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©  Ion  detector. 
@  An  ion  detector  is  disclosed  herein  and  includes  a 
conversion  dynode  for  receiving  at  its  input  charged  particles 
and  for  delivering  at  its  output  charged  particles  such  that 
the  latter  particles  leave  the  output  of  said  dynode  in  a 
diffused  manner  and  a  microchannel  electron  multiplier 
disposed  adjacent  the  conversion  electrode  to  receive  said 
diffused  charged  particles  from  the  output  of  the  conversion 
dynode  and  a  collector  electrode  for  receiving  electrons 
exiting  the  microchannel  plate.  The  ion  detector  also  in- 
cludes  a  resistive  divider  for  providing  voltages  to  said 
conversion  dynode,  across  the  microchannel  plate  and  to 
said  collector  electrode. 



T h i s   i n v e n t i o n   r e l a t e s   g e n e r a l l y   to   an  i o n   d e t e c t o r   and  m o r e  

s p e c i f i c a l l y   to   an  i o n   d e t e c t o r   p a r t i c u l a r l y   u s e f u l   f o r  

d e t e c t i n g   i o n   beams   in   mass   s p e c t r o m e t e r s .  

D e v i c e s   w h i c h   a r e   u s e d   to   c o n v e r t   t h e   k i n e t i c   e n e r g y   of  a n  

a c c e l e r a t e d   i o n   beam  in  a  m a s s   s p e c t r o m e t e r   i n t o   e l e c t r i c a l  

s i g n a l s   a r e   w e l l   known  and  c o m m o n l y   c a l l e d   i o n   d e t e c t o r s .  

T h e r e   a r e   s e v e r a l   t y p e s   of  known  i o n   d e t e c t o r   d e v i c e s :  

F a r a d a y   cup   d e t e c t o r s ;   e l e c t r o n   m u l t i p l i e r s   of  t h e   d i s c r e e t  

or  c o n t i n u o u s   d y n o d e   t y p e ;   c o n v e r s i o n   d y n o d e   s y s t e m s   f o l -  

l o w e d   by  an  e l e c t r o n   m u l t i p l i e r   and  i o n - t o - e l e c t r o n   c o n -  

v e r t e r   f o l l o w e d   by  an  e l e c t r o n - t o - p h o t o n   c o n v e r t e r .  

The  m o s t   c o m m o n l y   u s e d   mass   s p e c t r o m e t e r   d e t e c t o r s   a r e  

e l e c t r o n   m u l t i p l i e r s .   They  o p e r a t e   in  a  v a c u u m   s y s t e m , h a v e  

a  g a i n   f a c t o r   of  a b o u t   105 ,   h a v e   a  l i f e t i m e   w i t h   r e l a t i v e l y  

s t a b l e   g a i n   of   a b o u t   one  y e a r   and  a r e   r e l a t i v e l y   c o m p a c t .  

When  u s e d   w i t h   a  c o n v e r s i o n   d y n o d e   s u c h   as  shown  in   P a t e n t  

4 , 4 2 3 , 3 2 4 ,   b o t h   n e g a t i v e   and  p o s i t i v e   i o n s   may  be  d e t e c t e d  

w i t h   t h e   same  d e v i c e   by  c h a n g i n g   t h e   p o l a r i t i e s   of  t h e  

v o l t a g e s   a p p l i e d   to   t h e   c o n v e r s i o n   d y n o d e .  

R e f e r r i n g   to   F i g u r e   1,  t h i s   t y p e   of  p r i o r   a r t   d e v i c e   i s  

s h o w n .   The  d e v i c e   w o r k s   in  t h e   f o l l o w i n g   m a n n e r :   P o s i t i v e  

i o n s   11  e m e r g i n g   f rom  t h e   e x i t   of  t h e   mass   s p e c t r o m e t e r   a r e  

a c c e l e r a t e d   by  a  n e g a t i v e   p o t e n t i a l   a p p l i e d   to   t h e   s u r f a c e  



of   t h e   c o n v e r s i o n   d y n o d e   12.  The  i o n s   s t r i k e   t h e   d y n o d e ,  

w h i c h   p r o d u c e s   c h a r g e d   p a r t i c l e s .   N e g a t i v e   c h a r g e s   13  a r e  

a t t r a c t e d   t o   t h e   f r o n t   s u r f a c e   of   t h e   e l e c t r o n   m u l t i p l i e r   1 4  

