  t he  

input  ends  of  the  channels   does  not  absorb  e l e c t r o n s   since  most 

incoming  e l ec t rons   are  well  past  the  input  end  before  they  s t r i k e  

the  channel  wall.  This  remains  true  in  sp i te   of  measures  taken  i n  

B r i t i s h   Patent  S p e c i f i c a t i o n   1,154,515  to  get  e a r l i e r   c o l l i s o n s ,  

that  is  to  say,  t i l t i n g   the  channels  r e l a t i v e   to  the  plate  i n p u t  

face  and  having  asymmetr ical   p e n e t r a t i o n   of  the  e l e c t rode   m a t e r i a l  

on  channel  en t rances   to  give  a  d e f l e c t i n g   lens  e f f e c t .   This  i s  

because,   as  s tated  above,  the  i n i t i a l   energy  of  the  e l e c t r o n s   i s  

low  and  their   paths  are  c o n t r o l l e d   predominant ly   by  the  e l e c t r i c  

f i e ld   c o n f i g u r a t i o n   in  the  input  region.  In  this  connect ion  it  i s  



to  be  noted  that  the  channels  may  be  t i l t e d   for  another  reason  s e t  

out  in  Br i t i sh   Patent  S p e c i f i c a t i o n   1 ,064,073.   The  e f f ec t   of  

t i l t i n g   is  to  reduce  the  s t rong  dependence  of  channel  gain  on  t h e  

l e n g t h - t o - d i a m e t e r   r a t io   of  a  channel  by  conf in ing   m u l t i p l i c a t i o n  
to  one  side  of  the  channel  and  making  the  pos i t i on   of  the  o p p o s i t e  
wall  unimpor tant .   The  un i fo rmi ty   of  channel  gains  is  t h e r e b y  

improved.  

However;  the  channel  input  c o n d i t i o n s   in  an  i n t e n s i f i e r   t ube  

having  a  diode  i n v e r t e r   stage  before   the  channel  plate  or  in  a 

proximity  tube  with  a  f i n i t e   gap  which  n e c e s s i t a t e s   a  r e l a t i v e l y  

high  voltage  between  the  photocathode   and  the  channel  plate   i n p u t  

to  l imit   sideways  spreading  of  the  image,  are  very  d i f f e r e n t .   In  

consequence  of  this  higher  input  energy  there  is  l i t t l e   lens  e f f e c t  

at  the  channel  ent rance   and  the  incoming  e l e c t r o n s   are  l i t t l e  

de f l ec t ed   as  they  enter   the  c h a n n e l s .  

A  p ropor t ion   of  the  incoming  e l e c t r o n s   t h e r e f o r e   s t r i ke   t h e  

channel  walls  immediately  ins ide   the  end  of  the  channels  masked  by 
the  e l ec t rode   ma te r i a l   and  are  lost   by  a b s o r p t i o n .  

It  is  an  object   of  the  i n v e n t i o n   to  reduce  the  loss  i n  

s i g n a l - t o - n o i s e   r a t i o   which  thereby  occurs  at  the  channel  i n p u t s .  

To  this   end,  the  inven t ion   provides   a  channel  plate   s econdary  
e l ec t ron   m u l t i p l i e r   compr is ing ,   cont inuous  dynode  c h a n n e l s  

extending  from  an  input  face  to  an  output  face  of  the  p la te ,   and 

f i r s t   and  second  conduct ive   l ayers   on  the  input  and  output  f a c e s  

forming  the  plate  input  and  output  e l e c t r o d e s   r e s p e c t i v e l y ,   s a i d  

f i r s t   layer  p e n e t r a t i n g   ins ide   the  channel  walls  to  a  depth  n o t  

s u b s t a n t i a l l y   g r ea t e r   than  the  channel  width  and  which  depth  v a r i e s  

as  a  funct ion   of  pos i t i on   around  the  wall  of  each  c h a n n e l ,  
c h a r a c t e r i s e d   in  that  the  p e n e t r a t i o n   depth  is  s u b s t a n t i a l l y   ze ro  

on  wall  parts   facing  a  p rede termined   d i r e c t i o n   in  the  input  face  so 
that  e l e c t r o n s   a r r i v i n g   at  said  input  face  at  an  angle  to  the  

channel  axes  at  said  face  and  from  said  predetermined  d i r e c t i o n  

land  upon  channel  wall  par ts   having  a  minimum  area  of  secondary  



emi t t ing   su r face   obscured  by  said  conduct ive   l a y e r .  

