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ŵ)  Sampling  plasma  into  a  vacuum  chamber. 
©  A  plasma  generated  within  an  induction  coil  is  sampled 
through  a  sampler  orifice  into  a  first  vacuum  chamber  stage 
and  then  through  a  skimmer  orifice  into  a  second  vacuum 
shamber  stage  for  mass  analysis  of  trace  ions  in  the  plasma. 
Arcing  at  the  orifices  is  reduced  or  prevented  by  applying,  to 
the  plates  containing  the  orifices,  an  RF  bias  voltage  derived 
From  the  generator  which  powers  the  coil.  Since  optimum 

ion  transmission  is  highly  dependent  on  the  phase  and 
amplitude  of  the  RF  bias,  phase  and  amplitude  adjustment 
networks  are  provided  to  optimize  the  ion  count.  Alternative- 
ly,  arcing  at  the  sampler  orifice  can  be  eliminated  by 
grounding  the  induction  coil  at  or  near  its  center  and  the  RF 
bias  can  be  applied  only  to  the  plate  containing  the  skimmer 
orifice. 

42  14 /  /  \ 
WCUUM  VACUUM  CARRIER PUMP  PUMP  CAS 

1  ;fl  7/.  KK  -K/ 30  /<• 

—  <p-£f}-  
to  nn 

-16.  1 

royaon  Printing  Company  Ltd. 

  A  plasma  generated  within  an  induction  coil  is  sampled 
through  a  sampler  orifice  into  a  first  vacuum  chamber  stage 
and  then  through  a  skimmer  orifice  into  a  second  vacuum 
chamber  stage  for  mass  analysis  of  trace  ions  in  the  plasma. 
Arcing  at  the  orifices  is  reduced  or  prevented  by  applying, to 
the  plates  containing  the  orifices,  an  RF  bias  voltage  derived 
from  the  generator  which  powers  the  coil.  Since  optimum 

ion  transmission  is  highly  dependent  on  the  phase  and 
amplitude  of  the  RF  bias,  phase  and  amplitude  adjustment 
networks  are  provided  to  optimize  the  ion  count.  Alternative- 
ly,  arcing  at  the  sampler  orifice  can  be  eliminated  by 
grounding  the  induction  coil  at  or  near  its  center  and  the  RF 
bias  can  be  applied  only  to  the  plate  containing  the  skimmer 
orifice. 



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

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

o r i f i c e   i n t o   a  vacuum  c h a m b e r   and  to   m e t h o d   and  a p p a r a t u s  

f o r   mass   a n a l y s i s   u s i n g   s u c h   s a m p l i n g .   The  i n v e n t i o n   r e -  

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

c r i b e d   in  my  U.S .   p a t e n t   No.  4 , 5 0 1 , 9 6 5 ,   w h i c h   a l t e r n a t i v e  

can  a l s o   be  used   in  c o n j u n c t i o n   w i t h   t he   m e t h o d   and  a p -  

p a r a t u s   shown  in  t h a t   p a t e n t .   The  p r e s e n t   i n v e n t i o n   w i l l  

be  d e s c r i b e d   w i t h   r e f e r e n c e   to   mass   a n a l y s i s .  

As  d e s c r i b e d   in  my  a b o v e   i d e n t i f i e d   U . S .  

p a t e n t ,   i t   is   o f t e n   d e s i r e d   to   a n a l y z e   a  s a m p l e   of   a  s u b -  

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

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

i o n s   of  t h e   e l e m e n t s   in  t h e   s u b s t a n c e .   The  i o n s   a r e   t h e n  

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

ing  a  mass   a n a l y z e r ,   to  d e t e c t   t h e   p r e s e n c e   of   t r a c e   s u b -  

s t a n c e s   in  t he   s a m p l e .   D i f f i c u l t i e s   h a v e   b e e n   e n c o u n -  

t e r e d   in  e x t r a c t i n g   a  s a m p l e   of   t h e   p l a s m a   f rom  t h e   m a i n  

body   of   t h e   p l a s m a   and  d i r e c t i n g   i t   t h r o u g h   a  s m a l l   o r i -  

f i c e   i n t o   t he   vacuum  c h a m b e r .   My  a b o v e   i d e n t i f i e d   U . S .  

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

p l i n g   f rom  t he   p l a s m a   i n t o   t h e   v a c u u m   c h a m b e r ,   by  r e -  

d u c i n g   t h e   v o l t a g e   swing   w h i c h   was  f o u n d   t o  e x i s t   in  t h e  



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

a r c i n g   a t   t h e   o r i f i c e .   Such  a r c i n g   c a u s e s   e r o s i o n   of   t h e  

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

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

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

l e v e l   of   d o u b l y   c h a r g e d   i o n s ,   and  g e n e r a t i o n   of   u l t r a v i o -  

l e t   p h o t o n   n o i s e .  

The  p r e s e n t   i n v e n t i o n   p r o v i d e s   an  a l t e r n a t i v e  

a r r a n g e m e n t   f o r   r e d u c i n g   t h e   p r o b l e m   of  a r c i n g ,   by  p r o -  

v i d i n g   a p p r o p r i a t e   r a d i o   f r e q u e n c y   (RF)  b i a s i n g   of  t h e  

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

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

b e r   c o m p r i s i n g :  

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

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

ond  t e r m i n a l s   and  a t   l e a s t   one   t u r n   b e t w e e n  

s a i d   f i r s t   and  s e c o n d   t e r m i n a l s ,   s a i d   t u r n   d e -  

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

of  s a i d   p l a s m a ,   and  ( i i )   g e n e r a t i n g   means   f o r  

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

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

g e n e r a t e   s a i d   p l a s m a ,  

(b)  a  v a c u u m   c h a m b e r   i n c l u d i n g   an  o r i f i c e   p l a t e   d e -  

f i n i n g   a  w a l l   of   s a i d   v a c u u m   c h a m b e r ,  

( c )   s a i d   o r i f i c e   p l a t e   h a v i n g   an  o r i f i c e   t h e r e i n  

l o c a t e d   a d j a c e n t   s a i d   s p a c e   f o r   s a m p l i n g   a  p o r -  



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

s a i d   vacuum  c h a m b e r ,  

(d)  s e c o n d   g e n e r a t i n g   means   fo r   g e n e r a t i n g   a  s e c o n d  

RF  v o l t a g e   of   f r e q u e n c y   the   same  as  t h a t   o f  

s a i d   f i r s t   RF  v o l t a g e   and  p h a s e   l o c k e d   to  s a i d  

f i r s t   RF  v o l t a g e ,  

(e)  and  means   c o n n e c t e d   b e t w e e n   s a i d   o r i f i c e   p l a t e  

and  s a i d   s e c o n d   g e n e r a t i n g   means   f o r   b i a s i n g  

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

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

o r i f i c e .  