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

m u l t i p l i e r .   I t   i s   to   be  n o t e d   t h a t   t h i s   n e g a t i v e   v o l t a g e   i s  

s u b s t a n t i a l l y   l e s s   t h a n   t h e   n e g a t i v e   v o l t a g e   on  t h e   c o n v e r -  

s i o n   d y n o d e   w h e r e b y   to   a c c e l e r a t e   t h e   e l e c t r o n s   t o w a r d   t h e  

e l e c t r o n   m u l t i p l i e r .   A m p l i f i c a t i o n   t a k e s   p l a c e   w i t h i n   t h e  

m u l t i p l i e r   and   t h e   r e s u l t i n g   s i g n a l   i s   b r o u g h t   f r o m   t h e  

v a c u u m   s y s t e m   to   an  e x t e r n a l   a m p l i f i e r   16  f o r   s i g n a l   p r o -  

c e s s i n g .   When  t h e   v o l t a g e   a p p l i e d   to   c o n v e r s i o n   d y n o d e   1 1  

i s   p o s i t i v e ,   as  shown  in   F i g u r e   2,  t h e n   n e g a t i v e   i o n s   17  a r e  

a t t r a c t e d   t o   t h e   s u r f a c e   of  t h e   d y n o d e   and   a  p r o c e s s   o f  

c h a r g e   c o n v e r s i o n   t a k e s   p l a c e .   P o s i t i v e   c h a r g e s   18  a r e  

f o r m e d   a n d   a t t r a c t e d   t o   t h e   f r o n t   s u r f a c e   o f   t h e   e l e c t r o n  

m u l t i p l i e r   and   m u l t i p l i e d   as  b e f o r e   w i t h   t h e   o u t p u t   s i g n a l  

b e i n g   a p p l i e d   to   t h e   a m p l i f i e r   1 6 .  

I t   i s   an  o b j e c t   o f   t h e   p r e s e n t   to   p r o v i d e   a  c o m p a c t   d e t e c t o r  

h a v i n g   t h e   a b i l i t y   to   d e t e c t   b o t h   p o s i t i v e   and   n e g a t i v e   i o n s  

a n d   w h i c h   i s   r e l a t i v e l y   low  in   b o t h   i n i t i a l   a n d   r e p l a c e m e n t  

c o s t s .  

The  d e t e c t o r   o f   t h e   p r e s e n t   i n v e n t i o n   u s e s   one   o r   m o r e  

m i c r o c h a n n e l   p l a t e s   as  t h e   e l e c t r o n   m u l t i p l i e r s   c o o p e r a t i n g  

w i t h   a  c o n v e r s i o n   d y n o d e .  

R e f e r r i n g   t o   t h e   d r a w i n g s :  

F i g u r e   1  i s   a  s c h e m a t i c   d i a g r a m   of   an  i o n   d e t e c t o r   i n c l u d i n g  

a  c o n v e r s i o n   d y n o d e   and  m u l t i p l i e r   i n   a c c o r d a n c e   w i t h   t h e  

p r i o r   a r t   f o r   d e t e c t i n g   p o s i t i v e   i o n s .  

F i g u r e   2  i s   a  s c h e m a t i c   d i a g r a m   of  an  i o n   d e t e c t o r   i n c l u d i n g  

a  c o n v e r s i o n   d y n o d e   and  e l e c t r o i   m u l t i p l i e r   in   a c c o r d a n c e  

w i t h   t h e   p r i o r   a r t   f o r   d e t e c t i n c   n e g a t i v e   i o n s .  

F i g u r e   3  s h o w s   an  i o n   d e t e c t o r   ii  a c c o r d a n c e   w i t h   t h e   p r e -  

s e n t   i n v e n t i o n   e m p l o y i n g   a  c o n v e r s i o n   d y n o d e   and   m i c r o 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   p l a t e .  