P r e f e r a b l y   the  axes  of  the  channels   at  the  input  face  a r e  

inc l ined   at  a  common  bias  angle  to  the  normal  to  the  input  f a c e ,  
said  p rede te rmined   d i r e c t i o n   being  the  d i r e c t i o n   in  which  the  a n g l e  

between  the  channel  axes  and  the  input  face  is  l e a s t .  

The  i n v e n t i o n   also  provides  an  e l e c t r o n i c   imaging  tube  

compr is ing ,   in  order  from  the  image  input ,   a  pho toca thode ,   an 

e l e c t r o n   o p t i c a l   image  i n v e r t i n g   s tage ,   a  channel  p la te   s econda ry  

e l e c t r o n   m u l t i p l i e r   comprising  cont inuous   dynode  channels  e x t e n d i n g  

from  an  input  face  to  an  output  face  of  the  p l a t e ,   f i r s t   and  second 

conduct ive   l ayers   on  the  input  and  output  faces  forming  the  p l a t e  

input  and  output  e l ec t rodes   r e s p e c t i v e l y ,   said  f i r s t   l a y e r  

p e n e t r a t i n g   ins ide   the  channel  walls  to  a  depth  not  s u b s t a n t i a l l y  

g r ea t e r   than  the  channel  width  and  which  depth  var ies   as  a  f u n c t i o n  

of  p o s i t i o n   around  the  wall  of  each  channel  c h a r a c t e r i s e d   in  t h a t  

the  p e n e t r a t i o n   depth  is  s u b s t a n t i a l l y   zero  on  wall  par ts   facing  a 

p rede te rmined   d i r e c t i o n   in  the  input  face  and  in  that  the  axes  of 

the  channels   at  the  input  face  are  i nc l i ned   at  a  common  bias  ang l e  

to  the  input  face,   said  predetermined  d i r e c t i o n   being  the  d i r e c t i o n  

in  which  the  angle  between  the  channel  axes  and  the  input  face  i s  

leas t   so  that   e l ec t rons   a r r i v ing   at  said  input  face  from  the  

e l ec t ron   o p t i c a l   image  inve r t ing   stage  land  upon  channel  wall  p a r t s  

having  a  minimum  area  of  secondary  emi t t ing   surface   obscured  by 

said  conduct ing   l a y e r .  

An  embodiment  of  the  invent ion  will   now  be  d e s c r i b e d ,   by  way 

of  example,  with  re ference   to  the  accompanying  drawing  in  w h i c h : -  

Figure  1  shows  a  schematic  sec t ion   of  a  mic ro-channe l   p l a t e  

image  i n t e n s i f i e r   i n c o r p o r a t i n g   a  channel  p la te   e l e c t r o n   m u l t i p l i e r  

in  accordance  with  the  invent ion ,   and 

Figure  2  shows  a  s ec t i ona l   view  of  the  input  ends  of  t h e  

channels  of  a  channel  plate  in  accordance  with  the  i n v e n t i o n .  

Re fe r r ing   to  Figure  1,  a  micro-channel   p la te   image  i n t e n s i f i e r  

1  is  shown  in  schematic  c r o s s - s e c t i o n .   A  vacuum  envelope  2  has  a 

f ibre  optic  input  window  3  having  a  s e m i - t r a n s p a r e n t   p h o t o e m i s s i v e  



layer  4  upon  i ts   i n t e r i o r   surface  5.  An  op t i ca l   image  6,  f ocused  

upon  the  e x t e r i o r   su r face   7,  is  t r a n s f e r r e d   by  the  op t i ca l   f i b r e s   9 

to  the  i n t e r i o r   sur face   5  and  to  the  photoemiss ive   layer  4  where  i t  

gives  rise  to  an  e l e c t r o n   image  8.  A  focusing  anode  10,  held  at  a 

s u i t a b l e   p o s i t i v e   p o t e n t i a l   with  respec t   to  layer  4,  for  example 

