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©  Microfocus  X-ray  tube. 

Disclosed  is  a  reusable  microfocus  X-ray  tube  adapted  to 
generate  a  relatively  large  number  of  X-rays  in  a  relatively 
short  period  of time  using  a  narrowly focused  electron  beam. 
The  X-ray  tube  comprises  means  for  producing  a  dense, 
narrow  electron  beam  (16,  18),  a  target  anode  (22),  and 
means  for  moving  the  target  anode  (24,  28)  so  that  it  is 
stationary  during  production  of the  X-rays  but  a  fresh  portion 
of  the  surface  of  the  target  anode  is  presented  to  the  electron 
beam  each  time  the  X-ray  tube  is  used.  The  target  anode  is 
preferably  in  the  form  of  a  ribbon. 



B a c k g r o u n d   of  t h e   I n v e n t i o n  

T h i s   i n v e n t i o n   r e l a t e s   to  m i c r o f o c u s   X - r a y   t u b e s   s u c h  

as  a r e   u s e d   to  t a k e   m e d i c a l   X - r a y s .   In  such  X - r a y   t u b e s ,  

t h e   e l e c t r o n   beam  is   f o c u s e d   on  an  e x t r e m e l y   s m a l l   p o i n t  

on  t h e   t a r g e t ,   w h i c h   has   t he   m e d i c a l   a d v a n t a g e   t h a t   t h e  

X - r a y   s i l h o u e t t e   i s   v e r y   c l e a r   and  c r i s p .   H o w e v e r ,   t h e  

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

t a r g e t   no  m a t t e r   w h a t   k i n d   of  c o o l i n g   d e v i c e   i s   u s e d ,   a n d  

t h e r e f o r e   e i t h e r   t he   X - r a y   t a r g e t   i s   consumed   in  one  u s e  

or  f e w e r   e l e c t r o n s   a r e   u s e d   in  t h e   beam  t h a n   would   o t h e r -  

w i s e   be  d e s i r a b l e .   In  p a r t i c u l a r ,   i t   i s   h i g h l y   d e s i r a b l e  

in  m e d i c a l   X - r a y   work  to   use   an  e x t r e m e l y   s h o r t   e x p o s u r e  
t i m e   so  t h a t   t he   m o t i o n   of  t h e   p a t i e n t   or  of  t h e   p a t i e n t ' s  

i n s i d e   o r g a n s   d o e s   n o t   smea r   t h e   p i c t u r e .   H o w e v e r ,   w i t h  

p r i o r - a r t   m i c r o f o c u s   t u b e s ,   t h e   e x p o s u r e   t i m e   must   b e  

r e l a t i v e l y   l o n g   to  g e t   e n o u g h   X - r a y s   to  form  t he   p i c t u r e  

b e c a u s e   t h e   r a t e   of  X - r a y   p r o d u c t i o n   i s   so  s m a l l .  

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

a r e   n o t   i n t e n d e d   to  be  e x h a u s t i v e ,   b u t   r a t h e r   a re   a m o n g  

many  w h i c h   t e n d   to  r e d u c e   t h e   e f f e c t i v e n e s s   of  p r i o r - a r t  

m i c r o f o c u s   X - r a y   t u b e s .   O t h e r   n o t e w o r t h y   p r o b l e m s   may  

a l s o   e x i s t ;   h o w e v e r ,   t h o s e   p r e s e n t e d   above   s h o u l d   b e  

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

a p p e a r i n g   in  t he   p r i o r - a r t   h ave   n o t   b e e n   a l t o g e t h e r  

s a t i s f a c t o r y .  



O b j e c t s   of   t h e   I n v e n t i o n  

I t   i s ,   t h e r e f o r e ,   a  g e n e r a l   o b j e c t   of  t he   i n v e n t i o n  

to   p r o v i d e   a  m i c r o f o c u s   X - r a y   t u b e   w h i c h   w i l l   o b v i a t e   o r  
m i n i m i z e   p r o b l e m s   of   t h e   t y p e   p r e v i o u s l y   d e s c r i b e d .  