Ir,  a n o t h e r   of  i t s   a s p e c t s   t he   p r e s e n t   i n v e n t i o n  

s u p p l e m e n t s   t he   a r r a n g e m e n t   shown  in  my  above   i d e n t i f i e d  

U .S .   p a t e n t .   In  t he   a r r a n g e m e n t   shown  in  such   p a t e n t ,  

t h e   v o l t a g e   swing   in  t h e   p l a s m a   was  g r e a t l y   r e d u c e d ,   b u t  

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

c u r r e n t s   in  t he   p l a s m a   and  b e c a u s e   of  o t h e r   e f f e c t s   n o t  

f u l l y   u n d e r s t o o d .   At  l e a s t   t he   v o l t a g e   f rom  the   h e a t i n g  

c u r r e n t s   c a n n o t   be  e l i m i n a t e d .   The  r e s i d u a l   v o l t a g e  

swing   may  s t i l l   c a u s e   some  r e s i d u a l   a r c i n g ,   p a r t i c u l a r l y  

a d j a c e n t   t he   e n t r a n c e   to  t he   s e c o n d   s t a g e   of  t he   v a c u u m  

c h a m b e r   shown  in  s u c h   U . S .   p a t e n t .   Use  of   t he   i n v e n t i o n  

shown  in  my  above   i d e n t i f i e d   U.S .   p a t e n t ,   c o m b i n e d   w i t h  

RF  b i a s i n g   of  t he   o r i f i c e   p l a t e   i n t o   t he   s e c o n d   s t a g e   o f  

t h e   v a c u u m   c h a m b e r   a c c o r d i n g   to  t he   p r e s e n t   i n v e n t i o n ,  

has   been   f o u n d   to  p r o d u c e   a  f u r t h e r   i m p r o v e m e n t   in  i o n  

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



c h a m b e r .   A c c o r d i n g l y   in  a n o t h e r   of   i t s   a s p e c t s   t h e   p r e s -  

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

i n t o   a  v a c u u m   c h a m b e r   c o m p r i s i n g :  

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

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

ond  t e r m i n a l s   and  a t   l e a s t   one   t u r n   b e t w e e n  

s a i d   f i r s t   and  s e c o n d   t e r m i n a l s ,   s a i d   t u r n   d e -  

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

of   s a i d   p l a s m a ,   and  ( i i )   RF  g e n e r a t i n g   m e a n s  

f o r   g e n e r a t i n g   a  f i r s t   RF  v o l t a g e   to  a p p l y   t o  

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

to  g e n e r a t e   s a i d   p l a s m a ,  

(b)   a  v a c u u m   c h a m b e r   h a v i n g   f i r s t   and  s e c o n d   v a c u u m  

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

an  o u t e r   w a l l   o f   s a i d   v a c u u m   c h a m b e r ,   s a i d   s a m -  

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

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

and  h a v i n g   a  s k i m m e r   o r i f i c e   t h e r e i n ,   s a i d   s a m -  

p l e r   p l a t e   and  s k i m m e r   p l a t e   b e i n g   s p a c e d   t o  

d e f i n e   b e t w e e n   t hem  s a i d   f i r s t   v a c u u m   s t a g e ,  

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

f rom  s a i d   s k i m m e r   p l a t e ,   s a i d   s e c o n d   w a l l   a n d  

s a i d   s k i m m e r   p l a t e   d e f i n i n g   b e t w e e n   them  s a i d  

s e c o n d   v a c u u m   s t a g e ,  

( c )   s a i d   s a m p l e r   o r i f i c e   and  s a i d   s k i m m e r   o r i f i c e  

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

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



v a c u u m   s t a g e   and  t h r o u g h   s a i d   s k i m m e r   o r i f i c e  

i n t o   s a i d   s e c o n d   v a c u u m   s t a g e ,  

(d)   and  means   c o u p l e d   to  s a i d   RF  g e n e r a t i n g   m e a n s  

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

a p p l y i n g   s a i d   RF  b i a s   v o l t a g e   a t   l e a s t   to  s a i d  

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

t h r o u g h   s a i d   s k i m m e r   o r i f i c e .  

A  m e t h o d   of  s a m p l i n g   i o n s   and  some  e m b o d i m e n t s  

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

F i g .   1  is  a  d i a g r a m m a t i c   v i e w   ( n o t   to  s c a l e )  

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

s e n t   i n v e n t i o n ;  

F i g .   2  is   a  d i a g r a m m a t i c   v i e w   ( n o t   to  s c a l e )  

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

t h e   p r e s e n t   i n v e n t i o n ;  

F i g .   3  i s   a  g r a p h   s h o w i n g   ion  t r a n s m i s s i o n   i n t o  

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

of   t h e   RF  b i a s   v o l t a g e ,   p l o t t e d   a g a i n s t   t h e   p e a k - t o - p e a k  

RF  v o l t a g e   a p p l i e d   to  t he   s k i m m e r   p l a t e   f o r   a  p a r t i c u l a r  

o r i f i c e   s i z e ;  

F i g .   4  i s   a  g r a p h   s h o w i n g   t h e   i on   t r a n s m i s s i o n  

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

a g a i n s t   t h e   p h a s e   of   t he   RF  b i a s   v o l t a g e   f o r   t h e   o r i f i c e  

u s e d   in  t h e   F i g .   3  g r a p h ;  



F i g .   5  is  a  g r a p h   s i m i l a r   to   t h a t   of   F i g .   3  b u t  

f o r   a  d i f f e r e n t   s i z e   o r i f i c e ;   a n d  

F i g .   6  is  a  g r a p h   s i m i l a r   to   t h a t   of   F i g .   4  b u t  

f o r   t h e   o r i f i c e   u sed   in  c o n n e c t i o n   w i t h   t h e   F i g .   5  g r a p h .  

DETAILED  DESCRIPTION  OF  PREFERRED  EMBODIMENTS 

R e f e r e n c e   i s   f i r s t   made  to  F i g .   1,  w h i c h   s h o w s  

a  p l a s m a   t u b e   10  a r o u n d   w h i c h   is   wound  an  e l e c t r i c a l   i n -  

d u c t i o n   c o i l   12.  The  c a r r i e r   g a s ,   e . g .   a r g o n ,   used   t o  

f o r m   t h e   p l a s m a   is   s u p p l i e d   f rom  a  s o u r c e   14  and  is  d i -  

r e c t e d   by  a  c o n d u i t   16  i n t o   t he   p l a s m a   t u b e   10.  A  f u r -  

t h e r   s t r e a m   of   t h e   c a r r i e r   g a s   i s   d i r e c t e d   f rom  t h e  

s o u r c e   14  t h r o u g h   an  i n n e r   t u b e   18  w i t h i n   t h e   p l a s m a   t u b e  

10  and  e x i t s   v i a   a  f l a r e d   end  20  j u s t   u p s t r e a m   of  t h e  

c o i l   12.  The  s a m p l e   g a s   c o n t a i n i n g   t h e   t r a c e   s u b s t a n c e  

to   be  a n a l y z e d   i s   s u p p l i e d   in  a  c a r r i e r   g a s ,   e . g .   a r g o n ,  

f r o m   s o u r c e   22  and  i s   fed   i n t o   t h e   p l a s m a   t u b e   10  t h r o u g h  

a  t u b e   24  w i t h i n   and  c o a x i a l   w i t h   t h e   t u b e   18.  Thus  t h e  

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

be  f o r m e d .  

The  c o i l   12  n o r m a l l y   has   a  s m a l l   number   o f  

t u r n s   ( f o u r   t u r n s   a r e   shown  in  t h e   d r a w i n g )   and  is  s u p -  

p l i e d   w i t h   RF  p o w e r   f r o m   an  RF  g e n e r a t o r   26  w h i c h   may  i n -  

c l u d e   an  i m p e d a n c e   m a t c h i n g   n e t w o r k   28.   The  RF  power   f e d  

to   t h e   c o i l   12  v a r i e s   d e p e n d i n g   on  t h e   n a t u r e   of  t h e  

p l a s m a   r e q u i r e d   and  may  r a n g e   b e t w e e n   200  and  1 0 , 0 0 0  

w a t t s .   The  RF  f r e q u e n c y   u s e d   i s   h i g h ,   t y p i c a l l y   27  m e g a -  



h e r t z   (MHz).   The  p l a s m a   g e n e r a t e d   by  t h i s   a r r a n g e m e n t   i s  

i n d i c a t e d   at  30  and  is   a t   a t m o s p h e r i c   p r e s s u r e .  

