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Ion  source. 
An  ion  source  in  which  a  gaseous  material,  the  source  of 

the  ions,  is  excited  to  a  plasma  state  by  means  of  a  radio 
Frequency  electromagnetic  field.  The  wall  of  the  chamber 
containing  the  plasma  is  maintained  at  a  high  temperature 
and  there  is  provided  a  solenoidal  or  radial  multipolar 
electric  field  thereby  to  cause  the  ion  source  to  produce 
atomic  rather  than  malecular  ions. 
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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  ion  s o u r c e s .  

Ion   s o u r c e s   a r e   known  in  wh ich   a  g a s e o u s   m a t e r i a l ,  

i o n s   of  w h i c h   a r e   to  be  g e n e r a t e d ,   is   e x c i t e d   to   a  f u l l y  

i o n i s e d ,   or  p l a s m a ,   s t a t e   by  means   of  r a d i o - f r e q u e n c y  

a l t e r n a t i n g   f i e l d s .   The  d e s i r e d   i o n s   a r e   t h e n   e x t r a c t e d  

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

one  or  more   e x t r a c t i o n   e l e c t r o d e s .  

Such  s o u r c e s   as  a r e   known ,   h o w e v e r ,   p r o d u c e  

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

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

in  s e m i c o n d u c t o r   s u b s t r a t e s   f o r   use   in  t h e   p r o d u c t i o n   o f  

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

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

c i r c u i t s ,   m o l e c u l a r   i o n s   a r e   d e l e t e r i o u s .  

An  o b j e c t   of  t h e   p r e s e n t   i n v e n t i o n   t h e r e f o r e   is   t o  

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

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

A c c o r d i n g   to  t h e   p r e s e n t   i n v e n t i o n   t h e r e   is   p r o v i d e d  

an  ion   s o u r c e ,   c o m p r i s i n g   a  c h a m b e r   w h i c h   can   be  e v a c u a t e d ,  

means   f o r   i n t r o d u c i n g   i n t o   t h e   c h a m b e r   in  a  g a s e o u s   s t a t e   a  

m a t e r i a l   i o n s   of  w h i c h   a r e   to  be  p r o v i d e d   by  t h e   s o u r c e ,  

means   f o r   a p p l y i n g   an  a l t e r n a t i n g   e l e c t r o m a g n e t i c   f i e l d   t o  

t h e   g a s e o u s   med ium  w h e r e b y   i t   can  be  e x c i t e d   to   a  p l a s m a  

s t a t e ,   means   f o r   a p p l y i n g   an  e l e c t r i c   f i e l d   t o   e x t r a c t   i o n s  

f rom  t h e   p l a s m a ,   means   f o r   m a i n t a i n i n g   t he   w a l l s   of  t h e  

c h a m b e r   a t   an  e l e v a t e d   t e m p e r a t u r e ,   and  m e a n s   f o r   a p p l y i n g  

a  s o l e n o i d a l   or  r a d i a l   m u l t i p o l a r   m a g n e t i c   f i e l d   to  a  

p l a s m a   w i t h i n   t h e   c h a m b e r .  



The  e n e r g y   r e q u i r e d   to   h e a t   t h e   w a l l s   of   t h e   c h a m b e r  

may  be  d e r i v e d   f rom  t h e   p l a s m a   or  a p p l i e d   f r o m   an  e x t e r n a l  

s o u r c e .  

By  a l l o w i n g   t h e   w a l l s   of  t h e   c h a m b e r   t o   r e a c h   a  

t e m p e r a t u r e   in  t h e   r e g i o n   of  600°C  and  a p p l y i n g   t h e  

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

w i t h i n   i t   can  be  r a i s e d   to   a  v a l u e   s u c h   t h a t   t h e   m o l e c u l e s  

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

r e c o m b i n i n g .   Thus  t h e   ion   s o u r c e   w i l l   p r o d u c e  

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

be  r e m o v e d   by  means   of  a  m a g n e t i c   a n a l y s e r .  

P r e f e r a b l y ,   t h e   i o n   s o u r c e   i n c l u d e s   an  e x t r a c t o r  

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

as  to  p r o d u c e   a  p l u r a l i t y   of  p a r a l l e l   i n d i v i d u a l   b e a m s .  