F i g u r e   4  s h o w s   a  s y s t e m   f o r   t e s t i n g   t h e   l i n e a r i t y   of  t h e  

d e t e c t o r   shown  in  F i g u r e   3 .  

F i g u r e s   5  and  6  show  t h e   d y n a m i c   r a n g e   of  an  i o n   d e t e c t o r   i n  

a c c o r d a n c e   w i t h   t h e   p r e s e n t   i n v e n t i o n .  

F i g u r e   7  s h o w s   a  r e s i s t i v e   d i v i d e r   f o r   p r o v i d i n g   v o l t a g e s  

f o r   t h e   d e t e c t o r .  

R e f e r r i n g   to   F i g u r e   3,  t h e   i o n   d e t e c t o r   in  a c c o r d a n c e   w i t h  

t h e   p r e s e n t   i n v e n t i o n   c o n s i s t s   of  a  c o n v e r s i o n   d y n o d e   21 

w h i c h   i s   b i a s e d   a t   e i t h e r   a  h i g h   p o s i t i v e   or   h i g h   n e g a t i v e  

p o t e n t i a l   and  w h i c h   c o n v e r t s   n e g a t i v e   or   p o s i t i v e   i o n s   t o  

p o s i t i v e   or   n e g a t i v e l y   c h a r g e d   p a r t i c l e s   as  p r e v i o u s l y  

d e s c r i b e d .   C l o s e l y   s p a c e d   f rom  and  in  c o o p e r a t i o n   w i t h   t h e  

o u t p u t   of   t h e   c o n v e r s i o n   d y n o d e   21  i s   a  m i c r o c h a n n e l   p l a t e  

22.  The  m i c r o c h a n n e l   p l a t e   has   a  v o l t a g e   a p p l i e d   t h e r e -  

a c r o s s   and  a c t s   as  an  e l e c t r o n   m u l t i p l i e r .   The  v o l t a g e   i s  

a p p l i e d   a c r o s s   t h e   m i c r o c h a n n e l   p l a t e   by  m a k i n g   e l e c t r i c a l  

c o n t a c t   23  and  24  to   i t s   u p p e r   and  l o w e r   b a s e s .  

M i c r o c h a n n e l   p l a t e   m u l t i p l i e r s   a r e   w e l l   k n o w n .   They  h a v e  

b e e n   d e s c r i b e d   in   a  n u m b e r   of  a r t i c l e s ,   f o r   e x a m p l e ,   in  t h e  

a r t i c l e   by  G.  W.  G o o d r i c h   and  W.  C.  W i l e y ,   " R e v i e w   of  S c i -  

e n t i f i c   I n s t r u m e n t s , "   32,  846 ,   ( 1 9 6 1 ) ;   i b i d ,   33,   761 ,   ( 1 9 5 2 ) .  

M i c r o c h a n n e l   p l a t e s   a r e   m a n u f a c t u r e d  b y   G a l i l e o   E l e c t r o -  

o p t i c s   C o r p o r a t i o n ,   M u l l a r d ,   L t d . ,   Va ro   E l e c t r o n   D e v i c e s ,  

and  ITT  E l e c t r o o p t i c s   D i v i s i o n   among  o t h e r s .   They  a r e   u s e d  

in  a  v a r i e t y   of   p r o d u c t s   as  a m p l i f i c a t i o n   d e v i c e s   a n d  

d e t a i l s   of  o p e r a t i o n ,   c o n s t r u c t i o n   and  a p p l i c a t i o n   a r e   g i v e n  

in  a r t i c l e s   by  J .   L.  W i z a ,   " N u c l e a r   I n s t r u m e n t s   and  M e t h o d s ,  

V o l .   162 ,   p a g e s   587  ( 1 9 7 9 ) ;   J.  C o r t e z   and  B.  L a p r a d e ,   " L o n g  

L i f e   M i c r o c h a n n e l   P l a t e "   p a p e r   No.  418 ,   T h i r t y - f i f t h   P i t t s -  

b u r g h   C o n f e r e n c e   on  A n a l y t i c a l   C h e m i s t r y   and  A p p l i e d   S p e c -  

t r o s c o p y ,   M a r c h   3,  1 9 8 4 .   B a s i c a l l y ,   in  o p e r a t i o n ,   e a c h   o f  

t h e   m i c r o c h a n n e l s   t u b e s   in  t h e   m i c r o c h a n n e l   p l a t e   a c t s   as  a  