I t ' i s   a  p a r t i c u l a r   o b j e c t   of  t h e   i n v e n t i o n   to  p r o v i d e  

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

r e l a t i v e l y   l a r g e   n u m b e r   of   X - r a y s   in   a  r e l a t i v e l y   s h o r t  

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

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

a  m i c r o f o c u s   X - r a y   t u b e   w h e r e i n   t h e   X - r a y   t u b e   c o m p r i s e s  

means   f o r   m o v i n g   t h e   t a r g e t   a n o d e   so  t h a t   i t   i s   s t a t i o n e r y  

d u r i n g   p r o d u c t i o n   of   X - r a y s   b u t   a  f r e s h   p o r t i o n   of  t h e  

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

beam  e a c h   t i m e   t h e   X - r a y   t u b e   i s   u s e d .  

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

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

f o r m   of  a  r i b b o n .  

O t h e r   o b j e c t s   and  a d v a n t a g e s   of  t h e   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   a p p a r e n t   f rom  t h e   d e t a i l e d   d e s c r i p t i o n   o f   a  

p r e f e r r e d   e m b o d i m e n t   g i v e n   h e r e i n a f t e r   t a k e n   in  c o n j u n c t i o n  

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

D e s c r i p t i o n   of   t h e   P r i o r   A r t  

Many  X - r a y   t u b e s   of  t h e   t y p e   u s e d   in   t a k i n g   m e d i c a l  

X - r a y s   a r e   known  w h i c h   e m p l o y   more  or  l e s s   e l a b o r a t e  

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

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

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

t a r g e t   a n o d e   f a r   in   e x c e s s   of  t h e   c r o s s - s e c t i o n a l   a r e a   o f  

t h e   e l e c t r o n   beam.   R e p r e s e n t a t i v e   of  t h e   awkward   d e s i g n s  

o t h e r s   s k i l l e d   in   t h e   a r t   h a v e   r e s o r t e d   to   r e m o v e   a n d  

d e c o n c e n t r a t e   t h e   h e a t   g e n e r a t e d   by  t h e   a c t i o n   of  t h e  

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

in   U .S .   p a t e n t   no.   3 , 8 2 5 , 7 8 6 ,   i s s u e d   J u l y   23,  1974 ,   t o  

E i n i g h a m m e r   e t   a l .  



Many  o t h e r   X - r a y   t u b e s   of  t h e   t y p e   u s e d   in  t a k i n g  

m e d i c a l   X - r a y s   a r e   known  in  w h i c h   s i m i l a r l y   e l a b o r a t e  

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

c o n t a c t   w i t h   t he   t a r g e t   anode   d u r i n g   i m p i n g e m e n t   of  t h e  

e l e c t r o n   beam.   The  c o o l i n g   f l u i d   may,  f o r   e x a m p l e ,   b e  

w a t e r   or  a i r .  

O t h e r   t y p e s   of  X - r a y   t u b e s   n o t   s u i t a b l e   f o r   use   i n  

t a k i n g   m e d i c a l   X - r a y s ,   b u t   s u i t a b l e   f o r   u se   in  X - r a y  

c r y s t a l o g r a p h y ,   a r e   known  in  w h i c h   t h e   t a r g e t   anode   c a n  

be  moved  b e t w e e n   i m p i n g e m e n t s   of  t h e   e l e c t r o n   b e a m .  

T y p i c a l   of  t h e s e   a r e   t h e   d e v i c e s   shown  in  U.S .   p a t e n t   n o .  

2 , 2 9 8 , 3 3 5 ,   i s s u e d   O c t o b e r   13,  1 9 4 2 ,   to  A t l e e ,   and  U . S .  

p a t e n t   no.  3 , 7 5 3 , 0 2 0 ,   i s s u e d   A u g u s t   4,  1 9 7 3 ,   to  Z i n g a r o .  

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

t a r g e t   a n o d e s   made  of   d i f f e r e n t   m a t e r i a l s ,   and  t h e   d e v i c e s  

p e r m i t   t h e   o p e r a t o r   to  a l t e r n a t e   f rom  one  t a r g e t   anode   t o  

a n o t h e r   to   o b t a i n   d i f f e r e n t   r e a d i n g s   f rom  t h e   d i f f e r e n t  

t y p e s   of  a n o d e s .   H o w e v e r ,   t h e y   do  n o t   c a u s e   the   a u t o m a t i c  

s u b s t i t u t i o n   of  one  t a r g e t   a n o d e   f o r   a n o t h e r   a f t e r   e a c h  

u s e ,   and  t h e   o p e r a t o r   c o u l d   (an  in   many  c a s e s   would)   u s e  

t h e   same  s e g m e n t   of  t h e   same  t a r g e t   a n o d e   many  t i m e s   b e f o r e  