2kV,  forms  an  i nve r t ed   e l e c t r o n   image  11  on  the  input  face  12  of  a 

micro-channel   e l e c t r o n   m u l t i p l i e r   p la te   13.  The  axes  of  t h e  

channels  20  are  i n c l i n e d   at  a  common  bias  angle  to  the  normal  t o  

input  face  12.  The  output  face  14  of  p la te   13  is  held  at  a 

pos i t i ve   p o t e n t i a l   of  200  to  1000  v o l t s ,   depending  on  the  g a i n  

r equ i red ,   with  respec t   to  input  face  12.  An  i n t e n s i f i e d   e l e c t r o n  

image  15  is  p r o x i m i t y - f o c u s e d   onto  a  luminescent   phosphor  screen  16 

on  the  i n t e r i o r   su r face   of  a  f ibre   opt ic   output  window  17,  which 

t r a n s f e r s   a  v i s i b l e   image  18  to  the  e x t e r i o r   surface   19  where  i t  

may  be  viewed  with  an  eyepiece  (not  shown).  Such  m i c r o - c h a n n e l  

plate  image  i n t e n s i f i e r s   are  a v a i l a b l e   commercial ly ,   for  example 

Mullard  (Trade  Mark)  Type  No.  XX1500,  and  will   not  be  f u r t h e r  

descr ibed  h e r e i n .  

The  magnified  i n s e r t   in  Figure  1  shows  a  sect ion  of  t h e  

channels  20  i nc l i ned   at  a  common  bias  angle  @ ,  t y p i c a l l y   14 .5  

degrees ,   to  the  normal  to  the  input  face  12.  The  channel  walls  21 

are  of  conductive  g lass   t r ea ted   to  emit  secondary  e l e c t r o n s .   Such 

channel  p l a t e s ,   t oge the r   with  methods  of  manufacture ,   are  d e s c r i b e d  

in  Patent  S p e c i f i c a t i o n   No.  1,368,753  wherein  fu r the r   r e fe rences   t o  

the  art  may  be  found.  A  f i r s t   conduct ive   layer  22  of  n ichrome 

metal  is  laid  down  by  vacuum  evapora t ion   from  a  d i r e c t i o n   27  o n t o  

input  face  12.  Layer  22  p e n e t r a t e s   down  the  inside  of  the  channe l  

walls  at  23  on  the  s ides  of  channel  walls  facing  into  d i r e c t i o n  

27.  The  opposi te   sides  of  the  channel  walls ,   facing  a 

predetermined  d i r e c t i o n   26  in  input  face  12  corresponding  to  t h e  

evapora t ion   d i r e c t i o n   27,  are  masked  by  the  channel  ends  d u r i n g  

evapora t ion   and  the  secondary  emissive  p roper ty   of  these  side  w a l l s  

is  not  degraded .  

Figure  2  shows  in  more  d e t a i l   the  asymmetry  in  the  p e n e t r a t i o n  



depth  of  the  f i r s t   conductive  layer   which  is  achieved  by 

evapora t ion   of  the  layer   from  d i r e c t i o n   27.  The  p e n e t r a t i o n   v a r i e s  

from  a  maximum  23  round  to  zero  on  the  oppos i te   wall  facing  the  

predetermined  d i r e c t i o n   26.  In  the  plan  view  of  the  channel  ends 

the  p ro j ec t ed   area  of  f i r s t   conduct ive  layer  layer  22  is  shown  as 

two  small  areas  25  obscuring  a  minimum  area  of  secondary  e m i t t i n g  

su r face .   Incoming  e l e c t r o n s   24  a r r i v i n g   normal  to  input  face  12 

will  thus  be  i n c i d e n t   almost  e n t i r e l y   upon  a  good  s e c o n d a r y  