The  p l a s m a   t u b e   10  i s   l o c a t e d   a d j a c e n t   a  s a m -  

p l e r   p l a t e   32  w h i c h   d e f i n e s   one  end  w a l l   of  a  v a c u u m  

c h a m b e r   34.  S a m p l e r   p l a t e   32  is   w a t e r   c o o l e d ,   by  m e a n s  

n o t   s h o w n .   The  p l a s m a   30  i s   s a m p l e d   t h r o u g h   an  o r i f i c e  

36  in  t he   s a m p l e r   p l a t e   32  i n t o   a  f i r s t   vacuum  c h a m b e r  

s t a g e   38  wh ich   is   e v a c u a t e d   t h r o u g h   d u c t   40  by  a  p u m p  

42.  (The  s a m p l i n g   o r i f i c e   36  is   in  p r a c t i c e   u s u a l l y  

m a c h i n e d   in  a  s e p a r a t e   p i e c e   c a l l e d   a  s a m p l e r   wh ich   is   i n  

good  e l e c t r i c a l   c o n t a c t   w i t h   t he   s a m p l e r   p l a t e   3 2 . )   T h e  

r e m a i n i n g   g a s e s   f rom  t he   p l a s m a   e x i t   t h r o u g h   the   s p a c e   43  

b e t w e e n   the   p l a s m a   t u b e   10  and  t h e   p l a t e   3 2 .  

The  f i r s t   s t a g e   38  of   t he   vacuum  c h a m b e r   34  i s  

s e p a r a t e d   f rom  a  s e c o n d   v a c u u m   c h a m b e r   s t a g e   44  by  a  

s k i m m e r   p l a t e   46  c o n t a i n i n g   a  s e c o n d   o r i f i c e   48.  ( T h e  

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

p i e c e   c a l l e d   a  s k i m m e r ,   w h i c h   i s   in  good  e l e c t r i c a l   c o n -  

t r a c t   w i t h   t he   s k i m m e r   p l a t e   4 6 . )   The  s e c o n d   s t a g e   44  o f  

t he   v a c u u m   c h a m b e r   i s   e v a c u a t e d   by  a  vacuum  pump  50.  L o -  

c a t e d   in  t he   s e c o n d   v a c u u m   c h a m b e r   s t a g e   44  is   a  m a s s  

a n a l y z e r   i n d i c a t e d   a t   52.  The  mass   a n a l y z e r   may  be  a  

q u a d r u p o l e   mass   s p e c t r o m e t e r   h a v i n g   a n a l y z i n g   r o d s   5 4 .  

In  a d d i t i o n ,   l o c a t e d   b e t w e e n   t h e   r o d s   54  and  t he   s k i m m e r  

p l a t e   o r i f i c e   48  a r e   c o n v e n t i o n a l   ion  o p t i c   e l e m e n t s   i n -  

d i c a t e d   a t   56.  The  ion   o p t i c   e l e m e n t s   56  may  i n c l u d e  

p e r f o r a t e d   q u a d r u p o l e   r o d s   h a v i n g   RF  power   o n l y   a p p l i e d  



t h e r e t o   ( w i t h o u t   any  d . c .   a p p l i e d   t h e r e t o ) ,   as  shown  i n  

U . S .   p a t e n t   No.  4 , 3 2 8 , 4 2 0   i s s u e d   to   J . B .   F r e n c h   e t   a l ,  

and  may  a l s o   i n c l u d e   a  s t a n d a r d   b e s s e l   box  l e n s   l o c a t e d  

b e t w e e n   s u c h   RF  o n l y   r o d s   and  t he   a n a l y z i n g   r o d s   5 4 .  

A c c o r d i n g   to   t h e   i n v e n t i o n   a  s a m p l e   of  t he   RF 

v o l t a g e   i s   p i c k e d   o f f   t h e   g e n e r a t o r   26  v i a   l e a d   58,  a d -  

j u s t e d   in  p h a s e   a t   p h a s e   a d j u s t i n g   n e t w o r k   60,  a d j u s t e d  

in  a m p l i t u d e   in  a m p l i f i e r   62,  and  a p p l i e d   v i a   l e a d   64  t o  

t h e   s a m p l e r   p l a t e   32.  The  s a m p l e r   p l a t e   32  i s   d . c .   e l e c -  

t r i c a l l y   i n s u l a t e d   f rom  g r o u n d   by  i n s u l a t i n g   r i n g   66  b u t  

may  h a v e   a  c o n s i d e r a b l e   c a p a c i t a n c e   to  g r o u n d .   No  s p e -  

c i a l   m e a n s   ( o f   t h e   k i n d   shown  in  my  a b o v e   i d e n t i f i e d  

U . S .   p a t e n t )   were   u s e d   to   r e d u c e   t h e   v o l t a g e   swing   in  t h e  

p l a s m a   2 4 .  

When  no  RF  b i a s   was  a p p l i e d   to   t he   s a m p l e r  

p l a t e   32,   and  w h e t h e r   o r   n o t   t h e   s a m p l e r   p l a t e   32  was  i n -  

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

s a m p l e r   p l a t e   32  a t   t h e   o r i f i c e   36  was  o b s e r v e d .   When  RF 

b i a s   f rom  t h e   l e a d   64  was  a p p l i e d   to   t h e   s a m p l e r   p l a t e   3 2  

and  t h e   p h a s e   was  a d j u s t e d   c o r r e c t l y ,   t h e   a r c i n g   was  o b -  

s e r v e d   to  be  e x t i n g u i s h e d .   I f   t h e   p h a s e   of  t he   RF  b i a s  

was  r e v e r s e d   1 8 0 ° ,   t h e   a r c i n g   was  n o t   e l i m i n a t e d   and  i n  

f a c t   may  have   b e e n   i n c r e a s e d .   The  r e a s o n s   f o r   t h i s  

a p p e a r s   to  be  t h a t   s i n c e   t h e   s a m p l e r   p l a t e   32  w h e t h e r   i n -  

s u l a t e d   or   n o t   i s   a l w a y s   a t   or   n e a r   RF  g r o u n d   b e c a u s e   o f  

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

d i f f e r e n c e   b e t w e e n   t h e   p l a s m a   30  and  t h e   s a m p l e r   p l a t e   3 2  



n o r m a l l y   c a u s e s   a r c i n g .   I f   t h e   RF  v o l t a g e   a p p l i e d   to  t h e  

s a m p l e r   p l a t e   is  in  p h a s e   w i t h   t h e   p e a k - t o - p e a k   v o l t a g e  

s w i n g   in  the   p l a s m a ,   t h e n   t he   v o l t a g e   d i f f e r e n c e   b e t w e e n  

t h e   s a m p l e r   p l a t e   32  and  t h e   end  of  the   p l a s m a   30  c l o s e s t  

to  t h e   s a m p l e r   p l a t e   32  i s   r e d u c e d   and  a r c i n g   is   e l i m i -  

n a t e d .   When  the   p h a s e   i s   r e v e r s e d ,   t he   v o l t a g e   d i f f e r -  

e n c e   i s   not   r e d u c e d   and  can  in  f a c t   be  i n c r e a s e d ,   so  t h a t  

a r c i n g   is  not   e l i m i n a t e d .  