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

such   as  a r e   d i s c l o s e d   in  A t l e e   and  Z i n g a r o   do  n o t   c a u s e  

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

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

p o r t i o n   of  t h e   t a r g e t   anode   i s   p r e s e n t e d   to   t he   e l e c t r o n  

beam  when  a  g i v e n   t a r g e t   a n o d e   i s   u s e d   on  a  s u b s e q u e n t  

o c c a s i o n ,   i t   w o u l d   be  a c c i d e n t a l   or  i n c i d e n t a l ,   no t   c a u s e d  

d e l i b e r a t e l y   and  c o n s i s t e n t l y .  

F i n a l l y ,   U .S .   p a t e n t   no.   3 , 2 9 0 , 5 4 0 ,   i s s u e d   D e c e m b e r  

6,  1 9 6 6 ,   d i s c l o s e s   an  e l e c t r o n   d i s c h a r g e   t u b e   h a v i n g   a  

m o v a b l e   c a t h o d e   t a p e .   The  t a p e   s e r v e s   as  an  e m i s s i v e  

e l e m e n t ,   and  t h e   t a p e   can  be  i n c r e m e n t e d   a f t e r   i t   h a s  

become   p i t t e d   f rom  u s e .   H o w e v e r ,   t h e   p i t t i n g   of  a n  

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

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



of  a  t a r g e t   a n o d e   due   to   t h e   i m p i n g e m e n t   of  an  e l e c t r o n  
b e a m .  

The  D r a w i n g s  

F i g u r e   1  i s   a  p e r s p e c t i v e   v i e w   of  t h e   p r e s e n t l y  

p r e f e r r e d   e m b o d i m e n t   of   an  X - r a y   t u b e   a c c o r d i n g   to  t h e  

i n v e n t i o n .  

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

f o r   t h e   X - r a y   t u b e   shown  in  F i g u r e   1 .  

D e t a i l e d   D e s c r i p t i o n   of  t h e  
P r e s e n t l y   P r e f e r r e d   E m b o d i m e n t  

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

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

10  and  a  h i g h   v o l t a g e   l i n e   12,  f i l a m e n t   c u r r e n t   w i r e s   1 4 ,  

a  h e a t e r   c a t h o d e   16,  and  an  e l e c t r o n   beam  c o l l i m a t o r   18  

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

n a r r o w   e l e c t r o n   beam  20.  I n s t e a d   of  t h e   c o n v e n t i o n a l  

c o n i c a l   t a r g e t   a n o d e ,   h o w e v e r ,   t h e   s u b j e c t   X - r a y   t u b e  

p r e f e r a b l y   h a s   a  t a r g e t   a n o d e   in  t h e   f o rm  of  a  r i b b o n   22  

t r a i n e d   a r o u n d   two  s p o o l s   24  m o u n t e d   w i t h i n   t h e   X - r a y  

t u b e   on  b r a c k e t   26.  The  r i b b o n   22  i s   p r e f e r a b l y   made  o f  

t u n g s t e n ,   b u t   in   any  e v e n t   t h e   w o r k i n g   s u r f a c e   of  t h e  

r i b b o n   22  i s   made  of  a  s i n g l e   anode   m a t e r i a l .  

A l s o   m o u n t e d   w i t h i n   t h e   X - r a y   t u b e   i s   a  s t e p p i n g  

m o t o r   28  w h i c h   i s   o p e r a t i v e l y   c o n n e c t e d   to   t h e   s p o o l s  

24  v i a   a  d r i v e   b e l t   30.  Power   f o r   t h e   m o t o r   28  i s  

s u p p l i e d   by  m o t o r   w i r e s   32,  and  t he   m o t o r   28  and  t h e  

t a r g e t   a n o d e   22  a r e   g r o u n d e d   by  g r o u n d   w i r e   3 4 .  

