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(54)  Liquid  metal  ion  source. 
©  A  liquid  metal  ion  source  has  a  carrier  strip  3  which 
melts  and  holds  a  substance  5  being  ionized,  a  needle  anode 
1  located  so  that  its  pointed  tip  projects  the  ions  of  the 
molten  substance  supplied  by  the  carrier  strip,  and  a 
draw-out  electrode  7  to  apply  a  strong  electric  field  between 
itself  and  the  anode,  thereby  drawing  out  the  ions  from  the 
pointed  tip  of  the  anode.  The  ion  source  has  a  thermal 
stress-absorbing  element  10  installed  between  the  needle 
anode  and  its  support  2,  or  a  plurality  of  such  members 
between  the  carrier  strip  and  its  supports,  to  take  up  the 
thermal  stresses  that  would  result  from  the  difference  in 
thermal  expansion  coefficients  between  the  needle  anode 
and  the  carrier  strip  when  both  are  secured  to  their  supports, 
and  which  would  damage  the  connected  components. 
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A   liquid  metal  ion  source  has  a  carrier  strip  3  which 
melts  and  holds  a  substance  5  being  ionized,  a  needle  anode 
1  located  so  that  its  pointed  tip  projects  the  ions  of  the 
molten  substance  supplied  by  the  carrier  strip,  and  a 
draw-out  electrode  7  to  apply  a  strong  electric  field  between 
itself  and  the  anode,  thereby  drawing  out  the  ions  from  the 
pointed  tip  of  the  anode.  The  ion  source  has  a  thermal 
stress-absorbing  element  10  installed  between  the  needle 
anode  and  its  support  2,  or  a  plurality  of  such  members 
between  the  carrier  strip  and  its  supports,  to  take  up  the 
thermal  stresses  that  would  result  from  the  difference  in 
thermal  expansion  coefficients  between  the  needle  anode 
and  the  carrier  strip  when  both  are  secured  to  their  supports, 
and  which  would  damage  the  connected  components. 



T h i s   i n v e n t i o n   r e l a t e s   to   a  l i q u i d   m e t a l  

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

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

ion   beam  f r o m   t h e   s u b s t a n c e .  

Such  a  s o u r c e   can  p r o v i d e   an  ion  beam  o f  

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

f i e l d .   In  p a r t i c u l a r ,   t h e   i n v e n t i o n   i s   i n t e n d e d  

to  make  i t   p o s s i b l e   to   e x t e n d   t h e   l i f e   and  i n c r e a s e  

t h e   r e l i a b i l i t y   of  an  i o n   s o u r c e   of  t h i s   t y p e ,   s o  

t h a t   t h e   d e v i c e   may  be  e m p l o y e d ,   f o r   e x a m p l e ,   a s  

an  i on   s o u r c e   f o r   ion   m i c r o b e a m   e q u i p m e n t .  

The  p r i o r - a r t   t e c h n i q u e s   and  i t s   p r o b l e m s  

w i l l   now  be  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  a n d  

2  of  t h e   a c c o m p a n y i n g   d r a w i n g s .  

F i g .   1  shows  t h e   b a s i c   c o n s t r u c t i o n   of  a  

c o n v e n t i o n a l   l i q u i d   m e t a l   i o n   s o u r c e   u s i n g   a  n e e d l e  

a n o d e .   The  a n o d e   1  i s   c o n n e c t e d - t o ,   and  h e l d   b y ,  

a  s u p p o r t   2.  A  c a r r i e r   s t r i p   3,  w h i c h   a l s o   a c t s  

as  an  e l e c t r i c   h e a t e r   f o r   m e l t i n g   an  i o n i z a b l e  

s u b s t a n c e   5,  i s   s e c u r e d   a t   p o i n t s   n e a r   e a c h   end  b y  

a  p a i r   of  s u p p o r t   e l e c t r o d e s   4a ,   4b.  The  n e e d l e  

a n o d e   1  e x t e n d s   d o w n w a r d   t h r o u g h   a  h o l e   6  f o r m e d  

in  t h e   c e n t r e   of  t h e   s t r i p   3.  W h i l e   t h e   i o n i z a b l e  



s u b s t a n c e   5  i s   m o l t e n ,   t h e   n e e d l e   a n o d e   1  and  t h e  

c a r r i e r   s t r i p   3  a r e   n o t   in  c o n t a c t   and  a r e   f r e e   t o  

move  r e l a t i v e   to   e a c h   o t h e r .   As  t h e   t e m p e r a t u r e  

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

5  s o l i d i f i e s   to   c o n n e c t   t h e   a n o d e   1  and  t h e   s t r i p  