The  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  

e x a m p l e ,   w i t h   r e f e r e n c e   to   t h e   a c c o m p a n y i n g   d r a w i n g s ,   i n  

w h i c h  

F ig   1  i s   a  s c h e m a t i c   r e p r e s e n t a t i o n   of  one  e m b o d i m e n t  

of  t he   i n v e n t i o n ,   a n d  

Fig   2  i s   a  s c h e m a t i c   r e p r e s e n t a t i o n   of  a  s e c o n d  

e m b o d i m e n t   of  t he   i n v e n t i o n .  

Fig   3  i s   a  d i a g r a m m a t i c   r e p r e s e n t a t i o n   of  an  ion   b e a m  

g e n e r a t o r   e m b o d y i n g   t h e   i n v e n t i o n .  

R e f e r r i n g   to   F i g u r e   1,  an  ion  s o u r c e   c o m p r i s e s   a  

c h a m b e r   1  some  700  mm  in  d i a m a t e r   t h e   w a l l   2  of  w h i c h   i s  

made  of  q u a r t z .   In  t h e   w a l l   2  a r e   a  f i r s t   p o r t   3  by  m e a n s  

of  w h i c h   t h e   c h a m b e r   3  can   be  e v a c u a t e d ,   and  a  s e c o n d   p o r t  



4  by  means   of  w h i c h   a  v o l a t i l e   or  g a s e o u s   m a t e r i a l ,   i o n s   o f  

w h i c h   a r e   to  be  p r o v i d e d   by  the   s o u r c e ,   can   be  i n t r o d u c e d  

i n t o   t h e   c h a m b e r   1.  S u r r o u n d i n g   t h e   c h a m b e r   1  is   a  c o i l   5 

t h r o u g h   w h i c h   an  e l e c t r i c   c u r r e n t   can   be  p a s s e d   f rom  a  

r a d i o - f r e q u e n c y   p o w e r   s o u r c e   6  of  a  known  t y p e ,   w h i c h   w i l l  

n o t   be  d e s c r i b e d   f u r t h e r .   The  f r e q u e n c y   and  power   o u t p u t  

of  t he   power   s o u r c e   6  a re   s u c h   t h a t   t h e   m a t e r i a l   i n t r o d u c e d  

i n t o   t he   c h a m b e r   1  i s   f u l l y   e x c i t e d   i n t o   t he   p l a s m a   s t a t e .  

A l s o   c o n n e c t e d   to   t he   c o i l  5   is  a  s e c o n d   power   s o u r c e   7 

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

f i e l d   8  in  t h e   r e g i o n   of  t he   m a j o r   p a r t   of  t he   w a l l   2  o f  

t h e   c h a m b e r   1.  Two  c o i l s   9  and  10,  r e s p e c t i v e l y   a r e  

p r o v i d e d   to   i s o l a t e   t he   power   s o u r c e   7  f rom  the   r a d i o  

f r e q u e n c y   c u r r e n t   in  t he   c o i l   5.  S i t u a t e d   w i t h i n   t h e  

c h a m b e r   1  is   a  q u a r t z   p l a t e   11  t h e   f u n c t i o n   of  w h i c h   is   t o  

p r e v e n t   e l e c t r o n s   f rom  i m p i n g i n g   on  t h o s e   p a r t s   of  t he   w a l l  

2  of  t h e   c h a m b e r   1  to   wh ich   t he   s o l e n o i d a l   m a g n e t i c   f i e l d   8 

d o e s   no t   r e a c h .  

A  m e t a l   p l a t e   12  d e f i n e s   an  e x i t   h o l e   f o r   i o n s  

p r o d u c e d   by  t h e   s o u r c e ,   and  a l s o   a c t s   as  an  e x t r a c t i o n  

e l e c t r o d e .  

In  use  t h e   w a l l   2  of  t he   c h a m b e r   1  b e c o m e s   h e a t e d   to  a  

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

r e s u l t   of  b o m b a r d m e n t   by  the   c o n s i t u e n t s   of  t he   p l a s m a  

w i t h i n   t he   c h a m b e r   1.  The  o p e r a t i n g   t e m p e r a t u r e   of  t h e  

w a l l   2  of  t he   c h a m b e r   1  i s   no t   c r i t i c a l   b u t   d o e s   have   a n  

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

in  t he   c h a m b e r   1.  For  e x a m p l e ,   i f   t h e   g a s e o u s   m a t e r i a l   i s  

o x y g e n   a t   a  p r e s s u r e   of  a b o u t   0 .7   m  T o r r ,   t h e n   a  w a l l  

t e m p e r a t u r e   of  a b o u t   600°C  is   a p p r o p r i a t e .   If  n e c e s s a r y ,  

e x t e r n a l   h e a t i n g   or  c o o l i n g   means   can  be  p r o v i d e d .   In  t h e  

d r a w i n g s   c o o l i n g   c o i l s   13  a r e   s h o w n .  



