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(54)  Charged  particle  energy  analyzer. 
(§)  A  charged  particle  energy  analyzer  comprises  a  source  (8) 
for  generating  radiation  to  be  incident  on  a  sample  (10)  so  as 
to  emit  charged  particles  from  the  sample,  a  low  energy  pass 
reflection  filter  for  selectively  reflecting  the  charged  particles 
having  energy  lower  than  a  first  value,  a  high  energy  pass 
transmission  filter  (G5)  for  selectively  transmitting  the 
charged  particles  having  energy  lower  than  a  second  value. 
The  low  energy  pass  filter  comprises  a  reflector  (4)  and  a  first 
grid  (G3).  The  reflector  (4)  is  a  spheroid  mirror  having  two 
complex  focuses,  in  a  symmetrical  manner,  at  which  the  sam- 
ple  and  a  detector  are  disposed.  The  detector  (7)  detects  the 
selected  charged  particles. 
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A charged particle energy analyzer comprises a source (8) 
for  generating  radiation  to  be  incident  on  a  sample  (10)  so  as 
to  emit  charged  particles  from  the  sample,  a  low  energy  pass 
reflection  filter  for  selectively  reflecting  the  charged  particles 
having  energy  lower  than  a  first  value,  a  high  energy  pass 
transmission  filter  (G6)  for  selectively  transmitting  the 
charged  particles  having  energy  lower  than  a  second  value. 
The  low  energy  pass  filter  comprises  a  reflector  (4)  and  a  first 
grid  (G3).  The  reflector  (4)  is  a  spheroid  mirror  having  two 
complex  focuses,  in  a  symmetrical  manner,  at  which  the  sam- 
ple  and  a  detector  are  disposed.  The  detector  (7)  detects  the 
selected  charged  particles. 





BACKGROUND  OF  THE  INVENTION 

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  an  c h a r g e d   p a r t i c l e   e n e r g y  

a n a l y z e r   f o r   s u c h   as  e l e c t r o n   s p e c t r o s c o p y   and  i o n   s p e c t r o -  

s c o p y ,   a n d  ,   more  p a r t i c u l a r l y ,   to  an  e n e r g y   a n a l y z e r   of  t h e  

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

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

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

FIG.  1  shows  one  of  t he   c o n v e n t i o n a l   c o m b i n a t i o n s   of  a  l o w  

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

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

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

as  d i s c l o s e d   in   U . S .   P a t e n t   No.  3 , 7 4 9 , 9 2 6   g r a n t e d   t o  J e r a l d  

D.  Lee ,   i s s u e d   on  J u l y   31,   1 9 7 3 ,   e n t i t l e d   "CHARGED  PARTICLE 

ENERGY  A N A L Y S I S " .  

The  g e o m e t r y   of  FIG.   1  c o n t a i n s   a  low  e n e r g y   p a s s   r e f l e c t i o n  

f i l t e r   and  a  h i g h   e n e r g y   p a s s   t r a n s m i s s i o n   f i l t e r .   The  l o w  



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

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

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

f i l t e r   is  f e a t u r e d   by  s e l e c t i v e l y   t r a n s m i t t i n g   e l e c t r o n s  

h a v i n g   e n e r g y   h i g h e r   t h a n   a  p r e d e t e r m i n e d   v a l u e .  

In   F IG .   1,  t h e   low  e n e r g y   p a s s   f i l t e r   i s   p r o v i d e d   w i t h   a  

s p h e r i c a l   m i r r o r   M  h a v i n g   a  c u r v a t u r e   c e n t e r   0,  and  a  

s p h e r i c a l   g r i d   G1,  w h i c h   a r e   a r r a n g e d   as  a  c o n c e n t r i c   c i r c l e .  

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

d o u b l e   s p h e r i c a l   g r i d s   G2  and  G3  h a v i n g   t h e   c u r v a t u r e   c e n t e r  

0.  The  m i r r o r   M  h a s   a  p o t e n t i a l   of  V1.  The  g r i d   G3  h a s  

a n o t h e r   p o t e n t i a l   of  V2.  The  g r i d s   G1  and   G2  a r e   p l a c e d   i n  

t h e   same  p o t e n t i a l   of  Va  and  a p p r o p r i a t e   v o l t a g e   a r e   a p p l i e d  

b e t w e e n   t he   g r i d   G1  and  t h e   s p h e r i c a l   m i r r o r   M,  and  the   g r i d s  

G2  and   G 3 .  

When  an  i n j e c t i o n   p o i n t   i s   d i s p o s e d   on  a  p o i n t   S  a d j a c e n t   t h e  

c e n t e r   0  f r o m   w h i c h   c h a r g e d   p a r t i c l e s   a r e   d i v e r g e d ,   the   c h a r g e d  

p a r t i c l e s   h a v i n g   e n e r g y   l o w e r   t h a n   e | V 1 |  a r e   r e f l e c t e d  b y   t h e  

m i r r o r   M,  so  t h a t   t h e y   a r e   c o n v e r g e d   to  a  p o i n t   a d j a c e n t   t h e  

c e n t e r   0.  They  a r e   d i v e r g e d   t o w a r d   t he   h i g h   e n e r g y   p a s s  

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

e | V 2 |  a r e   t r a n s m i t t e d   t h r o u g h   t he   g r i d   G 3 .  