In  some  c a s e s   t h e   p l a s m a   may  a r c   no t   o n l y   t o  

t h e   s a m p l e r   p l a t e   32  at   t he   o r i f i c e   36  b u t   a l s o   to  t h e  

s k i m m e r   p l a t e   46  at   t h e   o r i f i c e   48.  Such  a r c i n g   m a y  

o c c u r   in  p a r t   b e c a u s e   t h e   s k i m m e r   p l a t e   may  be  in  f a i r l y  

good  e l e c t r i c a l   c o n t a c t   w i t h   t h e   p l a s m a   30,  p a r t i c u l a r l y  

w h e r e   a  l a r g e   s a m p l e r   o r i f i c e   36  is  u s e d .   In  a d d i t i o n ,  

i f   t he   s a m p l e r   p l a t e   32  i s   b i a s e d   w i t h   RF  and  t he   s k i m m e r  

p l a t e   46  is  g r o u n d e d ,   t he   RF  b i a s   i t s e l f   may  c a u s e   a  d i s -  

c h a r g e   in  the   low  p r e s s u r e   r e g i o n   in  t h e   f i r s t   s t a g e   3 8  

of   t h e   vacuum  c h a m b e r   due   to  t h e   RF  v o l t a g e   d i f f e r e n c e  

b e t w e e n   t h e s e   two  p l a t e s .   Such  a  d i s c h a r g e   has   many  o f  

t h e   same  d e l e t e r i o u s   e f f e c t s   as  a  d i s c h a r g e   c a u s e d   by  t h e  

v o l t a g e   b e t w e e n   t h e   p l a s m a   30  and  t he   s a m p l e r   p l a t e   32  o r  

s k i m m e r   p l a t e   4 6 .  

The  a r c i n g   b e t w e e n   t h e   s k i m m e r   p l a t e   46  at   o r i -  

f i c e   48  and  t he   p l a s m a   or   a d j a c e n t   e l e m e n t s   may  a l s o   b e  

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

f rom  g r o u n d   by  i n s u l a t i n g   r i n g   68,  and  by  a l s o   b i a s i n g  

t h e   s k i m m e r   p l a t e   46  w i t h   RF.  Such  b i a s i n g   may  b e  



a p p l i e d   by  d e r i v i n g   a n o t h e r   s a m p l e   of  t h e   RF  v o l t a g e   f r o m  

g e n e r a t o r   26  v i a   l e a d   69,   p a s s i n g   i t   t h r o u g h   a  p h a s e   a d -  

j u s t i n g   n e t w o r k   70  and  an  a m p l i f i e r   72,   and  t h e n   a p p l y i n g  

i t   t h r o u g h   v a c u u m   f e e d   t h r o u g h   74  and  l e a d   75  to  t h e  

s k i m m e r   p l a t e   46,  as  shown  in  F i g .   1 .  

R e f e r e n c e   is   n e x t   made  to   F i g .   2,  w h i c h   s h o w s  

a p p a r a t u s   t h e   same  as  t h a t   of  F i g .   1  e x c e p t   as  w i l l   b e  

e x p l a i n e d ,   and  in  w h i c h   p r i m e d   r e f e r e n c e   n u m e r a l s   i n d i -  

c a t e d   c o r r e s p o n d i n g   p a r t s .   The  F i g .   2  a r r a n g e m e n t   d i f -  

f e r s   f r o m   t h a t   of  F i g .   1  in  t h a t   t h e   s a m p l e r   p l a t e   32 '   i s  

n o t   RF  b i a s e d   and  one  end  of  t h e   c o i l   12'   i s   no t   g r o u n d -  

e d .   I n s t e a d   t h e   c o i l   12'   has   a  g r o u n d   c o n n e c t e d   to   a  

p o i n t   76  b e t w e e n   the   e n d s   of   t h e   c o i l ,   n e a r   t h e   c e n t e r   o f  

t h e   c o i l ,   as  shown ,   in  a c c o r d a n c e   w i t h   t h e   a r r a n g e m e n t  

s h o w n   in  my  a b o v e   i d e n t i f i e d   p a t e n t .   T h i s   e l i m i n a t e s  

a r c i n g   b e t w e e n   t he   p l a s m a   30 '   and  t h e '   s a m p l e r   p l a t e  

32 '   a t   o r i f i c e   36'   and  t h e r e f o r e   a l s o   e l i m i n a t e s   t h e   n e e d  

to  RF  b i a s   t h e   s a m p l e r   p l a t e   3 2 ' .   H o w e v e r   t h e   s k i m m e r  

p l a t e   46 '   i s   s t i l l   RF  b i a s e d   t h r o u g h   t h e   p h a s e   a d j u s t i n g  

n e t w o r k   70 '   and  t he   a m p l i f i e r   7 2 ' .  

I t   is   f o u n d   t h a t   u s i n g   t h e   F i g .   2  a p p a r a t u s ,  

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

b a c k g r o u n d   n o i s e   l e v e l   a r e   o b t a i n e d   when  t h e   RF  b i a s  

a p p l i e d   to   t h e   s k i m m e r   p l a t e   46 '   i s   o f   b o t h   c o r r e c t   p h a s e  

and  a m p l i t u d e .  

In  a  f i r s t   e x p e r i m e n t   t h e   p h a s e   and  a m p l i t u d e  

o f   t h e   RF  b i a s   a p p l i e d   to   t h e   s k i m m e r   p l a t e   46'   in  t h e  



F i g .   2  a r r a n g e m e n t   were   a d j u s t e d   f o r   t h e   b e s t   s i g n a l  

u s i n g   a  one  m i c r o g r a m   pe r   m i l l i l i t e r   v a n a d i u m   s o l u t i o n .  

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

u s e d ,   t h e   ion   s i g n a l   was  8 9 , 0 0 0   c o u n t s   p e r   s e c o n d   and  t h e  

b a c k g r o u n d   n o i s e   was  66  c o u n t s   pe r   s e c o n d   when  t h e   RF 

b i a s   was  a d j u s t e d   to   t he   o p t i m u m   p h a s e   and  a m p l i t u d e .  

When  t h e   RF  b i a s   was  r e m o v e d   and  t he   s k i m m e r   s i m p l y  

g r o u n d e d   a t   t h e   f e e d   t h r o u g h   7 4 ' ,   t h e   s i g n a l   d r o p p e d   t o  

1 7 , 5 0 0   c o u n t s   p e r   s e c o n d   and  the   b a c k g r o u n d   n o i s e   i n -  

c r e a s e d   to  427  c o u n t s   pe r   s e c o n d .   The  s i g n a l   to  b a c k -  

g r o u n d   n o i s e   r a t i o   t h e r e f o r e   d e c r e a s e d   by  a  f a c t o r   of  3 5  

when  t h e   o p t i m u m   RF  b i a s   was  r e m o v e d .   H o w e v e r   i t   w a s  

s u b s e q u e n t l y   f o u n d   t h a t   t he   l o s s   of  s i g n a l   to  n o i s e   i n  

g o i n g   f rom  an  RF  b i a s e d   s k i m m e r   p l a t e   46 '   to  a  g r o u n d e d  

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

46'   d i r e c t l y   to   t h e   vacuum  s y s t e m ,   i . e .   by  b o l t i n g   i t   d i -  

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

t h r o u g h   t h e   l e a d   75 '   w h i c h   was  a p p r o x i m a t e l y   f o u r   i n c h e s  

l o n g .   I t   a p p e a r s   t h a t   t he   i n d u c t a n c e   of   even   a  f o u r   i n c h  

w i r e   was  s u f f i c i e n t   to  c a u s e   a n o m a l o u s   and  u n w a n t e d   v o l -  

t a g e s   to  a p p e a r   on  t h e   s k i m m e r .   N e v e r t h e l e s s ,   even   w i t h  

t h e   s k i m m e r   p l a t e   46'   o p t i m a l l y   g r o u n d e d ,   t he   s i g n a l   t o  

n o i s e   r a t i o   was  i m p r o v e d   by  a  f a c t o r   of   a p p r o x i m a t e l y   2 

by  c o r r e c t   RF  b i a s i n g   of  t he   s k i m m e r   p l a t e   4 6 ' .  