In  a  p l a s m a   mos t   of  t h e   t e n d e n c y   f o r   the   e l e c t r o n s   a n d  

i o n s   to   r e c o m b i n e   o c c u r s   at   i t s   p e r i p h e r y .   A l s o ,   in  t h e s e  

c o o l e r   r e g i o n s   n e u t r a l   a t oms   r e c o m b i n e   to   form  m o l e c u l e s .  

The  ho t   w a l l   2  of  t h e   c h a m b e r   1  and  t h e   m a g n e t i c   f i e l d   8 

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

in  t h e   p l a s m a   and  a l s o   t h e   f l u x   of  i o n s   to  t he   w a l l   2  o f  

t h e   c h a m b e r   1.  The  n e t   r e s u l t   is   to   e n h a n c e   g r e a t l y   t h e  

n u m b e r   of  a t o m i c   i o n s   p r o d u c e d   by  t h e   s o u r c e   c o m p a r e d   w i t h  

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

s o u r c e .  

F i g u r e   2  s h o w s   a  s e c o n d   e m b o d i m e n t   of  t he   i n v e n t i o n   i n  

w h i c h   t h e   m a g n e t i c   f i e l d   8  is  p r o v i d e d   by  a  number   o f  

m a g n e t s   21  and  i s   m u l t i p o l a r   in  f o r m .   The  ion  s o u r c e  

o p e r a t e s   in  t h e   same  way  as  t he   f i r s t   e m b o d i m e n t   a n d  

t h e r e f o r e   w i l l   n o t   be  d e s c r i b e d   f u r t h e r .   Those   c o m p o n e n t s  

w h i c h   a r e   common  to  b o t h   e m b o d i m e n t s   have   t h e   s a m e  

r e f e r e n c e   n u m e r a l s .  

I f   t h e   s o u r c e   i s   to   be  u s e d   to   p r o d u c e   i o n s   of  a  

m a t e r i a l   w h i c h   n o r m a l l y   i s   in  a  s o l i d   or  l i q u i d   f o rm  t h e n  

t h e   p o r t   4  can   be  c o n n e c t e d   to  a  f u r n a c e   in  w h i c h   t h e  

m a t e r i a l   can  be  v a p o u r i s e d .  

R e f e r r i n g   to   F ig   3  of  t he   d r a w i n g s ,   an  ion   b e a m  

g e n e r a t o r   e m b o d y i n g   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  

v a c u u m   c h a m b e r   30  w h i c h   has   two  p o r t s   32  and  33  t h r o u g h  

w h i c h   i t   can  be  e v a c u a t e d .   One  end  of   t h e   vacuum  c h a m b e r  

30  i s   b o l t e d   to   a  b a s e   p l a t e   25  w h i c h   has   a  c e n t r a l   h o l e   2 6  

in  i t   t h r o u g h   w h i c h   an  ion  beam  27  can  e n t e r   t he   v a c u u m  

c h a m b e r   1 .  

P o s i t i o n e d   in  t h e   p a t h   of  t he   ion   beam  27  i s   a n  

e l e c t r o m a g n e t   a s s e m b l y   28.  The  e l e c t r o m a g n e t   a s s e m b l y   28  

p r o v i d e s   a  f i r s t   m a g n e t i c   f i e l d   29 '   w h i c h   is   d i r e c t e d   o u t  

of  t h e   p l a n e   of  t h e   p a p e r   on  w h i c h   t h e   f i g u r e   i s   d r a w n ,   a n d  



a  s e c o n d   m a g n e t i c   f i e l d   2 9 ' '   d i r e c t e d   in  t he   o p p o s i t e  

d i r e c t i o n .   The  e l e c t r o m a g n e t   a s s e m b l y   28  has   a  c o r e   3 1  

w h i c h   is   in  t he   fo rm  of  a  c o m p l e t e   l o o p   w h i c h   i s   c u t   t o  

p r o v i d e   two  p a i r s   of  p o l e   p i e c e s   34  and  35.  A p p r o p r i a t e l y  

c o n n e c t e d   p a i r s   of  c o i l s   14  and   15,  r e s p e c t i v e l y ,   a r e   w o u n d  

upon   t he   p a i r s   of  p o l e   p i e c e s   34  and   35.  The  p a i r   of  p o l e  

p i e c e s   35  c a r r i e s   a  n u m b e r   of  w a t e r - c o o l e d   p l a t e s   16  w h i c h  

a r e   so  p o s i t i o n e d   as  to   i n t e r c e p t   t h o s e   c o m p o n e n t s   of  t h e  

ion  beam  27  w h i c h   have   m a s s - c h a r g e   r a t i o s   o t h e r   t h a n   t h a t  

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

a n a l y s e r   is  i n t e n d e d   to  p r o d u c e .   The  p a i r   of  p o l e   p i e c e s  

35  a l s o   c a r r y   a  s t r u c t u r e   17  w h i c h   d e f i n e s   an  e x i t   s l i t   1 8 .  