F i n a l l y ,   t he   c h a r g e d   p a r t i c l e s   h a v i n g   t h e  e n e r g y   h i g h e r   t h a n  

e | V 2 |  a n d   l o w e r   t h a n   e | V 1 |  c a n   be  c o l l e c t e d   by  a  d e t e c t o r   d i s -  

p o s e d   b e h i n d   t he   g r i d   G3.  The  c h a r g e d   p a r t i c l e s   d i v e r g e d   f r o m  

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

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

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

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

b a n d   w i d t h   can   be  o b t a i n e d .  

H o w e v e r ,   s i n c e   the   low  e n e r g y   p a s s   r e f l e c t i o n   f i l t e r   and  t h e  

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

t h e   c u r v a t u r e   c e n t e r   0,  t he   e n e r g y   a n a l y z e r   m u s t   be  l a r g e   a s  

s u c h .   F u r t h e r m o r e ,   a  s a m p l e   c a n n o t   be  p l a c e d   c l o s e   to  t h e  

p o i n t   S,  b e c a u s e   t h e r e   is  no  s p a c e   to  s e t   an  e x c i t i n g   s o u r c e  

s u c h   as  an  X - r a y   s o u r c e ,   an  e l e c t r o n   gun ,   n e a r   the   s a m p l e ,   s o  

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

p a r t i c l e s   f rom  the   e x c i t e d   s a n y   s u r f a c e   to  t he   p o i n t   S .  

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

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

T h e r e f o r e ,   i t   is  d e s i r e d   to  p r o v i d e   a  c o m p a c t   c h a r g e d   p a r t i c l e  

e n e r g y   a n a l y z e r ,   w h i c h   h a s   no  l e n s   s y s t e m .  



SUMMARY  OF  THE  INVENTION 

A c c o r d i n g l y ,   i t   is   an  o b j e c t   of  t he   p r e s e n t   i n v e n t i o n   to  p r o -  

v i d e   an  i m p r o v e d   c h a r g e d   p a r t i c l e   e n e r g y   a n a l y z e r   of  h i g h  

s e n s i t i v i t y .  

I t   i s   a n o t h e r   o b j e c t   of  t he   p r e s e n t   i n v e n t i o n   to  p r o v i d e   a  

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

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

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

I t   i s   a  f u r t h e r   o b j e c t   of  t he   p r e s e n t   i n v e n t i o n   to  p r o v i d e   a n  

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

w h i c h   a  d e t e c t o r   c an   be  d i s p o s e d   a t   a  f o c u s   p o s i t i o n .  

I t   i s   a  f u r t h e r   o b j e c t   of  the   p r e s e n t   i n v e n t i o n   to  p r o v i d e   a n  

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

w h i c h   an  e x c i t i n g   s o u r c e   e l e m e n t   s u c h   as  an  X - r a y   gun ,   an  e l e c t r o n  

gun  and  an  i o n   gun  i s   p o s i t i o n e d   a t   one  s i d e   of  t he   a n a l y z e r .  

I t   i s   a  f u r t h e r   o b j e c t   of  the   p r e s e n t   i n v e n t i o n   to  p r o v i d e   a n  

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

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

O t h e r   o b j e c t s   and  f u r t h e r   s c o p e   of  a p p l i c a b i l i t y   of  t he   p r e -  

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

t i o n   g i v e n   h e r e i n a f t e r .   I t   s h o u l d   be  u n d e r s t o o d ,   h o w e v e r ,  



t h a t   t he   d e t a i l e d   d e s c r i p t i o n   and  s p e c i f i c   e x a m p l e s ,   w h i l e  

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

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

c a t i o n s   w i t h i n   the   s p i r i t   and  s c o p e   of  the   i n v e n t i o n   w i l l  

b e c o m e   a p p a r e n t   to  t h o s e   s k i l l e d   in   the   a r t   f r o m   t h i s   d e t a i l e d  

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

To  a c h i e v e   t h e   a b o v e   o b j e c t s ,   p u r s u a n t   to  an  e m b o d i m e n t   of  t h e  

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

a  s o u r c e   or   a  gun  f o r   g e n e r a t i n g   r a d i a t i o n   to  be  i n c i d e n t   on  a  

s a m p l e   so  as  to  e m i t   c h a r g e d   p a r t i c l e s   f r o m   t he   s a m p l e ,   a  l o w  

e n e r g y   p a s s   r e f l e c t i o n   f i l t e r   means   f o r   s e l e c t i v e l y   r e f l e c t i n g  

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

t he   low  e n e r g y   p a s s   r e f l e c t i o n   f i l t e r   means   c o m p r i s i n g   a  r e f l e c -  

t o r   and  a  f i r s t   g r i d   m e a n s ,   and  a  h i g h   e n e r g y   p a s s   t r a n s m i s s i o n  

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

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

The  r e f l e c t o r   has   two  c o m p l e x   f o c u s e s ,   in   a  s y m m e t r i c   r e l a t i o n ,  

a t   w h i c h   the   s a m p l e   and  a  d e t e c t o r   means   a r e   d i s p o s e d .   T h e  

d e t e c t o r   d e t e c t s   the   c h a r g e d   p a r t i c l e s   s e l e c t e d .  