The  r o u g h e n e d   p o r t i o n s   of  t h e   r i b b o n   22  c a u s e d   b y  

i m p i n g e m e n t   of  t h e   e l e c t r o n   beam  20  a r e ,   of  c o u r s e ,  

g r e a t l y   e x a g e r a t e d   in   s i z e   f o r   c l a r i t y .   In  f a c t ,   t h e  

r o u g h e n e d   p o r t i o n s   a r e   a p p r o x i m a t e l y   50  m i c r o n s   in  d i a m e t e r ,  

and  t h e i r   c e n t e r - t o - c e n t e r   d i s t a n c e   ( i . e . ,   t he   a m o u n t   b y  

w h i c h   t h e   s t e p p i n g   m o t o r   28  i n c r e m e n t s   t h e   r i b b o n   22  e a c h  

t i m e   i t   i s   a c t u a t e d )   i s   a p p r o x i m a t e l y   100  m i c r o n s .  



In  u s e ,   a c t i v a t i o n   of  t he   h e a t e r   c a t h o d e   16  and  t h e  

m o t o r   28  i s   c o o r d i n a t e d   so  t h a t   t h e   r i b b o n   22  i s   s t a t i o n a r y  

d u r i n g   p r o d u c t i o n   of  X - r a y s   36,   b u t   a  f r e s h   p o r t i o n   of  t h e  

s u r f a c e   of  t h e   r i b b o n   22  i s   p r e s e n t e d   to  t he   e l e c t r o n   b e a m  

20  e a c h   t i m e   t h e   X - r a y   t u b e   i s   u s e d .   Each  use   of  t h e   X - r a y  

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

s p o t   on  t h e   r i b b o n   22  on  w h i c h   t h e   e l e c t r o n   beam  20  i s  

f o c u s e d ,   b u t   t h e   r i b b o n   22  i s   t h e n   moved  on  by  a  s h o r t  

d i s t a n c e ,   much  in   t h e   f a s h i o n   of  a  t y p e w r i t e r   r i b b o n ,  

b e f o r e   t h e   X - r a y   t u b e   i s   u s e d   a g a i n .  

F i g u r e   2  shows   in  s c h e m a t i c   fo rm  e x e m p l a r y   means   f o r  

c o o r d i n a t i n g   t h e   e l e c t r o n   p r o d u c i n g   means  and  t h e   r i b b o n  

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

s w i t c h e s   38,   40,  and  42  and  t h r e e   c i r c u i t s ,   one  of  w h i c h  

is   c o n t r o l l e d   by  e a c h   of  t he   s w i t c h e s .   The  g a n g e d   s w i t c h e s  

may  be  o p e r a t e d   s i m u l t a n e o u s l y   by  a  s i n g l e   p u s h   b u t t o n   ( n o t  

s h o w n ) .   One  of  t h e   t h r e e   c i r c u i t s   c o m p r i s e s   a  v o l t a g e  

s o u r c e   44,  t h e   s w i t c h   42,  and  t h e   f i l a m e n t   c u r r e n t   w i r e s  

14.  A n o t h e r   of  t h e   t h r e e   c i r c u i t s   c o m p r i s e s   a  h i g h   v o l t a g e  

g e n e r a t o r   46  g r o u n d e d   a t   48,  t h e   s w i t c h   40,  and  t h e   h i g h  

v o l t a g e   l i n e   12.  S i n c e   t h e s e   c i r c u i t s   a r e   c o n v e n t i o n a l ,  

t h e y   w i l l   n o t   be  d e s c r i b e d   f u r t h e r .   The  t h i r d   c i r c u i t ,  

h o w e v e r ,   i s   n o t   c o n v e n t i o n a l ,   f o r   i t   is   t he   c i r c u i t   w h i c h  

c o o r d i n a t e s   t h e   f i r s t   two  c i r c u i t s   and  t he   s t e p p i n g   m o t o r  

28.  I t   c o m p r i s e s   t h e   s w i t c h   38,  a  b a t t e r y   40  ( w h i c h   m a y  

be  t h e   same  as  b a t t e r y   4 4 ) ,   a  t i m e r   52,  w h i c h   may  f o r  

i n s t a n c e   be  a  two  s e c o n d   t i m e r ,   a  p u l s e   g e n e r a t o r   54,  a  

d r i v e r   c a r d   56,  and  m o t o r   w i r e s   3 2 .  