The  p l a t e s   16  and  t h e   s t r u c t u r e   17  a r e   w a t e r - c o o l e d .  

M o u n t e d   on  t h e   v a c u u m   c h a m b e r   30  o p p o s i t e   t h e   i n c o m i n g   i o n  

beam  27  is  a  beam  dump  19  w h i c h   i s   a r r a n g e d   to  i n t e r c e p t  

and  a b s o r b   t he   e n e r g y   of  t h e   i on   beam  27  in  t he   a b s e n c e   o f  

any  m a g n e t i c   f i e l d s   b e i n g   p r o d u c e d   by  the   e l e c t r o m a g n e t  

a s s e m b l y   2 8 .  

The  ion  beam  27  i s   p r o d u c e d   by  an  a n c i l l i a r y   a s s e m b l y  

20  a t t a c h e d   to  t h e   v a c u u m   c h a m b e r   30.  The  a s s e m b l y   2 0  

i n c l u d e s   a  r a d i o - f r e q u e n c y   p l a s m a   ion   s o u r c e   21  a s  

d e s c r i b e d   w i t h   r e f e r e n c e   to   F i g s   1  and  2.  A s s o c i a t e d   w i t h  

t h e   p l a s m a   ion  s o u r c e   21  a r e   t h r e e   g r i d   h o l d e r s   a n d  

e x t r a c t i o n   e l e c t r o d e s   22  w h i c h   b e t w e e n   them  d e f i n e   a  s e r i e s  

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

t o g e t h e r   make  up  t h e   ion  beam  27.  The  l o n g e r   a x e s   of  t h e  

b e a m l e t s   a r e   a l i g n e d   p a r a l l e l   w i t h   t h e   m a g n e t i c   f i e l d s   2 9 '  

and  2 9 " .  

In  u s e ,   t h e   m a g n e t i c   f i e l d   2 9 '   d i v e r t s   t he   beam  27  t o  

i t s   r i g h t   as  s h o w n ,   and  s e p a r a t e s   i t   i n t o   i t s   c o n s t i t u e n t  

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

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

i m p i n g e   on,   and  a r e   a b s o r b e d   by,   t h e   p l a t e s   16.  I o n s  



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

c e n t r e d   on  t h e   d e s i r e d   v a l u e   a r e   d e f l e c t e d   in  t he   o p p o s i t e  

d i r e c t i o n   by  t h e   s e c o n d   m a t g n e t i c   f i e l d   2911  and  a r e  

b r o u g h t   to   f o c i   a t   t he   s t r u c t u r e   17.  The  s l i t   18  a l l o w s  

o n l y   t h o s e   i o n s   h a v i n g   the   e x a c t   m a s s - c h a r g e   r a t i o   d e s i r e d  

to  p a s s   t h r o u g h   and  e m e r g e   as  a  s h a r p l y - d i v e r g i n g   beam  23  

of  r e c t a n g u l a r   c r o s s - s e c t i o n   of  t he   d e s i r e d   ion   s p e c i e s .  

Al l   t h e   o t h e r   i o n s   a r e   i n t e r c e p t e d   by  t h e   s t r u c t u r e   1 7 ,  

w h i c h   a l s o   i s   w a t e r - c o o l e d .  

The  e m e r g i n g   ion   beam  23  may  show  some  r e s i d u a l  

s t r u c t u r e   a r i s i n g   f rom  the   b e a m l e t s .   If  t h i s   is   s o ,   a n d  

i t s   e f f e c t s   a r e   j u d g e d   to   be  u n d e s i r a b l e ,   t h e n   t h i s   can  b e  

r e d u c e d ,   or  r e m o v e d   by  a  number   of  m e t h o d s ,   f o r   e x a m p l e :  

a)  by  m o d u l a t i n g   t he   e n e r g y   of  t h e   i n p u t   beam  2 7 ,  

b)  by  m o d u l a t i n g   the   m a g n e t i c   f i e l d s   29 '   a n d  

2011  o r  

c)  by  e l e c t r o s t a t i c a l l y   s w e e p i n g   t he   ion   beams  d u r i n g  

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

b e t w e e n   t h e   m a g n e t i c   f i e l d s   29 '   and  2 9 "   o r  

d)  by  a l l o w i n g   a  c o n t r o l l e d   m e a s u r e   of  d i v e r g e n c e   i n  

a t   l e a s t   one  of  t h e   b e a m l e t s   w h i c h   make  up  t he   i o n  

beam  2 7 .  