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

s p e c t r o s c o p y   f o r   c h e m i c a l   a n a l y s i s   (ESCA),   XPS,  AES,  and  S I M S .  



BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

The  p r e s e n t   i n v e n t i o n   w i l l   b e c o m e   more   f u l l y   u n d e r s t o o d   f r o m  

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

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

t h u s   a r e   n o t   l i m i t a t i v e   of  t h e   p r e s e n t   i n v e n t i o n   and  w h e r e i n :  

F IG .   1  Shows  one  of  t h e   c o n v e n t i o n a l   c o m b i n a t i o n s   of  a  l o w  

e n e r g y   p a s s   r e f l e c t i o n   f i l t e r   and  a  h i g h   e n e r g y   p a s s   t r a n s m i s -  

s i o n   f i l t e r   f o r   a  c o n v e n t i o n a l   c h a r g e d   p a r t i c l e s   e n e r g y   a n a l y z e r ;  

FIG.   2  shows   a  c o n s t r u c t i o n   of  a  c h a r g e d   p a r t i c l e   e n e r g y  

a n a l y z 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 ;  

. 

F IG .   3  shows  a  g r a p h   r e p r e s e n t i n g   c h a r a c t e r i s t i c s   of  a  f i l t e r  

means   p r o v i d e d   i n   t h e   a n a l y z e r   as  shown  in   F I G .  2 ;   a n d  

FIG.   4  shows   an  e n l a r g e d   v i ew  of  a  f i l t e r   means   f o r   r e f l e c t i n g  

c h a r g e d   p a r t i c l e 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 .  

DESCRIPTION  OF  THE  PREFERRED  EMBODIMENT 

FIG.   2  shows  a  c o n s t r u c t i o n   of   a  c h a r g e d   p a r t i c l e   e n e r g y  

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



(ESCA)  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 .   I t   may  be  e v i d e n t  

t h a t   t he   c h a r g e d   p a r t i c l e   e n e r g y   a n a l y z e r   of  FIG.   2  is   a d a p t e d  

f o r   XPS,  AES,  and  S I M S .  

The  c h a r g e d   p a r t i c l e   e n e r g y   a n a l y z e r   of  F IG.   2  c o m p r i s e s   a n  

a n a l y z e r   body   1,  and  i n l e t   s l e e v e   2,  an  o u t l e t   s l e e v e   3,  a  f i r s t  

g r i d   G1,  a  s e c o n d   g r i d   G2,  a  t h i r d   g r i d   G3,  a  f o u r t h   g r i d   G 4 ,  a  

f i f t h   g r i d   G5,  and  a  s i x t h   g r i d   G6,  a  s p h e r o i d   m i r r o r   4,  e l e c t r o -  

s t a t i c   s h i e l d s   5,  e x h a u s t i o n   p o r t s   6,  and  an  e l e c t r o n   m u l t i p l i e r  

7 .  

The  a b o v e - c o n s t r u c t e d   a n a l y z e r   i s   s h i e l d e d   by  a  m a g n e t i c   s h i e l d  

8.  An  X - r a y   gun  8  w i t h   an  X - r a y   f i l t e r   9  is   p r o v i d e d   a d j a c e n t  

t he   a n a l y z e r .   A  s a m p l e   10  is   d i s p o s e d   u n d e r   t he   i n l e t   s l e e v e  

2,  b e i n g   a d j a c e n t   t he   X - r a y   gun  8.  The  a n a l y z e r ,   t he   X - r a y  

8,  and  the  s a m p l e   10  a re   d i s p o s e d   w i t h i n   a  vacuum  c h a m b e r   11  f o r  

v a c u u m   p u m p i n g .  

The  X - r a y   gun  8  is   p r o v i d e d   f o r   i r r a d i a t i n g   t he   s a m p l e   10  w i t h  

a  beam  of  c h a r a c t e r i s t i c   X - r a y s ,   so  t h a t   t he   c h a r g e d   p a r t i c l e ,  

in  t h i s   c a s e ,   a r e   e m i t t e d   f r o m   the   s a m p l e   10.  I t   may  be  p o s s i b l e  

t h a t   t he   X - r a y   gun  8  is  r e p l a c e d  b y   an  e l e c t r o n   gun  and  an  i o n  

gun .   The  c h a r g e d   p a r t i c l e s   d i s p e r s e   t o w a r d   t he   i n l e t   s l e e v e   2 .  