In  a  s e c o n d   e x p e r i m e n t   t h e   v a r i a t i o n   of   i o n  

s i g n a l   w i t h   c h a n g e s   in  t he   p h a s e   and  a m p l i t u d e   of   t h e   RF 

b i a s   a p p l i e d   to   t h e   s k i m m e r   p l a t e   46 '   were   c a r e f u l l y  



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

two  o r i f i c e   s i z e s .   F i g .   3  shows   t h e   r e s u l t s ,   w h e r e   t h e  

v o l t a g e   (RF  p e a k - t o - p e a k   v o l t a g e )   a p p l i e d   to   t h e   s k i m m e r  

p l a t e   46 '   i s   p l o t t e d   on  t h e   X  a x i s   and  t h e   ion  s i g n a l  

t r a n s m i t t e d   i n t o   t h e   v a c u u m   c h a m b e r   ( i o n   c o u n t s   p e r   s e c -  

ond  as  d e t e c t e d   by  t h e   mass   s p e c t r o m e t e r   5 2 ' )   is   p l o t t e d  

on  t h e   Y  a x i s .   Fou r   c u r v e s   a r e   p l o t t e d ,   n a m e l y   c u r v e   8 0  

f o r   a  p h a s e   a n g l e   of   0° ,   c u r v e   82  f o r   a  p h a s e   a n g l e   o f  

9 0 ° ,   c u r v e   84  f o r   a  p h a s e   a n g l e   of  180°  and  c u r v e   86  f o r  

a  p h a s e   a n g l e   of  2 7 0 ° .  

I t   is   n o t e d   t h a t   t h e   p h a s e   a n g l e s   shown  i n  

F i g .   3  a r e   a r b i t r a r y .   They  a r e   s i m p l y   t h e   p h a s e   s h i f t  

s e t t i n g s   shown  on  t h e   p h a s e   s h i f t   box  u s e d   as  t h e   p h a s e  

s h i f t   n e t w o r k   7 0 ' .   The  p h a s e s   shown  do  n o t   r e p r e s e n t   t h e  

p h a s e   d i f f e r e n c e s   b e t w e e n   t he   RF  v o l t a g e   a p p l i e d   to   t h e  

c o i l   12'  and  t h a t   a p p l i e d   to  t h e   s k i m m e r   p l a t e   46 '   f o r  

t h e   f o l l o w i n g   r e a s o n s .   F i r s t l y ,   t h e   g e n e r a t o r   26 '   u s e d  

had  s e v e r a l   s t a g e s   of  a m p l i f i c a t i o n   and  t h e   l e a d   69 '   w a s  

c o n n e c t e d   to   t h e   g e n e r a t o r   26'   b e f o r e   i t s   l a s t   s t a g e   o f  

p o w e r   a m p l i f i c a t i o n .   I t   i s   e x p e c t e d   t h a t   t h e r e   was  a  

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

t h e   g e n e r a t o r   to   t h e   c o i l   12'  was  a b o u t   3  m e t e r s   l o n g ,  

c a u s i n g   a b o u t   a  1/3  w a v e l e n g t h   or  1 2 0   s h i f t   b e t w e e n   t h e  

RF  v o l t a g e   p r o d u c e d   a t   t h e   g e n e r a t o r   26'   and  t h a t   a p p l i e d  

to  t h e   p l a s m a   30.  T h i r d l y ,   t h e r e   was  a  p h a s e   s h i f t   i n  

t h e   a m p l i f i e r   72 '   and  in  t h e   l e a d   f rom  t h e   a m p l i f i e r   7 2 '  

c a b l e   to   t h e   s k i m m e r   p l a t e   4 6 ' .   In  a d d i t i o n   t h e r e   was  a t  



t h e   f e e d   t h r o u g h   74 '   a  r e s i s t a n c e - c a p a c i t a n c e   n e t w o r k  

( n o t   shown)   to  r e d u c e   t h e   v o l t a g e   f rom  t h e   a m p l i f i e r   t o  

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

s h i f t .   T h e r e   was  a l s o   a  p h a s e   s h i f t   in  t he   l e a d   6 9 ' ,  

f rom  70 '   to  7 2 ' ,   and  f rom  72 '   to   7 4 ' .   I t   was  no t   r e a d i l y  

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

t h e   RF  v o l t a g e   in  t he   p l a s m a   and  the   RF  b i a s   at   t he   s k i m -  

mer  p l a t e   4 6 ' .   The  p h a s e s   p l o t t e d   in  F i g .   3  a re   t h e r e -  

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

much  b e t t e r   r e s u l t s   t h a n   o t h e r s .  

I t   w i l l   be  n o t e d   w i t h   r e f e r e n c e   to  F i g .   3  t h a t  

t h e   o p t i m u m   ion  t r a n s m i s s i o n   o c c u r r e d   a t   a b o u t   1 .5   v o l t s  

and  w i t h   a  p h a s e   s e t t i n g   of   2 7 0 ° .   The  a p p a r a t u s   u s e d  

c o u l d   p r o d u c e   a  b i a s   v o l t a g e   o n l y   down  to  1  v o l t   p e a k -  

t o - p e a k ,   bu t   i t   is  b e l i e v e d   t h a t   had  l o w e r   v o l t a g e s   b e e n  

u s e d ,   t he   c u r v e   86  wou ld   h a v e   t u r n e d   down  s h a r p l y   a t   a n d  

b e l o w   a b o u t   1  v o l t   of  b i a s ,   as  e v i d e n c e d   by  the   l o s s   i n  

s i g n a l   in  t he   p r e v i o u s   e x p e r i m e n t   whe re   t h e   f e ed   t h r o u g h  

was  g r o u n d e d .  

The  F i g .   3  g r a p h   was  p r o d u c e d   u s i n g   a  s a m p l e r  

o r i f i c e   36'  of  s i z e   .027   i n c h e s   in  d i a m e t e r .   T h i s   was  a  

r e l a t i v e l y   s m a l l   o r i f i c e ,   and  as  w i l l   be  n o t e d   p r e s e n t l y ,  

t h e   s i z e   of  t he   s a m p l e r   o r i f i c e   36'   has   a  s u b s t a n t i a l   i n -  

f l u e n c e   on  the   e f f e c t s   p r o d u c e d   by  t h e   RF  b i a s   v o l t a g e  

a p p l i e d   to   t he   s k i m m e r   p l a t e   4 6 ' .  

Curve   88  in  F i g .   4  was  p r o d u c e d   u s i n g   t h e   s a m e  

d a t a   u s e d   to  p r o d u c e   t h e   F i g .   3  g r a p h .   In  F i g .   4  t h e   i o n  



t r a n s m i s s i o n   i s   p l o t t e d   on  t h e   Y  a x i s   and  t h e   p h a s e   o n  

t h e   X  a x i s .   The  same  s i z e   s a m p l e r   o r i f i c e   was  u s e d   a s  

t h a t   f o r   F i g .   3.  A  c o n s t a n t   RF  b i a s   v o l t a g e   of   2 . 3 2  

v o l t s   p e a k - t o - p e a k   was  a p p l i e d   to  t h e   s k i m m e r   p l a t e   4 6 ' .  

I t   w i l l   be  s e e n   t h a t   t h e   o p t i m u m   ion   t r a n s m i s s i o n   o c c u r -  

r ed   a t   a  p h a s e   s e t t i n g   of  a b o u t   2 9 0 ° ,   and  t h a t   t h e   r a t i o  

b e t w e e n   t h e   b e s t   and  w o r s e   ion   t r a n s m i s s i o n s   was  a p p r o x i -  

m a t e l y   2 . 5   a t   t h e   b i a s   v o l t a g e   u s e d .  