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

o n e   end   of   t h e   c h a n n e l   d i s l o d g i n g   s e c o n d a r y   e l e c t r o n s .   T h e  

s e c o n d a r y   e l e c t r o n s   a r e   t h e n   a c c e l e r a t e d   down  t h e   c h a n n e l  

t u b e   by  t h e   e x t e r n a l   v o l t a g e   a p p l i e d   a c r o s s   t h e   c h a n n e l  

p l a t e   w i t h   s u f f i c i e n t   e n e r g y   t o   d i s l o d g e   a d d i t i o n a l   s e c o n d -  

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

to   m i l l i o n s   of   t i m e s   f o r   e a c h   p r i m a r y   e l e c t r o n .  

In  a c c o r d a n c e   w i t h   t h e   p r e s e n t   i n v e n t i o n ,   t h e   i o n   beam  w h i c h  

s t r i k e s   t h e   d y n o d e   f o r m s   many  p a r t i c l e s   w h i c h   i m p i n g e   u p o n  
t h e   m i c r o c h a n n e l   p l a t e   s u r f a c e   in   a  d i f f u s e d   m a n n e r ,   o v e r   a  

l a r g e   a r e a ,   r a t h e r   t h a n   as  a  f o c u s s e d   beam  on  a  s m a l l   n u m b e r  

of   c h a n n e l s .   T h i s   i n c r e a s e s   b o t h   t h e   d y n a m i c   r a n g e   a n d  

l i f e t i m e   o f   t h e   m i c r o c h a n n e l   p l a t e   as   an  e l e c t r o n   m u l t i p l i e r  

as   c o m p a r e d   to   u s e   w i t h o u t   t h e   c o n v e r s i o n   d y n o d e .   The  l o w e r  

p a r t   o f   t h e   m i c r o c h a n n e l   p l a t e   i s   b i a s e d   n e g a t i v e l y   w i t h  

r e s p e c t   t o   a  c o l l e c t o r   p l a t e   26  a l l o w i n g   e l e c t r o n s   e x i t i n g  

t h e   m i c r o c h a n n e l   p l a t e   to   be  a t t r a c t e d   to   t h e   s i g n a l   c o l l e c -  

t o r   p l a t e .   The  c u r r e n t   i s   a p p l i e d   to   an  e l e c t r o m e t e r   27  o r  

o t h e r   a m p l i f i e r .  

When  m i c r o c h a n n e l   p l a t e   d e t e c t o r s   h a v e   b e e n   u s e d   in   t h e   p a s t  

f o r   d e t e c t i o n   o f   i o n   b e a m s ,   t h e y   h a v e   n o t   p e r f o r m e d   s a t i s -  

f a c t o r i l y   and  l i n e a r l y   b e c a u s e   t h e   beam  i s   c o n c e n t r a t e d   on  a  

s m a l l   n u m b e r   of   c h a n n e l s   and  t h e   c h a n n e l s   b e c o m e   s a t u r a t e d .  

F u r t h e r ,   t h e   i n t e n s e   beams   s t r i k i n g   t h e   c h a n n e l   p l a t e s   h a v e  

s h o r t e n e d   t h e   l i f e   of  t h o s e   s m a l l   n u m b e r   o f   c h a n n e l s   u p o n  
w h i c h   t h e   beam  i m p i n g e s .   F u r t h e r ,   t h e   v o l t a g e   g r a d i e n t   t o  

w h i c h   t h e   i m p i n g i n g   i o n s   a r e   s u b j e c t e d   i s   l i m i t e d   to   t h e  

v o l t a g e   a p p l i e d   to   t h e   m i c r o c h a n n e l   p l a t e .   T h u s ,   A p p l i c a n t  

h a s   n o t   o n l y   p r o v i d e d   a d d i t i o n a l   a m p l i f i c a t i o n   by  u s e   of   t h e  