The  o u t l e t   s l e e v e   3  r e c e i v e s   the   p h o t o e l e c t r o n s   s e l e c t e d   i n  



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

g r i d s .  

The  s p h e r o i d   m i r r o r   4  h a s   two  f o c u s e s   c l o s e   to  t he   c e n t r a l  

s u r f a c e   of  t h e   s a m p l e   10  and   t he   c e n t r a l   s u r f a c e   of  the   e l e c t r o n  

m u l t i p l i e r   7,  w h i c h   a r e   s y m m e t r i c a l   as  t he   c e n t r a l   a x i s   of  t h e  

m i r r o r   4.  The  a n a l y z e r   body   1  c o v e r s   t h e   a n a l y z e r ,   w h o l l y .  

The  t h i r d   g r i d   G3  i s   d i s p o s e d   in   f r o n t   of   t h e   s p h e r o i d   m i r r o r  

4,  so  t h a t   t h e   g r i d   G3  i s   p a r a l l e l   w i t h  t h e   m i r r o r  4 .   The  t h i r d  

g r i d   G3  and  t he   s p h e r o i d   m i r r o r   4  f o r m   a  low  e n e r g y   p a s s   r e f l e c -  

t i o n   f i l t e r .   The  f i r s t   g r i d   G1  is   p r o v i d e d   f o r   p r e v e n t i n g  

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

g r i d   G2  i s   p r o v i d e d   f o r   m a k i n g   a  r e t a r d i n g   f i e l d .   The  f i r s t  

g r i d   G1  and  t h e   s e c o n d   g r i d   G2  a r e   a r r a n g e d   a t   t he   i n l e t   s l e e v e  

2.  T h e s e   g r i d s   G1  and   G2  a r e   c o n c e n t r i c   w i t h   t he   c e n t e r   of  t h e  

s a m p l e   1 0 .  

The  f o u r t h   g r i d   G4,  t h e   f i f t h   g r i d   G5  and  t h e   s i x t h   g r i d   G6 

a r e   d i s p o s e d   a t   t he   o u t l e t   s l e e v e   3.  The  p h o t o - e l e c t r o n s   h a v i n g  

h i g h   e n e r g y   can   p a s s   t h r o u g h   t h e   f i f t h   g r i d   G5.  The  s i x t h   g r i d  

G6  i s   p r o v i d e d   to  a c c e l e r a t e   t h e   p h o t o e l e c t r o n s .   The  f o u r t h  

g r i d   G4,  t he   f i f t h   g r i d   G5  and  t h e   s i x t h   g r i d   G6  a r e   c o n c e n t r i c  

w i t h   t h e   c e n t e r   of  t h e   e l e c t r o n   m u l t i p l i e r   7 .  



The  r i n g   12  i s   p r o v i d e d   f o r   s u p p o r t i n g   the   t h i r d   g r i d   G3.  T h e  

m i r r o r   4  made  f r o m   a l u m i n u m   has   a  s p h e r o i d a l   r e f l e c t i o n   s u r f a c e .  

On  the   s u r f a c e   of  the   m i r r o r   4,  c a r b o n   14  is  c o a t e d   to  h a v e  

b e t t e r   c o n d u c t i v i t y   and  to  r e d u c e   s e c o n d a r y   e l e c t r o n s .   T h e  

i n s u l a t o r   13  made  f rom  c e r a m i c   w h o s e   s u r f a c e   is   c o a t e d   w i t h   f i l m  

h a v i n g   h i g h   r e s i s t i v i t y   is   a  g u a r d   r i n g   p r o v i d e d   f o r   p r e v e n t i n g  

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

the   t h i r d   g r i d   G3,  the   f i r s t   g r i d   G1  and  the   s e c o n d   g r i d   G2,  a n d  

the   f o u r t h   g r i d   G4  and  the   f i f t h   g r i d   G 5 .  

The  e x h a u s t i o n   p o r t s   6  a re   p r o v i d e d   t h r o u g h   w h i c h   a i r   can   b e  

e a s i l y   e v a c u a t e d   f r o m   the  a n a l y z e r   b o d y   1.  The  e l e c t r o s t a t i c  

s h i e l d   5  is   p r o v i d e d   to  p r e v e n t   the   f i e l d   e f f e c t   t h r o u g h   t h e  

p o r t s   f r o m   t h e   o u t e r   p a r t .   The  e l e c t r o n   m u l t i p l i e r   7  is   p r o v i d e d  

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

W h i l e   the   p h o t o e l e c t r o n s   a re   e m i t t e d   f r o m   the   s a m p l e  1 0   in   r e s -  

p o n s e   to  the   i r r a d i a t i o n   of  the   c h a r a c t e r i s t i c   X - r a y s   by  t h e  

X - r a y   gun  8,  t he   i r r a d i a t e d   p h o t o e l e c t r o n s   a r e   r e c e i v e d   b y  

the   i n l e t   s l e e v e   2.  At  t h i s   t i m e ,   t h e   r e s p e c t i v e   p a r t s   h a v e  

t he   f o l l o w i n g   v o l t a g e .  