e m i t t e r .   This  may  be  compared  to  a  channel  plate  having  a  b i a s  

angle  of  14.5  degrees  and  the  former  symmetrical   p e n e t r a t i o n   by  one 

channel  d iameter   of  the  conductive  layer   in  which  30%  of  p r i m a r y  

e l e c t r o n s   a r r i v i n g   normal  to  the  channel  p la te   surface  will  s t r i k e  

the  conduct ive   e l e c t r o d e   ma te r i a l .   On  this   simple  view,  a  30% 

reduc t ion   in  noise  power  factor  is  pos s ib l e   using  the  i n v e n t i o n .  

In  p r a c t i c e ,   a  r educ t ion   in  noise  power  fac tor   from  3.6  to  2.95  i s  

obtained  equ iva l en t   to  a  20%  increase   in  photocathode  s e n s i t i v i t y .  

It  should  be  noted  that ,   with  the  former  s y m m e t r i c a l  

p e n e t r a t i o n ,   the  e l e c t r o s t a t i c   f ie ld   at  the  channel  en t rance   i s  

reduced  owing  to  the  presence  of  the  conductive  l ayer .   In  

consequence  the  e x t r a c t i o n   f ield  for  secondary  e l e c t r o n s   is  not  as  

favourable   as  it  would  have  been  without  the  p e n e t r a t i n g   l a y e r .  

With  the  asymmetr ical   pene t ra t ion   according  to  the  i n v e n t i o n ,   t h e  

e x t r a c t i o n   f i e ld   for  f i r s t   secondary  e l e c t r o n s   is  asymmetric  and  i s  

more  f a v o u r a b l e .  

If  the  incoming  primary  e l ec t rons   a r r ive   normal  to  the  i n p u t  

face,  or  at  l eas t   d i s t r i b u t e d   over  a  small  range  of  a n g l e s ,  

t y p i c a l l y  +   10°,  around  normal,  then  the  channels  are  i n c l i n e d   to  

the  input  face  to  obta in   the  benef i t   of  the  i n v e n t i o n .   But  if  t h e  

incoming  e l e c t r o n s   a r r ive   at  an  angle  to  the  normal  to  the  i n p u t  

face  the  channels  may  have  zero  bias  angle  provided  that   t h e  

d i r e c t i o n   of  e l e c t r o n   a r r i va l   is  chosen  in  r e l a t i o n   to  t he  

asymmetry  of  p e n e t r a t i o n   so  that  the  e l e c t r o n s   land  on  the  c h a n n e l  

walls  having  l eas t   p e n e t r a t i o n   of  the  conduct ive   l a y e r .  

If  the  e l e c t r o n s   arr ive  normally,   it  is  only  necessary   t h a t  



the  channels  have  a  bias  angle  at  the  input  face.  The  channel  may 
then  be  curved  so  t ha t ,   for  example,  the  output  end  of  each  c h a n n e l  

is  normal  to  the  output  face.   In  an  image  tube  this  may  be 

d e s i r a b l e   to  avoid  as t igmat i sm  in  the  image. 

The  i nven t ion   is  also  a p p l i c a b l e   in  non-imaging  a p p l i c a t i o n s ,  

for  example  in  s ing le   channel  e l e c t r o n   m u l t i p l i e r s   used  as  e l e c t r o n  

d e t e c t o r s   in  mass  s p e c t r o m e t e r s   and  space  e x p e r i m e n t s .  



1.  A  channel  p la te   secondary  e l e c t r o n   m u l t i p l i e r   c o m p r i s i n g ,  

cont inuous   dynode  channels  extending  from  an  input  face  to  an 

output  face  of  the  p l a t e ,   and  f i r s t   and  second  conduct ive   l ayers   on 

the  input  and  output   faces  forming  the  p la te   input  and  o u t p u t  

e l e c t r o d e s   r e s p e c t i v e l y ,   said  f i r s t   layer  p e n e t r a t i n g   ins ide   t he  

channel  wal ls   to  a  depth  not  s u b s t a n t i a l l y   g r e a t e r   than  the  channe l  