c o n v e r s i o n   d y n o d e ,   b u t   by  u s e   of  t h e   c o n v e r s i o n   d y n o d e   h a s  

s p r e a d   t h e   c h a r g e d   p a r t i c l e s   w h i c h   s t r i k e   t h e   m i c r o c h a n n e l  

p l a t e   t o   t h e r e b y   i m p r o v e   l i n e a r i t y   and  l i f e t i m e .   F u r t h e r -  

m o r e ,   t h e  u s e   o f   a  c o n v e r s i o n   d y n o d e   a l l o w s   a p p l i c a t i o n   o f  

v o l t a g e s   s u c h   t h a t   i m p i n g i n g   i o n s   w i l l   h a v e   i n c r e a s e d   e n e r -  

g i e s   o v e r   t h o s e   i o n s   a c c e l e r a t e d   to   a  c h a n n e l   p l a t e   a l o n e ,  



and  t h e   more   e n e r g e t i c   i o n s   w i l l   h a v e   i n c r e a s e d   p r o b a b i l i t y  

of  f r a g m e n t a t i o n .  

In  c e r t a i n   i n s t a n c e s   i t   may  be  d e s i r a b l e   to   o b t a i n   a d d i -  

t i o n a l   a m p l i f i c a t i o n .   In  s u c h   an  i n s t a n c e ,   m u l t i p l e   c h a n n e l  

p l a t e s   may  be  u s e d ,   one  f o l l o w i n g   t h e   o t h e r ,   w h e r e b y   t h e  

e l e c t r o n   beams   e m e r g i n g   f rom  t h e   f i r s t   c h a n n e l   p l a t e   s t r i k e  

t h e   s e c o n d   c h a n n e l   p l a t e   and  a r e   a m p l i f i e d   by  t h e   s e c o n d  

c h a n n e l   p l a t e   p r i o r   to   t h e   e l e c t r o n s   s t r i k i n g   t h e   c o l l e c t o r  

p l a t e .  

I t   i s   i m p o r t a n t   t h a t   any  d e t e c t o r   s y s t e m   h a v e   a  d y n a m i c  

r a n g e   w h i c h   w i l l   c o v e r   e x p e c t e d   s i g n a l   l e v e l s   e v e n   in  t h e  

p r e s e n c e   of  a  l a r g e   m a t r i x   b a c k g r o u n d .   T h a t   i s ,   i t   s h o u l d  

h a v e   a b i l i t y   to   p r o d u c e   an  o u t p u t   s i g n a l   p r o p o r t i o n a l   t o  

. c o n c e n t r a t i o n   of   a  c o m p o n e n t   o v e r   t h r e e   d e c a d e s   of  c o n c e n -  

t r a t i o n ,   e v e n   when  t h e   c o m p o n e n t   i s   a  f r a c t i o n   of  a  p e r c e n t  

of   t h e   o t h e r   c o m p o n e n t s   p r e s e n t .  

An  i o n   d e t e c t o r   in   a c c o r d a n c e   w i t h   t h e   p r e s e n t   i n v e n t i o n   w a s  

c o n s t r u c t e d   and  t e s t e d .   The  t e s t   s e t   up  i s   shown  in  F i g -  

u r e   4.  The  e x p o n e n t i a l   d i l u t i o n   f l a s k   was  p u r c h a s e d   f r o m  

V a r i a n   A e r o g r a p h .   In  t h e   e x p e r i m e n t   h e l i u m   c a r r i e r   gas   w a s  

s e t   to   10  p s i   by  t h e   p r e s s u r e   r e g u l a t o r .   The  f l a s k   w a s  

s t i r r e d   by  m e a n s   of   a  m a g n e t i c   s t i r r e r ,   in   o r d e r   to   mix  t h e  

s a m p l e   w i t h   t h e   e l u t i n g   g a s .   Leak  N o .  1   was  a d j u s t e d   s o  

t h a t   t h e   e x i t i n g   f l o w   f rom  t h e   f l a s k   was  a b o u t   50cc   p e r  
m i n u t e .   The  f l o w   i n t o   t h e   mass   s p e c t r o m e t e r ,   w i t h   v a l v e   1 