The  s a m p l e   10:  0  v o l t  

The  f i r s t   g r i d   G1:  0  v o l t  

The  s e c o n d   g r i d   G2:  -VA  v o l t  



The  t h i r d   g r i d   G3:  -VA  v o l t  

The  s p h e r o i d   m i r r o r   4:  - V A - ( E 0 '  +  Δ E '  2 )   v o l t   ( = V 1 )  

The  f o u r t h   g r i d   G4:  -VA  v o l t  

The  f i f t h   g r i d   G5:  - V A - ( E 0 -   ΔE 2)  v o l t   ( = V 2 )  

The  s i x t h   g r i d   G6:  [ - V A - ( E 0 -   ΔE 2)  +  VD]  v o l t  

w h e r e  Δ E = a   h a l f   w i d t h   v o l t ,   VD  =  1 0 0 -  2 0 0   v o l t  

p r e f e r a b l y  

eEo   ( a n a l y z e r   p a s s   e n e r g y )  =   0 - 2 0 0   e V .  

e  E o ' = e E o · c o s @ ,   Δ E ' = Δ E · c o s @  

The  s a m p l e   10  and  t h e   f i r s t   g r i d   G1  a r e   b o t h   g r o u n d e d   t o g e t h e r  

w i t h   t h e   i n l e t   s l e e v e   2  a t   t h e   i n t e r v a l   b e t w e e n   t h e   s a m p l e   1 0  

and  t h e   f i r s t   g r i d   G1.  As  s t a t e d   a b o v e ,   t h e   s e c o n d   g r i d   G2  i s  

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

l o w e r   t h a n   eVA.  The  p h o t o e l e c t r o n s   h a v i n g   t h e   e n e r g y   h i g h e r   t h a n  

eVA  can   p a s s   t h r o u g h   t h e   s e c o n d   g r i d   G2.  The  s e c o n d   g r i d   G2,  t h e  

t h i r d   g r i d   G 3  a n d   t he   f o u r t h   g r i d   G4  a r e   a l l   b i a s e d   w i t h   t h e  

same  v o l t a g e   t o g e t h e r   w i t h   t h e   a n a l y z e r   b o d y   1  s u r r o u n d i n g   t h e s e  

g r i d s   G2,  G3  and  G4.  T h e r e f o r e ,   a r o u n d   t h e   s p a c e   s u r r o u n d e d   b y  

t h e s e   g r i d s   G2,  G3  and  G4,  and  t he   a n a l y z e r   b o d y   1,  t he   same  v o l t a g e  

is   a p p l i e d .   The  v o l t a g e   VA  i s   to  s c a n   the   e n e r g y .  



The  p h o t o e l e c t r o n s   t r a n s m i t t i n g   the   s e c o n d   g r i d   G2  go  t o w a r d s  

t h e   t h i r d   g r i d   G3  a f t e r   s t r a i g h t   p a s s i n g   t h r o u g h   t he   a b o v e -  

s t a t e d   a p a c e .   The  s p h e r o i d   m i r r o r   4  i s   p r o v i d e d   f o r   s e l e c t i v e l y  

r e f l e c t i n g   the   p h o t o e l e c t r o n s .   S i n c e   the   a b s o l u t e   v a l u e   of  t h e  

v o l t a g e   a t   the   s p h e r o i d   m i r r o r   4  i s   more  t h a n   t h a t   of  t he   v o l -  

t a g e   a t   t he   t h i r d   g r i d   G 3 ,  n a m e l y ,   -(VA  +  Eo'   +  ΔE '  2)   v o l t ,   t h e  

p h o t o e l e c t r o n s   h a v i n g   the   e n e r g y   s m a l l e r   t h a n   e ( V  + E o +   ΔE 2)  a r e  

r e f l e c t e d   by  the   m i r r o r   4  and  the   p h o t o e l e c t r o n s   h a v i n g   t h e  

e n e r g y   l a r g e r   t h a n   e ( V A + E o +  ΔE 2)  c o l l i d e   w i t h   t he   m i r r o r   4  t o  

t h e r e b y   c o n s u m e   the  e n e r g y .   The  a n a l y z e r   p a s s   e n e r g y   Eo  i s  

r e f e r r e d   to  p a s s   e n e r g y   of  the   p h o t o e l e c t r o n s   in  t he   a n a l y z e r .  