A c t i v a t i o n   of  t he   g a n g e d   s w i t c h e s   40  and  42  c a u s e s  

g e n e r a t i o n   of  an  e l e c t r o n   beam  l a s t i n g   l e s s   t h a n   1 / 1 0   o f  

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

a c t u a t i o n   of  t h e   s w i t c h   38  a c t u a t e s   t he   t w o - s e c o n d   t i m e r  

52.  A f t e r   e l a p s e   of  t he   two  s e c o n d s ,   t he   p u l s e   g e n e r a t o r  

54  e m i t s   a  p u l s e   w h i c h   a c t u a t e s   t he   d r i v e r   c a r d   56,  a n d  

t h e   d r i v e r   c a r d   56  c a u s e s   t h e   s t e p p i n g   m o t o r   28  t o  

i n c r e m e n t .   The  i n c r e m e n t   of  t h e   s t e p p i n g   m o t o r   28  m a y ,  



f o r   i n s t a n c e ,   be  1 . 8 ° ,   and  t h e   s p o o l s   24  and  t h e   t a k e - o f f  

s p o o l   c o n n e c t e d   to  t h e   s t e p p i n g   m o t o r   28  a r e   s i z e d   s o  
t h a t   a  1 . 8 °   i n c r e m e n t   of   t h e   s t e p p i n g   m o t o r   c a u s e s   t h e  

r i b b o n   22  to   a d v a n c e   by  a p p r o x i m a t e l y   100  m i c r o n s .  

S i n c e   t h e   t i m e   e l a p s e   b e t w e e n   X - r a y s   i s   much  more  t h a n  

two  s e c o n d ,   t h e   i l l u s t r a t e d   a p p a r a t u s   i n s u r e s   t h a t   a  

f r e s h   p o r t i o n   of  t h e   s u r f a c e   of  t h e   r i b b o n   22  i s   p r e s e n t e d  

to  t h e   e l e c t r o n   beam  upon   e a c h   a c t u a t i o n   of  t h e   b e a m .  

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

p l a t i o n   of   t h e   i n v e n t i o n   f o r   t h e   t a r g e t   a n o d e   to   t a k e   o n  

s h a p e s   o t h e r   t h a n   t h e   i l l u s t r a t e d   r i b b o n   s h a p e .   I t   m a y ,  
f o r   i n s t a n c e ,   be  in  t h e   s h a p e   of  a  w h e e l   or   a  c o n e .   No 

m a t t e r   w h a t   i t s   s h a p e ,   h o w e v e r ,   t h e   common  f e a t u r e   o f ' t h e  

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

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

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

A d v a n t a g e s   of  t he   I n v e n t i o n  

From  t h e   f o r e g o i n g   d e s c r i p t i o n   of  a  m i c r o f o c u s   X - r a y  

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

i n v e n t i o n ,   t h o s e   s k i l l e d   in  t h e   a r t   w i l l   r e c o g n i z e   s e v e r a l  

a d v a n t a g e s   w h i c h   s i n g u l a r l y   d i s t i n g u i s h   t h e   s u b j e c t  

i n v e n t i o n   f rom  p r e v i o u s l y   known  d e v i c e s .   Some  of  t h o s e  

a d v a n t a g e s   a r e   s e t   f o r t h   b e l o w .   H o w e v e r ,   w h i l e   t h e  

f o l l o w i n g   l i s t   of  a d v a n t a g e s   i s   b e l i e v e d   to   be  b o t h  

a c c u r a t e   and  r e p r e s e n t a t i v e ,   i t   d o e s   n o t   p u r p o r t   to   b e  

e x h a u s t i v e .  

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

t h a t   i t   i s   r e u s a b l e ,   y e t   i t   g e n e r a t e s   a  r e l a t i v e l y   l a r g e  

n u m b e r   of  X - r a y s   in  a  r e l a t i v e l y   s h o r t   p e r i o d   of  t i m e  

f r o m   a  n a r r o w l y   f o c u s e d   e l e c t r o n   b e a m .  

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

p r o d u c e s   X - r a y   s i l h o u e t t e s   w h i c h   a r e   v e r y   c l e a r   and  c r i s p .  