3  s e c u r e l y   t o g e t h e r .   In  o p e r a t i o n ,   t h e   h e a t e r   3 

is   s w i t c h e d   on  to   m e l t   t h e   i o n i z a b l e   s u b s t a n c e   5 ,  

and  an  e l e c t r i c   f i e l d   of  a  d o z e n   or  so  k i l o v o l t s  

i s   a p p l i e d   b e t w e e n   t h e   n e e d l e   a n o d e   1  and  a  d r a w -  

o u t   e l e c t r o d e   7.  I o n i z a t i o n   t h e n   t a k e s   p l a c e   a n d  

t h e   r e s u l t a n t   i o n s   8  can   be  d r a w n   f r o m   t h e   p o i n t e d  

t i p   of  t h e   n e e d l e   a n o d e   1  d o w n w a r d   t h r o u g h   a  c o r r e s -  

p o n d i n g   a p e r t u r e   9  f o r m e d   in   t h e   d r a w - o u t   e l e c t r o d e   7 .  

The  p r i o r   a r t   c o n s t r u c t i o n   has   t h e   f o l l o w i n g  

p r o b l e m s .   When  an  i o n i z a b l e   s u b s t a n c e   5  of  a  h i g h  

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

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

a m b i e n t   t e m p e r a t u r e .   A c c o r d i n g l y ,   when  t h e   i o n   s o u r c e  

i s   s w i t c h e d   on  and  o f f   a l t e r n a t e l y   to   m e l t   and  s o l i d i f y  

t h e   s u b s t a n c e   5,  t h e   d i f f e r e n c e   in  l i n e a r   e x p a n s i o n  

c o e f f i c i e n t s   b e t w e e n   t h e   n e e d l e   a n o d e   1  and  t h e   s u p p o r t  

e l e c t r o d e s   4a ,   4b  w i l l   p r o d u c e   t h e r m a l   s t r a i n s   i n  

t h e   e l e c t r o d e   1  and  t h e   c a r r i e r   s t r i p   3.  For   e x a m p l e ,  

when  t h e   d e v i c e   i s   s w i t c h e d   on  so  t h a t   e l e c t r i c i t y  

i s   s u p p l i e d ,   t h e   n e e d l e   a n o d e   1,  w h i c h   has   a  g r e a t e r  



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

e x p a n d   more  t h a n   t h e   s u p p o r t   m e m b e r s   4a ,   4b.  H o w e v e r ,  

t h e   i o n i z a b l e   s u b s t a n c e   5,  w h i c h   r e m a i n s   s o l i d   f o r  

some  t i m e ,   c o n t i n u e s   to   j o i n   t h e   a n o d e   1  and  t h e  

s t r i p   3  t o g e t h e r .   T h i s   c r e a t e s   t e n s i l e   s t r e s s e s  

a c t i n g   on  t h e   a n o d e   1  and  c o m p r e s s i v e   s t r e s s e s  

a c t i n g   on  t h e   s u p p o r t s   4a,   4b,  w h i l e   t h e   c a r r i e r  

s t r i p   3  i s   s u b j e c t e d   to   b e n d i n g ,   s h e a r i n g ,   and  o t h e r  

s t r e s s e s .   The  t h e r m a l   s t r e s s e s   t e n d   to   b r e a k   t h e  

n e e d l e   1  and  t h e   s t r i p   3,  e s p e c i a l l y   t h e   l a t t e r   w h i c h  

is   o f t e n   made  of  c a r b o n   and  i s   more   s u s c e p t i b l e   t o  

s t r e s s .   The  r e s u l t   i s   an  i o n   s o u r c e   w i t h   l o w  

r e l i a b i l i t y .  

The  p r e s e n t   i n v e n t i o n   has   f o r   i t s   o b j e c t  

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

a m e l i o r a t e s   or  r e m o v e s   t h i s   p r o b l e m   of  t h e   p r i o r  

a r t ,   and  w h i c h   can  have   h i g h   r e l i a b i l i t y   and  a  l o n g  

l i f e   in  s p i t e   of  t e m p e r a t u r e   c h a n g e s .  

The  i n v e n t i o n   p r o p o s e s   i m p r o v e m e n t   of  t h e  

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

and  i t s   s u p p o r t .   The  i n v e n t i o n   p r o v i d e s   a  l i q u i d  

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

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

n e e d l e   a n o d e   l o c a t e d   so  t h a t   t h e   p o i n t e d   t i p   t h e r e o f  

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



by  t h e   c a r r i e r ,   and  a  d r a w - o u t   e l e c t r o d e   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   b e t w e e n   i t s e l f   and  t h e   a n o d e   t o  

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

c h a r a c t e r i z e d   in  t h a t   a t   l e a s t   one  e l e m e n t   or   m e m b e r  

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

in  t h e   a n o d e   and  t h e   c a r r i e r   by  t h e   t e m p e r a t u r e   c h a n g e s  

of  t h e   n e e d l e   a n o d e .  