S i n c e   t h e   s p h e r o i d   m i r r o r   4  h a s   two  f o c u s e s   c l o s e   to  the  c e n t e r  

of  t he   s a m p l e   10  and  the   c e n t e r   of  the   e l e c t r o n   m u l t i p l i e r   7 ,  

t he   p h o t o e l e c t r o n s   r e f l e c t e d   by  t h e   s p h e r o i d   m i r r o r   4  a r e   d i r e c t e d  

s t r a i g h t   t o w a r d   the   c e n t e r   of  t he   o u t l e t   s l e e v e   3.  The  p h o t o -  

e l e c t r o n s   r e f l e c t e d   by  the   s p h e r o i d   m i r r o r   4  can  t r a n s m i t   t h e  

f o u r t h   g r i d   G4  h a v i n g   the   v o l t a g e   of  -VA.  The  f i f t h   g r i d   G5 

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

the   h i g h   e n e r g y   p a s s   t r a n s m i s s i o n   f i l t e r .   T h e r e f o r e ,   t he   p h o t o -  

e l e c t r o n s   h a v i n g   the   e n e r g y   s m a l l e r   t h a n   e(VA+Eo-ΔE 2)  a r e  

r e f l e c t e d   by  t he   f i f t h   g r i d   G5  and  the   p h o t o e l e c t r o n s  h a v i n g   t h e  

e n e r g y   l a r g e r   t h a n   e(VA+Eo-ΔE 2)  p a s s   the   f i f t h   g r i d   G5.  T h e  

s i x t h   g r i d   G6  a p p l i e d   the   v o l t a g e   VD  is   p r o v i d e d   f o r   a c c e l e r a t i n g  

the   p h o t o e l e c t r o n s .  



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

p l i e r   7,  t h e   e l e c t r o n s   h a v i n g   t h e   e n e r g y   l a r g e r   t h a n   e(VA+Eo-ΔE 2) 

as  s e l e c t e d   by  t h e   f i f t h   g r i d   G5  and   s m a l l e r   t h a n   e ( V A + E o +  ΔE 2) 

as  s e l e c t e d   by  t he   s p h e r o i d   m i r r o r   4,  n a m e l y ,   t h e   e l e c t r o n  

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

F IG.   3  shows  a  g r a p h   r e p r e s e n t i n g   t he   v o l t a g e s   a p p l i e d   to  t h e  

g r i d s   and  the   s p h e r o i d   m i r r o r   4  and  t he   f i l t e r   c h a r a c t e r i s t i c  

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 .   W i t h   t he   h e l p   of  t he   l o w  

e n e r g y   p a s s   r e f l e c t i o n   p r o v i d e d   by  t he   t h i r d   g r i d   G3  and  t h e  

s p h e r o i d   m i r r o r   4  and  t h e   h i g h   e n e r g y   p a s s   t r a n s m i s s i o n   f i l t e r  

p r o v i d e d   by  the   f i f t h   g r i d   G5,  t h e   p h o t o e l e c t r o n s   h a v i n g   t h e  

e n e r g y   in   a  h a l f   w i d t h   o f  e · Δ E   can   be  s e l e c t e d   w h i c h   a r e  

d e t e c t e d   by  t h e   e l e c t r o n   m u l t i p l i e r   7 .  

In   a c c o r d a n c e   w i t h   t h e   a b o v e   p r i n c i p l e ,   t he   e n e r g y   a n a l y s i s   a r e  

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

s e c o n d ,   t h i r d ,   and  f o u r t h   g r i d s   G2,  G3  and  G4  w h i l e   t he   v o l t a g e s  

of   t he   s e c o n d ,   t h i r d ,   and   f o u r t h   g r i d s   G2,  G3  and  G4  a r e   m a d e  

i d e n t i c a l ,   and  t h e   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   g r i d s   G2,  G 3 ,  

G4  and  t h e   s p h e r o i d   m i r r o r   4,  t h e   t h i r d   g r i d   G3,  t he   f i f t h   g r i d  

G5  i s   c o n s t a n t .  



On  t h e   p o s i t i o n   of  t he   e l e c t r o n   m u l t i p l i e r   7,  t h e   e l e c t r o n  

image   of  t h e   s a m p l e   10  i s   made .   The  p h o t o e l e c t r o n s   p a s s e d   t h r o u g h  

t he   f i f t h   g r i d G 5   a r e   so  s l o w ,   as  to  be  z e r o   e l e c t r o n   v o l t .   T h e  

s i x t h   g r i d   G6  is   p r o v i d e d   f o r   a c c e l e r a t i n g   t he   p h o t o e l e c t r o n  

p a s s   t h r o u g h   the   f i f t h   g r i d   G 5 .  

To  o b s e r v e   the   image   of   t he   p h o t o e l e c t r o n s   s e l e c t e d   in   a c c o r d a n c e  

w i t h   t h e   a b o v e   f i l t e r i n g   o p e r a t i o n ,   the   s i x t h   g r i d   G6  is   n e e d e d  

b e t w e e n   t he   f i f t h   g r i d   GS  and  the   e l e c t r o n   m u l t i p l i e r   7  f o r  

o b t a i n i n g   t he   good  i m a g e ,   b e c a u s e   the   o r b i t   of  t h e   e l e c t r o n s  

h a v i n g   v e r y   low  e n e r g y   a r e   e a s i l y   d i s t u r b e d   by  t h e   o u t e r   u n d e s i r e d  

e l e c t r o s t a t i c   p o t e n t i a l   and  m a g n e t i c   f i e l d .   U s u a l l y ,   the   d e t e c t o r  

to   o b t a i n   t he   i n f o r m a t i o n   of  t he   image   is   a  p o s i t i o n   s e n s i t i v e  

one  s u c h   as  a  c h a n n e l   p l a t e   or  t he   f l u o r e s c e n t   s c r e e n   f o l l o w e d  

by  a  v i d e o   c a m e r a .  