o p e n ,   was  a d j u s t e d   by  Leak  N o .  2   u n t i l   t h e   i n d i c a t e d   p r e s -  

s u r e   was  4  x  1 0   t o r r .   The  a c t u a l   v a l v e s   of  f l o w   w e r e  

m e a s u r e d   by  m e a n s   of  a  s o a p   b u b b l e   m e t e r ,   m a k i n g   m e a s u r e -  

m e n t s   w i t h   V a l v e   1  open   and  c l o s e d .   The  d i f f e r e n c e   i n  

m e a s u r e d   f l o w s   i s   t h e   f l o w   i n t o   t h e   mass   s p e c t r o m e t e r ,   w h i c h  

was  a b o u t   2 .7   cc  p e r   m i n u t e .   A  s a m p l e   of  a r g o n   gas   w a s  

i n j e c t e d   i n t o   t h e   d i l u t i o n   f l a s k ,   and  t h e   i n t e n s i t y   of  t h e  

a r g o n   peak   (m/e  =  40)  was  m o n i t o r e d   as  a  f u n c t i o n   of  t i m e .  

Two  m e t h o d s   of  m o n i t o r i n g   we re   u s e d :   1)  The  s p e c t r u m   f r o m  

m/e  26  to   45  was  r e c o r d e d   on  a  two  pen  s t r i p  c h a r t   r e c o r d e r ,  



u s i n g   a  1 0 0 - s e c o n d   s c a n ,   e v e r y   two  m i n u t e s .   2)  The  i n t e n -  

s i t y   of   t h e   m/e   =  40  p e a k   was  c o n t i n u o u s l y   m o n i t o r e d ,   u s i n g  

a  K e i t h l e y   m o d e l   614  e l e c t r o m e t e r ,   w i t h   r e a d i n g s   b e i n g   t a k e n  

as  a  f u n c t i o n   of   t i m e .   D a t a   was  p l o t t e d  o n   s e m i l o g   p a p e r ,  

w i t h   c o r r e c t i o n   b e i n g   made   f o r   b a c k g r o u n d   a r g o n .   D a t a   f r o m  

t h e   r e c o r d e r   t r a c e s   was  m e a s u r e d   w i t h   a  r u l e r   as  p e a k   h e i g h t ,  

and   n o r m a l i z e d .   E l e c t r o m e t e r   d a t a   was  p l o t t e d   in   n a n o a m p s .  

No  a t t e m p t   was  made   t o   c a l c u l a t e   t h e   a b s o l u t e   a m o u n t   o f  

s a m p l e   p r e s e n t .  

F i g u r e   5  i s   a  p l o t   o f   t h e   e l e c t r o m e t e r   d a t a .   The  b a c k g r o u n d  

v a l u e   f o r   m/e   =  40  was  0 . 4 8   n a n o a m p s ,   b e i n g   due   to   r e s i d u a l  

a i r   l e a k s   i n   t h e   s y s t e m .   ( B a s e   p r e s s u r e   was  2  x  1 0  6 . )  

T h i s  w a s   s u b t r a c t e d   f r o m   t h e   m e a s u r e d   r e a d i n g ;   b o t h   c o r -  

r e c t e d   and  u n c o r r e c t e d   r e a d i n g s   a r e   s h o w n .   The  i n i t i a l   l a g  

b e t w e e n   t h e   t i m e   t h e   s a m p l e   (1  ml  a r g o n   in  275  ml  f l a s k )   w a s  

i n j e c t e d   and   when  maximum  i n t e n s i t y   was  r e c o r d e d   i s   due   t o  

t h e   v o l u m e s   of   t h e   s y s t e m ,   e s p e c i a l l y   t h e   G r a n v i l l e - P h i l l i p s  

l e a k   v a l v e s .   A g a i n ,   a b s o l u t e   q u a n t i t i e s   w e r e   n o t   d e t e r -  

m i n e d .  

