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@  A  multichannel  electron  multiplier  arrangement. 

An  electron  multiplier  (Figure  1)  has  many  channels 
(5),  defined  by  plates  6,  common  to  all  the  channels,  which 
are  spaced  apart  along  the  channels  and  extend  across  the 
channels.  The  plates  have  portions  11  bent  out  of  them  to 
define  dynode  surfaces,  leaving  apertures  12  for  the  pas- 
sage  of  electrons  through  the  plates.  Each  portion  serves 
as  a  dynode  for  one  channel  only  so  dimensional  errors  in 
that  portion  affect  only  one  channel.  In  each  plate  the  same 
surface  of  the  plate  serves  as  a  dynode  surface  for  all  the 
channels,  so  there  is  no  variation  in  emissivity  between  the 
channels  at  that  plate. 



This  i n v e n t i o n   r e l a t e s   to  a  m u l t i c h a n n e l   e l e c t r o n   m u l t i p l i e r  

a r r a n g e m e n t .  

B r i t i s h   Pa ten t   No.1470162  d i s c l o s e s   a  m u l t i c h a n n e l   e l e c t r o n  

m u l t i p l i e r   in  the  form  of  a  p h o t o m u l t i p l i e r   having  a  p l u r a l i t y  

of  e l e c t r o n   m u l t i p l y i n g   s t ages   each  compris ing   a  p l a t e   s l i t   t o  

form  p a r a l l e l   e lements   bent  out  of  the  plane  of  the  p l a t e .  

These  e lements   are  the  dynodes  of  the  s t a g e s .   At  each  s t a g e  

a d j a c e n t   channels   use  o p p o s i t e   s u r f a c e s   of  a  dynode  as  dynode 

s u r f a c e s .   Dimensional   e r r o r s   in  the  p l a t e s   cause  small  v a r i a -  

t i ons   in  gain  and  because  o p p o s i t e   s u r f a c e s   of  a  s i n g l e   dynode 

are  used  by  a d j a c e n t   channe l s ,   a  p o s i t i v e   e r r o r   in  one  c h a n n e l  

causes  an  equal  n e g a t i v e   e r r o r   in  the  o ther   channe l .   The  p l a t e s  

may  be  made  by  a  r e p e t i t i v e   manufac tu r ing   p rocess   which  i n t r o d u c e s  

the  same  e r r o r s   into  a l l   the  p l a t e s .   Thus  t he re   is  a  p o s s i b i l i t y  

of  s u b s t a n t i a l   d i f f e r e n c e s   in  gain  between  a d j a c e n t   c h a n n e l s .  

Fu r the rmore ,   the  e l e c t r o n   emi t t i ng   p r o p e r t i e s   of  d i f f e r e n t   s u r f a c e s  

of  a  s i n g l e   p l a t e   can  d i f f e r   p rov id ing   the  p o s s i b i l i t y   of  d i f f e r e n c e s  

in  gain  between  ad j acen t   c h a n n e l s .  

It  is  an  ob jec t   of  the  p r e sen t   i n v e n t i o n   to  provide   a  m u l t i -  

channel  e l e c t r o n   m u l t i p l i e r   in  which  the  e f f e c t   of  d imens iona l   e r r o r s  

in,  and  the  e f f e c t   of  d i f f e r i n g   e l e c t r o n   e m i t t i n g   p r o p e r t i e s   o f  

d i f f e r e n t   s u r f a c e s   in,  each  m u l t i p l y i n g   s tage   are  r e d u c e d .  

According  to  one  aspec t   of  the  i n v e n t i o n ,   t he re   is  p rovided   an  

e l e c t r o n   m u l t i p l y i n g   a r rangement   compris ing  a  p l u r a l i t y   of  c h a n n e l s  

for  the  e l e c t r o n s ,   each  channel  compris ing  a  p l u r a l i t y   of  e l e c t r o n  

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



channels   at  each  s tage   inc lude   r e s p e c t i v e   p o r t i o n s   of  the  same 

s u r f a c e   of  a  member  d i sposed   t r a n s v e r s e l y   of  the  channe l s ,   t h e  

member  d e f i n i n g   p a s s a g e s ,   for  sa id   e l e c t r o n s ,   through  the  member. 