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

m i r r o r .   H o w e v e r ,   i t   may  be  p o s s i b l e   t h a t   a  s p h e r i c a l   m i r r o r  

r e p l a c e s   t he   s p h e r o i d   m i r r o r   4  when  the   d i s t a n c e   b e t w e e n   t h e  

s a m p l e   10  and  the  m u l t i p l i e r   7  i s   e n o u g h   s m a l l   as  c o m p a r e d   w i t h  

the   d i s t a n c e   b e t w e e n   t he   m i r r o r   s u r f a c e   and  t he   s a m p l e   10,  a n d  

the   d i s t a n c e   b e t w e e n   t he   m i r r o r   s u r f a c e   and  t he   m u l t i p l i e r   7 .  

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

the   o p t i c a l   d i s t a n c e   b e t w e e n   the   s a m p l e   10  and   t h e   m u l t i p l i e r   7 .  



F I G .   4  shows   an  e n l a r g e d   v i ew   of  a  f i l t e r   means   s u c h   as  t h e  

t h i r d   g r i d   G3  and  t he   s p h e r o i d   m i r r o r   4.  I t   i s   now  d e s c r i b e d  

t h a t   s t r i c t l y   s p e a k i n g ,   t h e   p r i n c i p a l   r a y   in   t h e   a n a l y z e r   i n  

F IG .   2  i s   r e f l e c t e d   by  t h e   s p h e r o i d   m i r r o r   4  as  shown  in  F I G .  

4.  B e f o r e   t he   p h o t o e l e c t r o n s   p a s s   t h r o u g h   t h e   t h i r d   g r i d   G30 

t h e y   r u n   s t r a i g h t .   A f t e r   t h e   p h o t o e l e c t r o n s   p a s s   t h r o u g h   t h e  

t h i r d   g r i d   G3,  t h e y   r u n   s h o w i n g   a  p a r a b o l a   t r a c e   to  t h e r e b y  

be  r e f l e c t e d   by  the   s p h e r o i d   m i r r o r   4  and  be  e m i t t e d   o u t   o f  

t h e   t h i r d   g r i d   G 3 .  

When  t h e   d i s t a n c e   b e t w e e n   t h e   s p h e r o i d   m i r r o r   4  and  the   t h i r d  

g r i d   G 3  i s   d,  an  a p p e a r i n g   r e f l e c t i o n   f a c e   i s   an  s p h e r o i d   f a c e  

s e p a r a t e d   a t   t h e   d i s t a n c e   d  f r o m   t he   s p h e r o i d   m i r r o r   4.  T h e r e -  

f o r e ,   t h e   f o c u s e s   of  t h e   c e n t e r   of  t h e   s p h e r o i d   m i r r o r   4  and  t h e  

d e t e c t o r   7  a r e   n o t   t he   f o c u s   of  t he   s p h e r o i d   m i r r o r   4,  b u t   o n e  

of   a  s p h e r o i d   f a c e   4 ' .  

As  s t a t e d   a b o v e ,   in   a c c o r d a n c e   w i t h   t h e   p r e s e n t   i n v e n t i o n ,   t h e  

s p h e r o i d   m i r r o r   i s   p r o v i d e d   w h i c h   h a s   two  c o m p l e x   f o c u s e s .   On 

t h e   two  c o m p l e x   f o c u s e s ,   t he   s a m p l e   and  the   e l e c t r o n   m u l t i p l i e r  

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

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

t h e   s a m p l e ,   t h e   X - r a y   g u n , '  a n d   the   e l e c t r o n   m u l t i p l i e r   a r e  

d i s p o s e d   o u t s i d e   t he   a n a l y z e r ,   so  t h a t   t h e   p h o t o e l e c t r o n s   in   t h e  



a n a l y z e r   a r e   n o t   p r e v e n t e d   f rom  r a y i n g .   The  p h o t o e l e c t r o n s  

i r r a d i a t e d   f rom  the   s a m p l e   w i t h   w ide   s o l i d   a n g l e s   a re   n o t   l o s t .  

T h e r e f o r e ,   t he   s y s t e m   of  t he   p r e s e n t   i n v e n t i o n   p r o v i d e s   h i g h  

s e n s i t i v i t y   c o n c e r n i n g   t h e   p h o t o e l e c t r o n s   as  c o m p a r e d   w i t h : . t h e  

s y s t e m   of  FIG.   1.  S i n c e   the   e n e r g y   a n a l y z i n g   e l e m e n t s   a r e  

g a t h e r e d   a t   one  s i d e   of  t he   c u r v e   s u r f a c e   of  t he   r e f l e c t e d   m i r r o r ,  

t h e   s i z e   of  t he   s y s t e m   of  FIG.   2  can   be  h a l f   of  t h a t   of  s y s t e m  

of  F IG .   1 .  