width  and  which  depth  var ies   as  a  func t ion   of  p o s i t i o n   around  the  

wall  of  each  channe l ,   c h a r a c t e r i s e d   in  that  the  p e n e t r a t i o n   dep th  

is  s u b s t a n t i a l l y   zero  on  wall  par ts   facing  a  p r e d e t e r m i n e d  

d i r e c t i o n   in  the  input  face  so  that  e l e c t r o n s   a r r i v i n g   at  s a i d  

input  face  at  an  angle  to  the  channel  axes  at  said  face  and  from 

said  p rede te rmined   d i r e c t i o n   land  upon  channel  wall  par ts   having  a 

minimum  area  of  secondary  emi t t ing   surface   obscured  by  s a i d  

conduct ive   l a y e r .  

2.  A  channel  p la te   e l ec t ron   m u l t i p l i e r   as  claimed  in  Claim  1, 

c h a r a c t e r i s e d   in  that   the  axes  of  the  channels  at  the  input  f a ce  

are  i n c l i n e d   at  a  common  bias  angle  to  the  normal  to  the  i n p u t  

face,  said  p rede te rmined   d i r e c t i o n   being  the  d i r e c t i o n   in  which  the 

angle  between  the  channel  axes  and  the  input  face  is  l e a s t .  

3.  A  channel  p la te   e l ec t ron   m u l t i p l i e r   as  claimed  in  any  one  
of  the  p receding   claims  wherein  said  cont inuous  dynode  c h a n n e l s  

extend  in  a  curve  between  the  input  and  output  f a c e s .  

4.  An  e l e c t r o n i c   imaging  tube  compris ing ,   in  order  from  the  

image  input ,   a  pho toca thode ,   an  e l e c t r o n   o p t i c a l   image  i n v e r t i n g  

s tage,   a  channel  p la te   secondary  e l e c t r o n   m u l t i p l i e r   c o m p r i s i n g  

cont inuous  dynode  channels  extending  from  an  input  face  to  an 

output  face  of  the  p l a t e ,   f i r s t   and  second  conduct ive   l ayers   on  t h e  

input  and  output   faces  forming  the  p la te   input  and  o u t p u t  

e l e c t r o d e s   r e s p e c t i v e l y ,   said  f i r s t   layer  p e n e t r a t i n g   ins ide   t he  

channel  walls  to  a  depth  not  s u b s t a n t i a l l y   g r e a t e r   than  the  channe l  

width  and  which  depth  var ies   as  a  funct ion   of  p o s i t i o n   around  t he  

wall  of  each  channel  c h a r a c t e r i s e d   in  that  the  p e n e t r a t i o n   depth  i s  

s u b s t a n t i a l l y   zero  on  wall  parts  facing  a  predetermined  d i r e c t i o n  



in  the  input  face  and  in  that  the  axes  of  the  channels  at  the  i n p u t  

face  are  inc l ined   at  a  common  bias  angle  to  the  input  face,  s a i d  

predetermined  d i r e c t i o n   being  the  d i r e c t i o n   in  which  the  ang le  

between  the  channel  axes  and  the  input  face  is  l eas t   so  t h a t  

e l e c t r o n s   a r r i v ing   at  said  input  face  from  the  e l e c t r o n   o p t i c a l  

image  i nve r t ing   stage  land  upon  channel  wall  par ts   having  a  minimum 

area  of  secondary  emi t t ing   surface   obscured  by  said  c o n d u c t i n g  

l a y e r .  

5.  An  e l e c t r o n i c   imaging  tube  as  claimed  in  Claim  5, 

c h a r a c t e r i s e d   in  that   the  continuous  dynode  channels  extend  in  a 

curve  between  the  input  and  output  f a c e s .  

6.  An  e l e c t r o n i c   imaging  tube  as  claimed  in  Claim  4  or  Claim 

5  in  the  form  of  an  image  i n t e n s i f i e r   or  image  conver ter   tuh-- 

comprising  a  luminescent   viewing  screen  on  the  output  side  of  the  

channel  p l a t e .  
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