For  b e t t e r   u n d e r s t a n d i n g   of  the  p r e s e n t   i n v e n t i o n ,   r e f e r e n c e  

wi l l   now  be  made,  by  way  of  example,  to  the  accompanying  d r a w i n g s ,  

in  w h i c h : -  

Figure   1  is  a  schemat ic   view,  of  a  c r o s s - s e c t i o n   of  a  m u l t i -  

channel   p h o t o m u l t i p l i e r   tube  embodying  the  i n v e n t i o n ,   and  

F igure   2  is  a  p e r s p e c t i v e   view  of  a  p l a t e   of  an  e l e c t r o n   m u l t i -  

p l i e r   s tage   of  the  tube  of  Figure   1 .  

The  tube  of  F igure   1  comprises   an  evacua ted   envelope  1  h a v i n g  

a  window  2  on  the  i n s i d e   of  which  is  a  s u b s t a n t i a l l y   t r a n s p a r e n t  

e l e c t r o d e   3  and  a  p h o t o c a t h o d e   4  which  emits  e l e c t r o n s   in  r e s p o n s e  

to  l i g h t .   The  tube  has  four  s u b s t a n t i a l l y   i d e n t i c a l   channels   a s  

e x e m p l i f i e d   by  r e f e r e n c e   numeral  5  and  e igh t   s t ages   of  e l e c t r o n  

m u l t i p l i c a t i o n   as  e x e m p l i f i e d   by  r e f e r e n c e   numeral  6.  A  f o c u s  

e l e c t r o d e   a r rangement   7  is  p rov ided   to  focus  e l e c t r o n s   only  f rom 

d i s t i n c t   " a c t i v e "   a r e a s  a   of  the  p h o t o c a t h o d e   in to   the  r e s p e c t i v e  

channels   and  to  stop  e l e c t r o n s   from  i n a c t i v e   a r e a s  b   from  e n t e r i n g  

the  channe l s ,   which  e l e c t r o n s   are  d i r e c t e d   on  to  the  focus  e l e c t r o d e  

i t s e l f .   The  e l e c t r o d e   a r rangement   7  is  shown  only  s c h e m a t i c a l l y   i n  

Figure  1;  an  example  of  such  an  a r rangement   is  d i s c l o s e d   in  c o -  

pending  B r i t i s h   p a t e n t   a p p l i c a t i o n   33852/75  ( S e r i a l   No.  ) .  

An  a r r ay   8  of  e l e c t r o n   c o l l e c t o r   rods  is  p rov ided   at  the  ends  of  t h e  

channels   to  c o l l e c t   the  e l e c t r o n s   produced  by  t h e m .  

The  channe ls   and  the  e l e c t r o n   m u l t i p l i e r   s t ages   are  de f ined   by 

e igh t   s i m i l a r   members  such  as  9  which  are  spaced  apar t   along  t h e  

channels   and  extend  ac ross   the  c h a n n e l s .   Each  member  9  is  fo rmed  

of  two  p l a t e s   10  each  as  shown  in  F igure   2.  R e f e r r i n g   to  F igure   2 ,  

the  p l a t e   10  is  of  secondary   e l e c t r o n   emiss ive   m a t e r i a l   such  a s  

b e r y l l i u m - c o p p e r   (Be-Cu)  or  s i l v e r - m a g n e s i u m   (Ag-Mg)  a l l o y   which  may 

have  been  o x i d i s e d   in  known  manner.  The  p l a t e   has  a  p l u r a l i t y   o f  

p o r t i o n s   11,  one  for  each  channel ,   i n t e g r a l   t h e r e w i t h   but  bent  o u t  

of  the  p lane  of  the  p l a t e ,   a l l   in  the  same  d i r e c t i o n ,   l e a v i n g  

a p e r t u r e s   12  in  the  p l a t e .   In  o rder   to  form  a  member  9,  two  p l a t e s  