The  a d v a n t a g e s   of  t he   p r e s e n t   i n v e n t i o n   a r e   s u m m a r i z e d   a s  

f o l l o w s :  

1.  No  l e n s   s y s t e m   f o r   f o c u s i n g   t h e   c h a r g e d   p a r t i c l e s   e m i t t e d  

f r o m   the   s a m p l e   i s   r e q u i r e d .   The  gun  i s   p o s i t i o n e d   o n l y  

one  s i d e   of  the   a n a l y z e r .   The  m i r r o r   h a v i n g   a  s p h e r o i d a l  

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

t he   a n a l y z e r   is   a t t a i n e d   w i t h   a  c o m p a c t   s y s t e m .  

2.  The  d e t e c t o r   is   p o s i t i o n e d   a t   t he   i m a g e   p o i n t   of  t h e  

s a m p l e .   T h e r e f o r e ,   t he   p o s i t i o n   s e n s i t i v e   a n a l y s i s   c a n  

be  p e r f o r m e d .  

3.  T o t a l l y ,   the   a n a l y z e r   is  h i g h l y   s e n s i t i v e   and  s u p e r i o r .  

The  i n v e n t i o n   b e i n g   t h u s   d e s c r i b e d ,   i t   w i l l   be  o b v i o u s   t h a t   t h e  

same  may  be  v a r i e d   in   many  w a y s .   Such   s p i r i t   and  s c o p e   of  t h e  

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

w i t h i n   the   s c o p e   of  t he   f o l l o w i n g   c l a i m s .  



1.  A  c h a r g e d   p a r t i c l e   e n e r g y   a n a l y z e r   c h a r a c t e r i z e d   b y :  

a  s o u r c e   m e a n s   (8)  f o r   g e n e r a t i n g   r a d i a t i o n   to   be  i n c i d e n t  

on  a  s a m p l e   (10)  so  as  to   e m i t   c h a r g e d   p a r t i c l e s   f rom  t h e   s a m p l e ;  

a  low  e n e r g y   p a s s   r e f l e c t i o n   f i l t e r   means   f o r   s e l e c t i v e l y  

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

f i r s t   v a l u e ,   t h e   low  e n e r g y   p a s s   r e f l e c t i o n   f i l t e r   means   c o m -  

p r i s i n g   a  r e f l e c t o r   (4)  and  f i r s t   g r i d   means   ( G 3 ) ,  

t h e   r e f l e c t o r   (4)  h a v i n g   two  c o m p l e x   f o c u s e s ,   in  a  s y m m e t r i c  

m a n n e r ,   a t   w h i c h   t h e   s a m p l e   (10)  and  a  d e t e c t o r  m e a n s   (7)  a r e  

d i s p o s e d ,   t h e   d e t e c t o r   means   (7)  d e t e c t i n g   t h e   c h a r g e d   p a r t i c l e s ,  

a n d  

a  h i g h   e n e r g y   p a s s   t r a n s m i s s i o n   f i l t e r   means   (G5)  f o r  

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

t h a n   a  s e c o n d   v a l u e .  

2.  The  a n a l y z e r   a c c o r d i n g   to  c l a i m   1,  c h a r a c t e r i z e d   in   t h a t  

t h e   r e f l e c t o r   (4)  i s   a  s p h e r o i d   m i r r o r   or   a  s p h e r i c a l   m i r r o r .  

3.  The  a n a l y z e r   a c c o r d i n g   to   c l a i m   1,  c h a r a c t e r i z e d   by  f u r t h e r  

c o m p r i s i n g   an  a d d i t i o n a l   g r i d   means   (G6)  d i s p o s e d   b e t w e e n   t h e   h i g h  

e n e r g y   p a s s   t r a n s m i s s i o n   f i l t e r   m e a n s   (G5)  and  t h e   d e t e c t o r   ( 7 ) ,  

t h e   a d d i t i o n a l   g r i d   means   (G6)  a c c e l e r a t i n g   t h e   p h o t o e l e c t r o n s .  



4.  The  a n a l y z e r   a c c o r d i n g   to   c l a i m   1,  c h a r a c t e r i z e d   in  t h a t  

t h e   s o u r c e   means   ( 8 ) ,   t h e   low  e n e r g y   p a s s   r e f l e c t i o n   f i l t e r  

means   (4,  G3)  and  t h e   h i g h   e n e r g y   p a s s   t r a n s m i s s i o n   f i l t e r  

means   (G5)  a r e   p o s i t i o n e d   a t   one   s i d e   of  a  c u r v a t u r e   c e n t e r   o f  

t h e   r e f l e c t o r   ( 4 ) .  
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