E m b o d i m e n t s   of  t h e   i n v e n t i o n   w i l l   now  b e  

d e s c r i b e d   by  way  of  e x a m p l e   w i t h   r e f e r e n c e   t o   t h e  

a c c o m p a n y i n g   d r a w i n g s ,   in   w h i c h : -  

F i g .   1  i s   a  s c h e m a t i c   v i ew  of  t h e   c o n v e n t i o n a l  

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

i t s   g e n e r a l   c o n s t r u c t i o n ;  

F i g .   2  i s   an  e n l a r g e d   p e r s p e c t i v e   v i e w   o f  

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

t h e   n e e d l e   a n o d e   and  t h e   c a r r i e r   s t r i p ;  

F i g .   3  shows  an  e m b o d i m e n t   of  t h e   i n v e n t i o n  

in  s c h e m a t i c   s i d e   v i e w ;   a n d  

F i g .   4  shows  a n o t h e r   e m b o d i m e n t   t h e r e o f   a l s o  

in  s c h e m a t i c   s i d e   v i e w .  

In  t h e   e m b o d i m e n t   of  t h e   i n v e n t i o n   of  F i g . 3 ,  

a  s t r e s s - a b s o r b i n g   e l e m e n t   10,  such   as  a  s p r i n g ,  

i s   i n s t a l l e d   b e t w e e n   a  n e e d l e   anode   1  and  i t s   s u p p o r t  

2.  O t h e r   p a r t s   a r e   i d e n t i c a l   to  t h o s e   shown  i n  

F i g .   l ' a n d   a r e   s i m i l a r l y   n u m b e r e d .   The  s p r i n g   m e m b e r  

1 0  u s e d   h e r e   i s   a  c o i l   s p r i n g .   The  n e e d l e   a n o d e   1 



i s   made  of  g l a s s y   c a r b o n   and  m e a s u r e s   a b o u t   0 .5   mm 

in  d i a m e t e r   and  a b o u t  8   mm  in  l e n g t h ,   w i t h   i t s   t i p  

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

c u r v a t u r e   n o t   e x c e e d i n g   a b o u t   10  m i c r o n s .   The  s p r i n g  

member  10  c o n s i s t s   of  0 .8   mm  d i a m e t e r   c o p p e r   w i r e  

wound  h e l i c a l l y   i n t o   a  c o i l .   A  c a r r i e r   s t r i p   3  i s  

f o r m e d   of  a  0 .2   mm  t h i c k   s h e e t   of  c a r b o n .   T h e  

i o n i z a b l e   s u b s t a n c e   5  u s e d   in   t h i s   e m b o d i m e n t   i s  

NiB,  t h e   m e l t i n g   p o i n t   of  w h i c h   i s   a b o u t   1 0 0 0 ° C .  

When  a  d r a w - o u t   v o l t a g e   of  13  kV  was  a p p l i e d   to   s u c h  

an  i o n   s o u r c e ,   a  t o t a l   i o n   c u r r e n t   of  a b o u t   200  pA,  

t h e   sum  of  Ni  and  B  ion   c u r r e n t s ,   was  s t a b l y   o b t a i n e d .  

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

f o r   h e a t i n g   was  a b o u t   80  W.  The  i o n   s o u r c e   w i t h -  

s t o o d   more   t h a n   40  r e p e t i t i o n s   of  t h e   c y c l e   o f  

s w i t c h i n g   i t   on  and  o f f ,   d e m o n s t r a t i n g   i t s   h i g h  

r e l i a b i l i t y   as  an  ion   s o u r c e .  

A n o t h e r   e m b o d i m e n t   w i l l   now  be  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 .   4.  In  t h i s   e m b o d i m e n t   a  p a i r  

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

b e t w e e n   e a c h   end  of  t h e   c a r r i e r   s t r i p   3  and  t h e  

s u p p o r t   m e m b e r s   4a,  4 b .  

The  n e e d l e   a n o d e   1  i s   made  of  g l a s s y   c a r b o n ,  

has   a  d i a m e t e r   of  a b o u t   0 .5   mm  and  a  l e n g t h   of  a b o u t  

8  m m ,  a n d   i t s   t i p   i s   p o i n t e d   l i k e   a  n e e d l e   w i t h   a  



r a d i u s   of  c u r v a t u r e   of  a b o u t   10  µm  or  l e s s .   T h e  

s t r e s s - a b s o r b i n g   m e m b e r s   l l a ,   l l b   a r e   l e a f   s p r i n g s  

f o r m e d   of  t a n t a l u m   s h e e t s ,   e a c h   m e a s u r i n g   0 . 3  m m  

t h i c k   and  5  mm  w i d e ,   f o l d e d   i n t o   a  z i g z a g .   The  c a r r i e r  

s t r i p   3  i s   a  0 .2   m m - t h i c k   s h e e t   of  c a r b o n .   T h e  

i o n i z a b l e   s u b s t a n c e   5  in   t h i s   e m b o d i m e n t   i s   NiB  w h o s e  

m e l t i n g   p o i n t   i s   a b o u t   1 0 0 0 ° C .   When  a  d r a w - o u t  

v o l t a g e   of  13  kV  was  a p p l i e d ,   an  i on   c u r r e n t   of   a b o u t  