10  are  f ixed  t o g e t h e r   by  s p o t - w e l d i n g   for  example,  b a c k - t o - b a c k   s o  

tha t   the  p o r t i o n s   11  and  a p e r t u r e s   12  are  a l i g n e d ,   the  p o r t i o n s   on 



one  p l a t e   ex tend ing   in  the  o p p o s i t e   d i r e c t i o n   to  those  on  the  o t h e r  

p l a t e .  

The  members  9  are  suppor ted   in  the  tube  by  e l e c t r i c a l l y   i n s u l a -  

t ive   p i l l a r s   (not  shown)  in  the  c o n v e n t i o n a l   manner.  The  members  9 

are  a r ranged   so  tha t   the  p o r t i o n s   11  extend  along  the  c h a n n e l s  

d e f i n i n g   the  dynode  s u r f a c e s   which  r e c e i v e   and  emit  e l e c t r o n s   and  t h e  

p o r t i o n s   13  of  the  members  not  bent  out  of  the  plane  of  the  p l a t e s  

de f ine   b a r r i e r   s u r f a c e s   which  extend  ac ross   the  channels   so  tha t   t h e  

e l e c t r o n s   fol low  a  z ig -zag   path  14  from  dynode  su r f ace   to  dynode 

s u r f a c e   along  each  channe l .   As  can  be  seen  from  F igures   I  and  2 ,  

at  each  s tage   6  a l l   the  dynode  s u r f a c e s   of  one  p l a t e   10  are  d e f i n e d  

by  the  same  s u r f a c e   of  t ha t   p l a t e   and  each  p o r t i o n   11  se rves   only  one  

channe l .   Thus,  any  e r r o r   in  the  p o s i t i o n   of  tha t   p o r t i o n   a f f e c t s  

only  the  channel  it  s e r v e s ,   and  any  d i f f e r e n c e   in  e l e c t r o n   e m i s s i v i t y  

between  the  s u r f a c e s   of  the  p l a t e   does  not  a f f e c t   the  gains  of  t h e  

channels   at  tha t   s t a g e .  

The  p o r t i o n s   11  of  each  s tage   i n t e r d i g i t a t e   with  the  p o r t i o n s   o f  

the  or  each  a d j a c e n t   s tage   so  t h a t   the re   are  no  d i r e c t   or  s t r a i g h t  

paths  ac ross   the  channe l s ,   and  the  b a r r i e r   s u r f a c e s   B  are  a r ranged   s o  

tha t   t he re   are  no  d i r e c t   or  s t r a i g h t   paths  along  the  channe l s .   These  

measures  reduce  the  r i s k   of  e l e c t r o n s   in  any  channel  escaping  from 

tha t   channel   and  thus  reduce  c r o s s - t a l k ,   and  a lso   reduce  feed-back   o f  

l i g h t   and /or   p a r t i c l e s   to  the  pho toca thode   4 .  

Light  may  be  guided  to  the  window  2  in  channels   and  to  f u r t h e r  

reduce  c r o s s - t a l k ,   a  l i gh t   guide  a r rangement   15  ( i n d i c a t e d   h i g h l y  

s c h e m a t i c a l l y   in  F igure   1)  such  as  is  d e s c r i b e d   in  B r i t i s h   P a t e n t  

S p e c i f i c a t i o n   No.1490695  may  be  p rov ided   at  window  2  to  f u r t h e r   d e f i n e  

the  a c t i v e   and  i n a c t i v e   a r e a s  a   and  b  of  the  pho toca thode   4 .  