R e f e r e n c e   is   n e x t   made  to  F i g .   5,  w h i c h   is   a  

p l o t   t h e   same  as  t h a t   shown  f o r   F i g .   1  b u t   w i t h   o n l y   t w o  

c u r v e s   90,   92  p l o t t e d .   C u r v e   90  i s   f o r   a  p h a s e   s e t t i n g  

of   0°  and  c u r v e   92  is   f o r   a  p h a s e   s e t t i n g   of   2 7 0 ° .   F o r  

p h a s e   s h i f t s   of   90°  and  1 8 0 ° ,   e s s e n t i a l l y   no  ion   t r a n s -  

m i s s i o n   o c c u r r e d .   For  t h e   F i g .   5  p l o t   a  l a r g e r   s a m p l e r  

o r i f i c e   36 '   of   . 0 3 4   i n c h   d i a m e t e r   was  u s e d .   I t   w i l l   b e  

s e e n   t h a t   in  t h i s   a r r a n g e m e n t   t h e   b e s t   ion   t r a n s m i s s i o n  

o c c u r r e d   a t   a  much  h i g h e r   s k i m m e r   b i a s   v o l t a g e   of   a b o u t  

5 .4  v o l t s   p e a k - t o - p e a k .   The  r a t i o   b e t w e e n   t h e   ion   t r a n s -  

m i s s i o n s   0°  and  a t   270°  a t   t h i s   v o l t a g e   was  a b o u t   15.  I t  

i s   n o t e d   t h a t   t h e   p h a s e   s e t t i n g s   shown  in  F i g .   5  c a n n o t  

be  c o m p a r e d   w i t h   t h o s e   of  F i g .   4  b e c a u s e   a  s l i g h t l y   d i f -  

f e r e n t   v o l t a g e   d r o p p i n g   n e t w o r k   ( n o t   shown)   a d j a c e n t   t h e  

f e e d   t h r o u g h   74  was  u s e d   f o r   t h e   F i g .   5  p l o t   and  w o u l d  

have   p r o d u c e d   a  d i f f e r e n c e   in  t he   p h a s e   s h i f t s .  

F i g .   6  i s   a  p l o t   s i m i l a r   to  t h a t   of   F i g .   4  b u t  

was  p r o d u c e d   u s i n g   t h e   same  d a t a   as  t h a t   u s e d   to   p r o d u c e  

F i g .   5,  w i t h   a  s a m p l e r   o r i f i c e   s i z e   of   . 034   i n c h e s   and  a n  



RF  b i a s   v o l t a g e   of  5 .4   v o l t s   p e a k - t o - p e a k .   As  s h o w n ,   t h e  

b e s t   ion  t r a n s m i s s i o n   o c c u r r e d   a t   0°  ( o r   3 6 0 ° ) .   I o n  

t r a n s m i s s i o n   a p p e a r e d   v i r t u a l l y   to  c e a s e   b e t w e e n   90°  a n d  

2 7 0 ° .  

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

c o m p l e x   and  no t   e n t i r e l y   u n d e r s t o o d ,   i t   i s   c l e a r   f rom  t h e  

e x p e r i m e n t s   t h a t   ion  t r a n s m i s s i o n   can  be  o p t i m i z e d   by  a p -  

p l y i n g   an  RF  b i a s   to  t h e   s k i m m e r   p l a t e   4 6 ' ,   p r o v i d e d   t h a t  

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

i t   is   c l e a r   t h a t   t h e   v a r i a t i o n   of  ion  t r a n s m i s s i o n   w i t h  

c h a n g e s   in  t h e   p h a s e   and  a m p l i t u d e   of  t he   RF  b i a s   i s  

g r e a t e r   w i t h   a  l a r g e r   d i a m e t e r   s a m p l e r   o r i f i c e   3 6 ' ,   a n d  

t h a t   h i g h e r   RF  b i a s   v o l t a g e s   a r e   r e q u i r e d   w i t h   t he   l a r g e r  

d i a m e t e r   s a m p l e r   o r i f i c e   f o r   o p t i m u m   ion  t r a n s m i s s i o n .  

I t   is  b e l i e v e d   t h a t   t h e   b i a s   s i g n a l   a p p l i e d   t o  

the   s k i m m e r   p l a t e   46'   p r o d u c e s   g r e a t e r   e f f e c t s   w i t h   a 

l a r g e r   d i a m e t e r   s a m p l e r   o r i f i c e   36'   f o r   t h e   f o l l o w i n g  

r e a s o n s .   As  m e n t i o n e d ,   t h e   h e a t i n g   c u r r e n t s   in  t h e   p l a s -  

ma  30  c a n n o t   be  e l i m i n a t e d ,   and  t h e r e f o r e   t h e r e   w i l l   a l -  

ways  be  an  RF  v o l t a g e   s w i n g   in  t he   p l a s m a   ( t y p i c a l l y   o f  

up  to  a b o u t   10  v o l t s )   e v e n   when  t he   c o i l   12'  is   c e n t e r  

t a p p e d .   When  a  s m a l l   d i a m e t e r   s a m p l e r   o r i f i c e   36'   i s  

u s e d ,   t he   s k i m m e r   p l a t e   46 '   i s   b e t t e r   i n s u l a t e d   f rom  t h e  

p l a s m a   3 0 ' .   In  t h i s   s i t u a t i o n   a  c o o l   b o u n d a r y   l a y e r  

t e n d s   to  form  o v e r   t h e   s a m p l e r   p l a t e   32'   a n d ,   t o g e t h e r  

w i t h   t he   s m a l l e r   o r i f i c e   3 6 ' ,   i n s u l a t e s   t he   s k i m m e r   p l a t e  

46"  f rom  t h e   RF  v o l t a g e   in  t h e   p l a s m a .   When  t h e   s a m p l e r  



o r i f i c e   36 '   is  l a r g e r ,   t h e   c o o l   b o u n d a r y   l a y e r   is  l e s s  

p r o n o u n c e d   and  in  a d d i t i o n   t h e   s k i m m e r   p l a t e   46'   is   i n  

b e t t e r   e l e c t r i c a l   c o n t a c t   w i t h   t h e   p l a s m a   30'   and  i s  

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

I f   t he   s k i m m e r   p l a t e   46'   were   s i m p l y   g r o u n d e d ,  

t h e n   f o r   a b o u t   1/2  of  t h e   RF  c y c l e   t h e   p l a s m a   30'   w o u l d  

be  n e g a t i v e   w i t h   r e s p e c t   to  t he   s k i m m e r   p l a t e   46'   a n d  

f o r m a t i o n   of  a  p o s i t i v e   ion   beam  f rom  t h e   p l a s m a   t h r o u g h  

t h e   s k i m m e r   o r i f i c e   48 '   may  be  e x p e c t e d   to  be  i n h i b i t e d .  

I f   t h e   RF  b i a s   a p p l i e d   to  t he   s k i m m e r   p l a t e   46'   is   a l w a y s  

n e g a t i v e   w i t h   r e s p e c t   to   t he   p l a s m a ,   t h e n   ion  e x t r a c t i o n  

may  be  f a v o u r e d   o v e r   t h e   e n t i r e   RF  c y c l e   r a t h e r   t h a n   o v e r  

o n l y   h a l f   of   t he   c y c l e .   T h i s   may  a c c o u n t   f o r   t he   a p p r o x -  

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

RF  b i a s e d   c a s e s .  