The  s t r i p   c u r r e n t   f o r   t h e   d e t e c t o r   w i t h   1 , 0 0 0   v o l t s   a c r o s s  

i t ,   i s   2 . 1   u a m p s .   The  m a n u f a c t u r e r ' s   l i t e r a t u r e   s t a t e s   t h a t  

t h e   o u t p u t   c u r r e n t   b e c o m e s   n o n - l i n e a r   a b o v e   10  p e r c e n t   o f  

t h i s   v a l u e ,   or   210  n a n o a m p s .   T h i s   p o i n t   i s   d r a w n   on  t h e  

g r a p h .   Some  d e v i a t i o n   f r o m   a  s t r a i g h t   l i n e   i s   i n d i c a t e d   o n  

F i g u r e   1  a t   t h e   h i g h   e n d ,   w h i c h   had   a  maximum  v a l u e   of   1 2 0  

n a n o a m p s .   P a r t   of   t h i s   may  be  due   to   t h e   t i m e   c o n s t a n t   o f  

t h e   m e a s u r i n g   s y s t e m .  

F i g u r e   6  i s   d a t a   t a k e n   by  s c a n n i n g   o v e r   t h e   m/e   =  40  p e a k  

and  m e a s u r i n g   t h e   p e a k   h e i g h t   in   m i l l i m e t e r s   f r o m   t h e  

r e c o r d e r   t r a c e .   The  p l o t   i s   p e a k   h e i g h t   in   mm,  n o r m a l i z e d  

to   a  r e c o r d e r   s e n s i t i v i t y   of   1  mv,  vs  t i m e .   B a c k g r o u n d  

c o r r e c t i o n   was  made  by  s u b t r a c t i n g   t h e   v a l u e   of   t h e   r e s i d u a l  

m/e   =  40  p e a k .   T h i s   s c a l e   c o r r e s p o n d s   to   0 . 5 1   x  1 0 - 1 2  

amps /mm,   and   t h e   max imum  p e a k   c u r r e n t   i s   5 0 . 6   n a n o a m p s   ( a  

f a c t o r   of   2 . 5   l o w e r   t h a n   F i g u r e   1 ) .   The  r e s u l t   i s   a  s t r a i g h t  



l i n e   w i t h   o v e r   t h r e e   d e c a d e s   o f   l i n e a r   d y n a m i c   r a n g e .   S i n c e  

b a c k g r o u n d   p e a k s   w e r e   a l s o   s c a n n e d ,   t h e   v a l u e s   f o r   m/3  =  44  

a r e   a l s o   i n c l u d e d ,   s h o w i n g   a  s y s t e m   s t a b i l i t y   d u r i n g   t h i s  

m e a s u r e m e n t .  

Thus  i t   i s   s e e n   t h a t   t h e   d e t e c t o r   s y s t e m   of  t h e   p r e s e n t  

i n v e n t i o n   h a s   t h e   n e c e s s a r y   d y n a m i c   r a n g e ,   e v e n   w i t h   h i g h  

b a c k g r o u n d   gas   p r e s s u r e s .  

The  m i c r o c h a n n e l   p l a t e s   may  h a v e   a  t e m p e r a t u r e   c o e f f i c i e n t  

of  r e s i s t a n c e .   T h u s ,   i f   t he   r e l a t i v e   v o l t a g e s   of  t h e  

d y n o d e ,   m i c r o c h a n n e l   p l a t e   and  c o l l e c t o r   a r e   o b t a i n e d   f rom  a  

s i n g l e   p o w e r   s u p p l y   by  means   of  a  r e s i s t i v e   v o l t a g e   d i v i d e r ,  

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

be  m a t c h e d   so  t h a t   t h e   v o l t a g e   r a t i o s   r e m a i n   c o n s t a n t   w i t h  

t e m p e r a t u r e .   Such   an  a r r a n g e m e n t   i s   shown  in  F i g u r e   7  w i t h  

t h e   d i v i d e r   f o r m e d   by  r e s i s t o r s   31,   3 2 , a n d   t h e   r e s i s t a n c e   o f  

t h e   m i c r o c h a n n e l   p l a t e .  