1.  An  i o n   s o u r c e ,   c o m p r i s i n g   a  c h a m b e r   w h i c h   can  b e  

e v a c u a t e d ,   means   f o r   i n t r o d u c i n g   i n t o   t he   c h a m b e r   in  a  

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

by  t h e   s o u r c e ,   means   f o r   a p p l y i n g   an  a l t e r n a t i n g  

e l e c t r o m a g n e t i c   f i e l d   to  t h e   g a s e o u s   med ium  w h e r e b y   i t   c a n  

be  e x c i t e d   to  a  p l a s m a   s t a t e ,   means   f o r   a p p l y i n g   a n  

e l e c t r i c   f i e l d   to  e x t r a c t   i o n s   f rom  the   p l a s m a ,   w h e r e i n  

t h e r e   is   p r o v i d e d   means   (13)   f o r   m a i n t a i n i n g   t h e   w a l l s   o f  

the   c h a m b e r   a t   an  e l e v a t e d   t e m p e r a t u r e ,   and  means   5,  7,  9 ,  

10,  21)  f o r   a p p l y i n g   a  s o l e n o i d a l   or  r a d i a l   m u l t i p o l a r  

m a g n e t i c   f i e l d   (8)  to  a  p l a s m a   w i t h i n   t he   c h a m b e r .  

2.  An  i o n   s o u r c e   a c c o r d i n g   to  c l a i m   1  w h e r e i n   t h e   m e a n s  

(22)   f o r   a p p l y i n g   an  e l e c t r i c   f i e l d   to  e x t r a c t   i o n s   f r o m  

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

p a r a l l e l   s l i t s   f o r m e d   in  i t   so  as  to   p r o v i d e   a  p l u r a l i t y   o f  

e l o n g a t e d   p a r a l l e l   b e a m l e t s .  

3.  An  i o n   s o u r c e   a c c o r d i n g   to  c l a i m   1  or   c l a i m   2  w h e r e i n  

t he   m e a n s   (13)   f o r   m a i n t a i n i n g   t he   w a l l s   of  t h e   c h a m b e r   a t  

a  h i g h   t e m p e r a t u r e   is  a d a p t e d   to  m a i n t a i n   t h e   w a l l s   of  t h e  

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

d e g r e e s   c e l s i u s .  

4.  An  ion   s o u r c e   a c c o r d i n g   to  any  of  c l a i m s   1  to   3  i n  

a s s o c i a t i o n   w i t h   a  m a g n e t i c   a n a l y s e r   (28 ,   14,  15,  16,  1 7 ,  

18,  34,  35)  a d a p t e d   to  s e l e c t   o n l y   i o n s   h a v i n g   a  

p r e d e t e r m i n e d   mass   to  c h a r g e   r a t i o .  

5.  An  i on   s o u r c e   and  m a g n e t i c   a n a l y s e r   a c c o r d i n g   to  c l a i m  

4  w h e r e i n   t h e   m a g n e t i c   a n a l y s e r   (28,   14,  15,  16,  17,  1 8 ,  

34,  35)  i n c l u d e s   means   (4,  15,  34,  35)  f o r   p r o v i d i n g   t w o  

a n t i - p a r a l l e l   m a g n e t i c   f i e l d s   (29 '   29")   and  t h e   s a i d  

b e a m l e t s   of  i o n s   a re   a r r a n g e d   to  p a s s   o r t h o g o n a l l y   t h r o u g h  



t h e m   s e q u e n t i a l l y ,   t he   f i r s t   m a g n e t i c   f i e l d   ( 2 9 ' )   s e r v i n g  

to   s e l e c t   i o n s   of  t h e   g i v e n   mass   to  c h a r g e   r a t i o ,   and  t h e  

s e c o n d   m a g n e t i c   f i e l d   ( 2 9 " )   s e r v i n g   to  b r i n g   t h e   s e l e c t e d  

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

( 2 3 ) .  
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