In  a d d i t i o n   i t   a p p e a r s   t h a t   t h e   ion   o p t i c   s y s -  

tem  56'   may  more  f a v o u r a b l y   a c c e p t   an  ion   beam  i f   t h e  

s k i m m e r   p l a t e   46'   has   a  c o n s t a n t   p o t e n t i a l   d i f f e r e n c e  

w i t h   r e s p e c t   to  t h e   p l a s m a   3 0 ' .   Ion   o p t i c   t r a n s m i s s i o n  

d e p e n d s   on  t he   ion  e n e r g y ,   w h i c h   d e p e n d s   p a r t l y   on  t h e  

v o l t a g e   on  the   s k i m m e r   p l a t e   46'   and  p a r t l y   on  t he   v o l -  

t a g e   in  t h e   p l a s m a .   I f   t he   v o l t a g e   d i f f e r e n c e   b e t w e e n  

t h e   s k i m m e r   p l a t e   46'   and  t h e   p l a s m a   30 '   i s   k e p t   c o n -  

s t a n t ,   t h e n   i t   a p p e a r s   t h a t   t h e   ion   o p t i c   s y s t e m   56'  m a y  

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

of   t h e   i o n s   w h i c h   e n t e r   i t ,   as  o p p o s e d   to   an  a r r a n g e m e n t  

in  w h i c h   t h e   v o l t a g e   i s   c o n s t a n t l y   v a r y i n g .   In  a d d i t i o n ,  



p r a c t i c a l   ion  o p t i c s   l e n s   s y s t e m s   may  more  f a v o r a b l y   a c -  

c e p t   an  ion  beam  i f   t h e   s k i m m e r   p l a t e   46'   is   a  few  v o l t s  

p o s i t i v e   or  n e g a t i v e   w i t h   r e s p e c t   to  t he   p l a s m a .   Thus   a  

s u i t a b l e   RF  b i a s   may  be  e x p e c t e d   to  o p t i m i z e   the   i o n  

t r a n s m i s s i o n   t h r o u g h   t h e   ion  o p t i c s   l e n s   s y s t e m   5 6 .  

I t   was  a l s o   n o t e d   t h a t   t h e   b a c k g r o u n d   n o i s e  

l e v e l   v a r i e d   w i t h   t h e   RF  b i a s   ( b u t   r e m a i n e d   r e l a t i v e l y  

low  in  a l l   c a s e s ) .   The  r e a s o n s   f o r   t h i s   e f f e c t   a re   n o t  

c l e a r   bu t   two  p o s s i b i l i t i e s   a re   s u g g e s t e d .   The  f i r s t   i s  

t h a t   t he   r e s i d u a l   v o l t a g e   sw ing   r e m a i n i n g   in  t he   p l a s m a  

may  have   been   s u f f i c i e n t   to  c a u s e   a  v e r y   weak  d i s c h a r g e  

in  t h e   f i r s t   s t a g e   38'   of  t he   v a c u u m   c h a m b e r   ( w h e r e   t h e  

p r e s s u r e   was  a b o u t   1  t o r r ,   as  c o m p a r e d   w i t h   a b o u t   1 0 - 5  

t o r r   in  most   of   t h e   s e c o n d   s t a g e ) .   B i a s i n g   the   s k i m m e r  

p l a t e   c o r r e c t l y   would   r e d u c e   or  r e m o v e   t h i s   d i s c h a r g e ,  

r e d u c i n g   t he   n o i s e .   A l t e r n a t i v e l y ,   t h e r e   may  have   been   a  

b r e a k d o w n   b e t w e e n   t h e   f i r s t   ion  o p t i c   e l e m e n t   ( n e a r   t h e  

b a s e   of  t h e   s k i m m e r   p l a t e )   and  t h e   s k i m m e r   p l a t e ,   s i n c e  

t h e   f i r s t   ion  o p t i c   e l e m e n t   had  a  r e l a t i v e l y   h i g h   v o l t a g e  

a p p l i e d   to  i t   and  was  in  a  r e g i o n   of  f a i r l y   h i g h   gas   d e n -  

s i t y   b e c a u s e   of  t h e   j e t   of  gas   t r a v e l l i n g   t h r o u g h   t h e  

s k i m m e r   o r i f i c e   4 8 ' .   The  d i s c h a r g e   f rom  t he   f i r s t   i o n  

o p t i c   e l e m e n t   to  t h e   s k i m m e r   p l a t e   wou ld   be  i n i t i a t e d   b y  

f r e e   e l e c t r o n s   f rom  t h e   p l a s m a   3 0 ' .   I f   t he   s k i m m e r   i s  

b i a s e d   so  as  to  p e r m i t   a  p o s i t i v e   ion  beam  to  be  p r o d u c e d  

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



e l e c t r o n s   f rom  t h e   p l a s m a   may  be  i n h i b i t e d   and  a  b r e a k -  

down  a t   t h e   f i r s t   l e n s   e l e m e n t   r e d u c e d .  

I t   is   n o t e d   t h a t   t he   i m p r o v e m e n t   p r o d u c e d   i n  

i on   t r a n s m i s s i o n   s i g n a l ,   in  t h e   p r e s e n t   e x p e r i m e n t s   by  a  

f a c t o r   of   2,  t o g e t h e r   w i t h   some  n o i s e   r e d u c t i o n ,   can  b e  

a c h i e v e d   a t   m i n i m a l   c o s t ,   s i m p l y   by  a d d i n g   a  few  i n e x p e n -  

s i v e   e l e c t r o n i c   c o m p o n e n t s .  

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

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

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

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

t i a l   d i f f e r e n c e   b e t w e e n   t he   p l a s m a   and  s k i m m e r   and  is   n o t  

s o l e l y   an  ion   o p t i c s   e f f e c t .  

A l t h o u g h   t h e   b i a s   v o l t a g e   or   v o l t a g e s   w e r e  

shown  as  d e r i v e d   f r o m   t h e   g e n e r a t o r   26  or   26 '   and  w e r e  

t h e r e f o r e   p h a s e   l o c k e d   to   t he   RF  v o l t a g e   a p p l i e d   to  t h e  

c o i l   12  or   1 2 ' ,   a  s e p a r a t e   b i a s   v o l t a g e   g e n e r a t o r   can  b e  

u s e d ,   p h a s e   l o c k e d   to   t h e   g e n e r a t o r   26  or   2 6 ' .  



1.  A p p a r a t u s   f o r   s a m p l i n g   i o n s   in  a  p l a s m a   i n t o   a  

v a c u u m   c h a m b e r   c o m p r i s i n g :  

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

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

ond  t e r m i n a l s   and  at   l e a s t   one  t u r n   b e t w e e n  

s a i d   f i r s t   and  s e c o n d   t e r m i n a l s ,   s a i d   t u r n   d e -  

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

of  s a i d   p l a s m a ,   and  ( i i )   g e n e r a t i n g   means   f o r  

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

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

g e n e r a t e   s a i d   p l a s m a ,  

(b)   a  v a c u u m   c h a m b e r   i n c l u d i n g   an  o r i f i c e   p l a t e   d e -  

f i n i n g   a  w a l l   of  s a i d   v a c u u m   c h a m b e r ,  

( c )   s a i d   o r i f i c e   p l a t e   h a v i n g   an  o r i f i c e   t h e r e i n  

l o c a t e d   a d j a c e n t   s a i d   s p a c e   f o r   s a m p l i n g   a  p o r -  

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

s a i d   vacuum  c h a m b e r ,  

(d)  s e c o n d   g e n e r a t i n g   means   f o r   g e n e r a t i n g   a  s e c o n d  

RF  v o l t a g e   of  f r e q u e n c y   the   same  as  t h a t   o f  

s a i d   f i r s t   RF  v o l t a g e   and  p h a s e   l o c k e d   to  s a i d  

f i r s t   RF  v o l t a g e ,  

( e )   and  means   c o n n e c t e d   b e t w e e n   s a i d   o r i f i c e   p l a t e  

and  s a i d   s e c o n d   g e n e r a t i n g   means   f o r   b i a s i n g  

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

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

o r i f i c e .  