The  d e s i g n   of   t h e   i on   d e t e c t o r   may  p r o v i d e   f o r   m o v i n g   t h e  

m i c r o c h a n n e l   p l a t e   to   e x p o s e   d i f f e r e n t   p o r t i o n s   of   p l a t e   t o  

t h e   i o n s   f r o m   t h e   d y n o d e   so  t h a t   as  one  a r e a   w e a r s   a n o t h e r  

a r e a   may  be  u s e d .   A l t e r n a t e l y ,   t h e   d e s i g n   may  be  s u c h   t h a t  

m i c r o c h a n n e l   p l a t e s   may  be  r e p l a c e d   a f t e r   a  p r e d e t e r m i n e d  

p e r i o d   of  t i m e   f o r   s u r f a c e   r e n e w a l   w i t h o u t   c o m p l e t e   d i s a s -  

s e m b l y   of  d e t e c t o r   s t r u c t u r e .  

A n o t h e r   f e a t u r e   of   t h i s   s t r u c t u r e   i s   t h a t   when  s e p a r a t e  

p o w e r   s u p p l i e s   a r e   u s e d   t he   d y n o d e   and  m u l t i p l i e r   may  h a v e  

v o l t a g e s   a p p l i e d   s u c h   t h a t   t h e   g a i n   can   be  g r e a t l y   c h a n g e d  

by  l o w e r i n g   t h e   v o l t a g e   a p p l i e d   to   t h e   d y n o d e   to   be  e q u a l   t o  

t h a t   of  t h e   m i c r o c h a n n e l   p l a t e   w h i c h   a l l o w s   t h e   c u r r e n t  

t h r o u g h   t h e   m i c r o c h a n n e l   p l a t e   to   r e m a i n   c o n s t a n t   w h i l e  

r e d u c i n g   t h e   g a i n   of  t h e   s y s t e m .  

Thus  t h e r e   h a s   b e e n   p r o v i d e d   an  i m p r o v e d ,   c o m p a c t ,   l i n e a r  

i o n   d e t e c t o r   f o r   u se   in   mass   s p e c t r o m e t e r s   and  t h e   l i k e .  



1  An  i on   d e t e c t o r   c o m p r i s i n g   a  c o n v e r s i o n   d y n o d e   f o r  

r e c e i v i n g   a t   i t s   i n p u t   c h a r g e d   p a r t i c l e s   and  f o r   d e l i v e r i n g  

a t   i t s   o u t p u t   c h a r g e d   p a r t i c l e s   s u c h   t h a t   t h e   l a t t e r   p a r -  

t i c l e s   l e a v e   t h e   o u t p u t   of  s a i d   d y n o d e   in  a  d i f f u s e d   m a n n e r  

and  a  m i c r o 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   d i s p o s e d   a d j a c e n t  

s a i d   c o n v e r s i o n   e l e c t r o d e   to   r e c e i v e   s a i d   d i f f u s e d   c h a r g e d  

p a r t i c l e s   f r o m   t h e   o u t p u t   of   t h e   c o n v e r s i o n   d y n o d e   and  a  

c o l l e c t o r   e l e c t r o d e   f o r   r e c e i v i n g   e l e c t r o n s   e x i t i n g   t h e  

m i c r o c h a n n e l   p l a t e .  

2.  An  i o n   d e t e c t o r   as   i n   C l a i m   1  i n c l u d i n g   a  r e s i s t i v e  

d i v i d e r   f o r   p r o v i d i n g   v o l t a g e s   to   s a i d   c o n v e r s i o n   d y n o d e ,  

a c r o s s   s a i d   m i c r o c h a n n e l   p l a t e   and   to   s a i d   c o l l e c t o r   e l e c -  

t r o d e .  

3.  An  i o n   d e t e c t o r   as   in   C l a i m   2  in   w h i c h   t h e   r e s i s t i v e  

n e t w o r k   has   a  t e m p e r a t u r e   c o e f f i c i e n t   of   r e s i s t a n c e   m a t c h e d  

t o  t h a t   of   t h e   m i c r o c h a n n e l   p l a t e .  

4.  An  i o n   d e t e c t o r   as  i n   C l a i m   1  i n   w h i c h   two  m i c r o c h a n n e l  

p l a t e s   in   s e r i e s   a r e   u s e d   as   e l e c t r o n   m u l t i p l i e r s .  
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