In  o p e r a t i o n   of  the  tube,   va r ious   D.C.  p o t e n t i a l s   are  a p p l i e d   t o  

the  e l e c t r o d e   3,  to  the  s t ages   6  and  to  the  a r ray   of  c o l l e c t o r   rods  8 

via  pins  16.  (In  p r a c t i c e   the  pins  would  be  loca ted   at  one  end  o f  

the  t u b e ) .   Typical   p o t e n t i a l s   which  might  be  app l i ed   are  OV  to  t h e  

e l e c t r o d e   3,  5V  to  15V  to  the  e l e c t r o d e   7  and  10OV,  200V,  300V  e t c .  

to  the  s t ages   6,  the  v o l t a g e s   app l i ed   to  the  s t ages   i n c r e a s i n g   w i t h  

d i s t a n c e   from  the  p h o t o c a t h o d e .   A  p o t e n t i a l   of  +100V  r e l a t i v e   t o  

the  l a s t   dynode  would  be  app l i ed   to  each  of  the  c o l l e c t o r   rods .   The 



geometr ic   a r rangement   of  the  focus  e l e c t r o d e   7  and  the  s t ages   6 ,  

and  the  c o l l e c t o r   rods  t o g e t h e r   with  the  p o t e n t i a l s   a p p l i e d   to  them 

set  up  e l e c t r o s t a t i c   f i e l d s   between  the  s t ages   which  d i r e c t   a n d  

focus  the  e l e c t r o n s   along  the  z ig -zag   paths  in  the  channels   to  t h e  

a r ray   8  of  rods  where  the  e l e c t r o n s   are  c o l l e c t e d .  

Typica l   d imensions   for  the  p l a t e s   10  may  be  as  f o l l o w s ,  

r e f e r r i n g   to  F igure   2 : -  

The  p l a t e   is  of  Be-Cu  sheet   5  t h o u s a n d t h s   of  an  inch  t h i c k ;  

the  width  B  of  each  p o r t i o n   11  is  1.5  mm  ( t h i s   is  a lso  t h e  

width  of  each  a p e r t u r e   12);  and  the  d i s t a n c e   E  between  a p e r t u r e s   12 ,  

i . e .   the  l eng th   of  a  b a r r i e r   s u r f a c e   13,  is  2.5  mm. 

The  s t a g e s   6  are  t y p i c a l l y   spaced  one  from  ano the r   as  f o l l o w s ,  

r e f e r r i n g   to  F igure   I : -  

The  v e r t i c a l   spac ing   A  between  i n t e r d i g i t a t e d   p o r t i o n s   11  i s  

1 mm;  a n d  

the  h o r i z o n t a l   spac ing  C   between  one  end  of  a  p o r t i o n   11  and  a n  

a d j a c e n t   b a r r i e r   s u r f a c e   is  0.75  mm. 

The  width  W  of  each  a c t i v e   area  a  and  each  i n a c t i v e   area  b  o f  

the  p h o t o c a t h o d e   4  is  2  mm. 

It  is  to  be  a p p r e c i a t e d   t ha t   t hese   d imensions   may  be  s ca l ed   up 

or  down  wi thout   a f f e c t i n g   the  o p e r a t i o n   of  the  d e v i c e .  

The  p l a t e s   10  are  made  by  t ak ing   a  shee t   of  Be-Cu  or  Ag-Mg  a l l o y  

of  the  d e s i r e d   t h i c k n e s s   and  s tamping  or  punching  out  the  p o r t i o n s   11 

in  the  same  d i r e c t i o n .   The  sheet   is  then  cut  into  p i eces   of  d e s i r e d  

s ize   for  the  p l a t e s .   Pa i r s   of  the  p i eces   are  then  s p o t - w e l d e d  

t o g e t h e r   b a c k - t o - b a c k   to  form  a  member  9.  In  t h i s   way  the  whole  o f  

a  dynode  s u r f a c e   compr is ing   two  p o r t i o n s   11  is  de f ined   by  the  same 

s u r f a c e   of  the  o r i g i n a l   shee t   of  a l l o y   and  thus  has  a  uniform  e l e c t r o n  

e m i s s i v i t y .  