200  µA,  t h e   sum  of  t h e   Ni  and  B  i on   c u r r e n t s ,   w a s  

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

s t r i p   f o r   h e a t i n g   was  a b o u t   80  W.  T h i s   i o n   s o u r c e  

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

t h a n   40  r e p e t i t i o n s   of  t h e   c y c l e   of  s w i t c h i n g   i t  

on  and  o f f .  

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 m a l  

s t r e s s e s   w h i c h   w i l l   o t h e r w i s e   a c t   upon  t h e   n e e d l e  

a n o d e   and  t h e   c a r r i e r   s t r i p   a r e   t a k e n   up  by  s t r e s s -  

a b s o r b i n g   member   or  m e m b e r s .   T h i s   c o n s t r u c t i o n  

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

and  e x t e n d s   t h e   l i f e   and  i n c r e a s e s   t h e   r e l i a b i l i t y  

of  t h e   i o n   s o u r c e .  



1.  A  l i q u i d   m e t a l   i o n   s o u r c e   h a v i n g   a  c a r r i e r  

(3)  w h i c h   h o l d s   a  s u b s t a n c e   (5)  b e i n g   i o n i z e d   w h i c h  

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

m o l t e n ,   a  n e e d l e   a n o d e   (1)  l o c a t e d   so  t h a t   t h e   p o i n t e d  

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

s u p p l i e d   by  s a i d   c a r r i e r ,   and  a  d r a w - o u t   e l e c t r o d e  

(7)  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   b e t w e e n   i t s e l f  

and  s a i d   a n o d e   to   d r aw  o u t   t h e   i o n s   f rom  s a i d   p o i n t e d  

t i p   of  s a i d   a n o d e ,  

c h a r a c t e r i s e d   in  t h a t  

a t   l e a s t   one  e l e m e n t   (10 ;   l l a , b )   i s   p r o v i d e d   t o   a b s o r b  

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

(1)  and  s a i d   c a r r i e r   (3)  by  t h e   t e m p e r a t u r e   c h a n g e s  

of  s a i d   n e e d l e   a n o d e .  

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  p r o v i d e d  

w i t h   a t   l e a s t   one  s a i d   t h e r m a l   s t r e s s - a b s o r b i n g   e l e m e n t  

(10;   l l a , b )   in  t h e   fo rm  of  a  l e n g t h - v a r i a b l e   e l e m e n t  

m o u n t e d   b e t w e e n   s a i d   n e e d l e   a n o d e   or  s a i d   c a r r i e r  

and  a  s u p p o r t   (2;  4 a , b )   t h e r e f o r .  

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   s a i d   t h e r m a l   s t r e s s - a b s o r b i n g   e l e m e n t  

(10)   i s   i n s t a l l e d   b e t w e e n   s a i d   n e e d l e   a n o d e   a n d  a  

s u p p o r t   (2)  t h e r e f o r .  



4.  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   3  w h e r e i n  

s a i d   t h e r m a l   s t r e s s - a b s o r b i n g   e l e m e n t   (10 )   i s   a  s p r i n g .  

5.  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   s a i d   t h e r m a l   s t r e s s - a b s o r b i n g   e l e m e n t  

( l l a , b )   i s   i n s t a l l e d   b e t w e e n   s a i d   c a r r i e r   and  a  

s u p p o r t   ( 4 a , b )   t h e r e f o r .  

6.  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   5,  w h e r e i n  

s a i d   t h e r m a l   s t r e s s - a b s o r b i n g   e l e m e n t   i s   a  s p r i n g  

( l l a , b ) .  

7.  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   5  or  c l a i m  

6,  w h e r e i n   a  p l u r a l i t y   of  s a i d   t h e r m a l   s t r e s s - a b s o r b i n g  

e l e m e n t s   ( l l a , b )   a r e   i n s t a l l e d   a t   a  p l u r a l i t y   o f  

s p a c e d  p o i n t s   on  s a i d   c a r r i e r .  

8.  An  i o n   s o u r c e   a c c o r d i n g   to   a n y  o n e   of  t h e  

p r e c e d i n g   c l a i m s   w h e r e i n   t h e   c a r r i e r   (3)  i s   a r r a n g e d  

to   p a s s   c u r r e n t   in   u s e ,   t h e r e b y   to   be  h e a t e d   a n d  

t h u s   to   e f f e c t   m e l t i n g   of  t h e   s u b s t a n c e   b e i n g   i o n i z e d .  
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