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

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

s a i d   s e c o n d   RF  v o l t a g e ,   s a i d   f i r s t   g e n e r a t i n g   m e a n s  

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

3.  A p p a r a t u s   a c c o r d i n g   to  c l a i m   2  and  i n c l u d i n g  

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

4.  A p p a r a t u s   a c c c r d i n g   to  c l a i m   1,  2  or  3  and  i n -  

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

RF  v o l t a g e .  

5.  A p p a r a t u s   f o r   s a m p l i n g   a  p l a s m a   i n t o   a  v a c u u m  

c h a m b e r   c o m p r i s i n g :  

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

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

ond  t e r m i n a l s   and  a t   l e a s t   one   t u r n   b e t w e e n  

s a i d   f i r s t   and  s e c o n d   t e r m i n a l s ,   s a i d   t u r n   d e -  

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

o f   s a i d   p l a s m a ,   and  ( i i )   RF  g e n e r a t i n g   m e a n s  

f o r   g e n e r a t i n g   a  f i r s t   RF  v o l t a g e   to   a p p l y   t o  

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

to  g e n e r a t e   s a i d   p l a s m a ,  

(b )   a  v a c u u m   c h a m b e r   h a v i n g   f i r s t   and   s e c o n d   v a c u u m  

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

an  o u t e r   w a l l   of  s a i d   v a c u u m   c h a m b e r ,   s a i d   s a m -  

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

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



and  h a v i n g  a   s k i m m e r   o r i f i c e   t h e r e i n ,   s a i d   s a m -  

p l e r   p l a t e   and  s k i m m e r   p l a t e   b e i n g   s p a c e d   t o  

d e f i n e   b e t w e e n   t h e m   s a i d   f i r s t   v a c u u m   s t a g e ,  

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

f rom  s a i d   s k i m m e r   p l a t e ,   s a i d   s e c o n d   w a l l   a n d  

s a i d   s k i m m e r   p l a t e   d e f i n i n g   b e t w e e n   them  s a i d  

s e c o n d   v a c u u m   s t a g e ,  

(c)   s a i d   s a m p l e r   o r i f i c e   and  s a i d   s k i m m e r   o r i f i c e  

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

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

vacuum  s t a g e   and  t h r o u g h   s a i d   s k i m m e r   o r i f i c e  

i n t o   s a i d   s e c o n d   v a c u u m   s t a g e ,  

(d)  and  means   c o u p l e d   to   s a i d   RF  g e n e r a t i n g   m e a n s  

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

a p p l y i n g   s a i d   RF  b i a s   v o l t a g e   a t   l e a s t   to  s a i d  

s k i m m e r   p l a t e   to   i n c r e a s e   t he   f l o w   of  s a i d   i o n s  

t h r o u g h   s a i d   s k i m m e r   o r i f i c e .  

6.  A p p a r a t u s   a c c o r d i n g   to  c l a i m   5  i n c l u d i n g   m e a n s  

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

RF  b i a s   v o l t a g e   and  f o r   a p p l y i n g   s a i d   s e c o n d   RF  b i a s   v o l -  

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

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

7.  A p p a r a t u s   a c c o r d i n g   to  c l a i m   6  and  i n c l u d i n g  

means   f o r   a d j u s t i n g   t he   p h a s e   of  s a i d   s e c o n d   b i a s   v o l t -  

a g e .  



8.  A p p a r a t u s   a c c o r d i n g   to  c l a i m   7  and  i n c l u d i n g  

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

v o l t a g e .  

9.  A p p a r a t u s   a c c o r d i n g   to   c l a i m   6  and  i n c l u d i n g  

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

s a i d   f i r s t   and  s e c o n d   b i a s   v o l t a g e s .  

10.  A p p a r a t u s   a c c o r d i n g   to  c l a i m   7  and  i n c l u d i n g  

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

of  s a i d   f i r s t   and  s e c o n d   b i a s   v o l t a g e s .  

11.   A p p a r a t u s   a c c o r d i n g   to   c l a i m   5  and  i n c l u d i n g  

c i r c u i t   means   c o u p l e d   to  s a i d   c o i l   to   r e d u c e   t h e   p e a k -  

t o - p e a k   v o l t a g e   s w i n g   in  s a i d   p l a s m a .  

12.   A p p a r a t u s   a c c o r d i n g   to  c l a i m   11  and  i n c l u d i n g  

m e a n s   f o r   a d j u s t i n g   the   p h a s e   of   s a i d   f i r s t   b i a s   v o l t a g e .  

13 .   A p p a r a t u s   a c c o r d i n g   to   c l a i m   12  and  i n c l u d i n g  

m e a n s   f o r   a d j u s t i n g   t h e   a m p l i t u d e   of   s a i d   f i r s t   b i a s   v o l -  

14.  A p p a r a t u s   a c c o r d i n g   to   any  one  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   s a i d   v a c u u m   c h a m b e r   i n c l u d e s  a   m a s s  

a n a l y z e r   t h e r e i n .  



15.  A p p a r a t u s   a c c o r d i n g   to   any  one  of  c l a i m s   5  t o  

13,  w h e r e i n   s a i d   v a c u u m   c h a m b e r   i n c l u d e s   a  mass   a n a l y z c r  

in  s a i d   s e c o n d   v a c u u m   s t a g e ,   s a i d   mass   a n a l y z e r   i n c l u d i n g  

a  q u a d r u p o l e   mass   s p e c t r o m e t e r .  

16.  A  m e t h o d   of  s a m p l i n g   i o n s   in  a  p l a s m a   i n t o   a  

v a c u u m   c h a m b e r   c o m p r i s i n g :  

(a)  a p p l y i n g   a  h i g h   f r e q u e n c y   e l e c t r i c a l   c u r r e n t   t o  

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

(b)  r e d u c i n g   t h e   p e a k - t o - p e a k   v o l t a g e   v a r i a t i o n s   i n  

s a i d   p l a s m a   by  l i m i t i n g   t he   v o l t a g e   v a r i a t i o n s  

in  s a i d   c o i l   a t   a  p o s i t i o n   b e t w e e n   the   e n d s  

t h e r e o f ,  

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

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

uum  c h a m b e r   and  t h e n   t h r o u g h   a  s k i m m e r   o r i f i c e  

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

(d)  and  a p p l y i n g   an  RF  b i a s   v o l t a g e   of  t he   s a m e  

f r e q u e n c y   as  s a i d   e l e c t r i c a l   c u r r e n t   to  s a i d  

s k i m m e r   o r i f i c e   to   i n c r e a s e   t h e   ion  t r a n s m i s -  

s i o n   t h e r e t h r o u g h .  

17.  A  m e t h o d   a c c o r d i n g   to  c l a i m   17  and  i n c l u d i n g  

t h e   s t e p   of   a d j u s t i n g   t h e   p h a s e   and  a m p l i t u d e   of  s a i d   RF 

b i a s   v o l t a g e   f o r   o p t i m u m   i o n   t r a n s m i s s i o n .  

18.  A  m e t h o d   a c c o r d i n g   to  c l a i m   18  and  i n c l u d i n g  

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

s t a g e   of   s a i d   v a c u u m   c h a m b e r .  
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