The  above  d e s c r i b e d   examplary  embodiment  could  be  modi f ied   i n  

va r ious   ways,  for  i n s t a n c e   as  f o l l o w s : -  

The  members  9  could  be  made  by  p h o t o e t c h i n g .   In s t ead   of  t h e  

b a r r i e r   s u r f a c e s   being  de f ined   by  the  p l a t e s   10  they  could  b e  

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

could  be  a  p l u r a l i t y   fo  c o l l e c t o r s   of  o the r   known  form.  A l s o ,  

i n s t e a d   of  a  p l u r a l i t y   of  c o l l e c t o r s   t he re   could  be  a  s i n g l e   c o l l e c t o r  



common  to  a l l   the  c h a n n e l s .   The  e l e c t r o d e   3  and  pho toca thode   4 

may  not  be  p r e sen t   and  the  tube  used  for  m u l t i p l y i n g   e l e c t r o n s  

gene ra t ed   by  source  o ther   than  p h o t o - e m i t t e r s .  



1.  An  e l e c t r o n   m u l t i p l y i n g   a r rangement   compr is ing   a  p l u r a l i t y  

of  channe ls   for  the  e l e c t r o n s ,   each  channel   compris ing   a  p l u r a l i t y  

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

of  the  channe ls   at  each  s tage   i nc lude   r e s p e c t i v e   p o r t i o n s   of  t h e  

same  s u r f a c e   of  a  member  d i sposed   t r a n s v e r s e l y   of  the  channe l s ,   t h e  

member  d e f i n i n g   p a s s a g e s ,   for  sa id   e l e c t r o n s ,   through  the  member 

2.  An  a r rangement   accord ing   to  Claim  1,  wherein  the  passages   i n  

a d j a c e n t   members  are  o f f s e t   to  block  s t r a i g h t   pa ths   along  t h e  

c h a n n e l s .  

3.  An  a r rangement   acco rd ing   to  Claim  1  or  2,  wherein  the  dynode 

s u r f a c e s   of  a d j a c e n t   s t ages   i n t e r d i g i t a t e   to  b lock  s t r a i g h t   p a t h s  

ac ross   the  c h a n n e l s .  

4.  An  a r rangement   accord ing   to  Claim  1,  2  or  3  f u r t h e r   c o m p r i s i n g  

a  pho toca thode   and  a  focus  e l e c t r o d e   for  f ocus s ing   e l e c t r o n s   f rom 

some  a reas   of  the  pho toca thode   in to   the  channe l s ,   and  to  s t o p  

e l e c t r o n s   from  o the r   a reas   e n t e r i n g   the  c h a n n e l s .  

5.  An  a r rangement   acco rd ing   to  Claim  4,  f u r t h e r   compris ing  a  l i g h t  

guide  a r rangement   d e f i n i n g   the  sa id   some  and  o the r   areas   of  t h e  

p h o t o c a t h o d e .  

6.  An  a r rangement   acco rd ing   to  any  p reced ing   c laim,   wherein  t h e  

sa id   member  of  each  s tage   comprises   two  p l a t e s ,   each  deformed  s o  

t h a t   r e s p e c t i v e   p o r t i o n s   of  the  same  s u r f a c e   of  the  p l a t e   p r o v i d e  

c o r r e s p o n d i n g   dynode  s u r f a c e s   of  the  channels   and  to  p rov ide   t h e  

p a s s a g e s ,   the  p l a t e s   being  f ixed   t o g e t h e r   with  the  passages   and  t h e  

sa id   p o r t i o n s   a l i g n e d ,   the  sa id   p o r t i o n s   ex tend ing   in  o p p o s i t e  

d i r e c t i o n s .  

7.  An  a r rangement   accord ing   to  Claim  6,  wherein  the  two  p l a t e s   o f  

each  s tage   are  de r ived   from  a  common  s h e e t ,   and  the  dynode  s u r f a c e s  

of  both  p l a t e s   are  de f ined   by  the  same  s u r f a c e   of  the  common  s h e e t .  
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