In  p a r t i c u l a r ,   s i n c e   t h e   X - r a y   s i l h o u e t t e s   a r e   made  in  a  

s h o r t   t i m e   e x p o s u r e ,   m o t i o n   of  t h e   p a t i e n t ' s   o r g a n s   d o e s  

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



CAVEAT 

W h i l e   t h e   p r e s e n t   i n v e n t i o n   has   b e e n   i l l u s t r a t e d   b y  

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

i t   w i l l   be  o b v i o u s   to  t h o s e   s k i l l e d   in  t h e   a r t   t h a t   v a r i o u s  

c h a n g e s   in   fo rm  and  d e t a i l   can   be  made  t h e r e i n   w i t h o u t  

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

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

a p p e n d e d   t h e r e t o   and  n o t   by  t h e   f o r e g o i n g   p r e f e r r e d  

e m b o d i m e n t .  



1.  A  m i c r o f o c u s   X - r a y   t u b e   c o m p r i s i n g :  

(a)  a p p a r a t u s   (16 ,   18)  f o r   p r o d u c i n g   a  d e n s e ,  

n a r r o w   e l e c t r o n   beam  a n d  

(b)  a  t a r g e t   a n o d e   ( 2 2 ) ,  

c h a r a c t e r i z e d   in  t h a t :  

t h e   X - r a y   t u b e   f u r t h e r   c o m p r i s e s   a p p a r a t u s  

( 2 4 , 2 8 )   f o r   m o v i n g   s a i d   t a r g e t   a n o d e   ( 2 2 )  

so  t h a t   i t   i s   s t a t i o n a r y   d u r i n g   p r o d u c t i o n  

of   X - r a y s   b u t   a  f r e s h   p o r t i o n   of  t h e   s u r f a c e  

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

beam  e a c h   t i m e   t h e   X - r a y   t u b e   i s   u s e d ,   s u c h   t h a t  

a  r e l a t i v e l y   l a r g e   n u m b e r   of  X - r a y s   can  b e  

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

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

d e s t r o y i n g   t h e   X - r a y   t u b e .  

2.  A  m i c r o f o c u s   X - r a y   t u b e   as  r e c i t e d   in   C l a i m   1  w h e r e i n  

s a i d   t a r g e t   a n o d e   i s   in  t h e   fo rm  of  a  r i b b o n   ( 2 2 ) .  

3.  A  m i c r o f o c u s   X - r a y   t u b e   as  r e c i t e d   in   C l a i m   2 

w h e r e i n   s a i d   t a r g e t   a n o d e   i s   made  of  t u n g s t e n .  

4.  A  m i c r o f o c u s   X - r a y   t u b e   as  r e c i t e d   in   C l a i m   2  w h e r e i n  

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

s p o o l s   (24)  m o u n t e d   w i t h i n   t h e   X - r a y   t u b e .  

5.  A  m i c r o f o c u s   X - r a y   t u b e   as  r e c i t e d   in   C l a i m   4  w h e r e i n  

t h e   a p p a r a t u s   f o r   m o v i n g   c o m p r i s e s   a  m o t o r   ( 2 8 )  

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

to  a t   l e a s t   one  of  s a i d   s p o o l s   (24)  to  d r i v e   t h e   s p o o l  

and  a d v a n c e   t h e   a n o d e   r i b b o n .  



6.  A  m i c r o f o c u s   X - r a y   t u b e   f o r   t a k i n g   m e d i c a l   X - r a y s  

c o m p r i s i n g :  

(a)  a p p a r a t u s   (16,   18)  f o r   p r o d u c i n g   a  d e n s e ,   n a r r o w  

e l e c t r o n   beam;  a n d  

(b)  a  t a r g e t   a n o d e   ( 2 2 ) ;   a n d  

c h a r a c t e r i z e d   in  t h a t :  

a p p a r a t u s   ( 2 4 , 2 8 )   f o r   m o v i n g   t h e   t a r g e t   a n o d e   ( 2 2 )  

w i t h i n   t h e   X - r a y   t u b e   and  i n c l u d i n g :  

a p p a r a t u s   (52,   54,  56)  f o r   c o o r d i n a t i n g   t h e  

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

and  t h e   a p p a r a t u s   f o r   m o v i n g   t h e   t a r g e t   so  t h a t  

s a i d   t a r g e t   a n o d e   (22)  i s   s t a t i o n a r y   d u r i n g  

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

s u r f a c e   of  s a i d   t a r g e t   a n o d e   is   p r e s e n t e d   t o  

t h e   e l e c t r o n   beam  in   e a c h   i n s t a n c e   t he   X - r a y  

t u b e   i s   u s e d ,  

s u c h   t h a t   a  r e l a t i v e l y   l a r g e   number   of  X - r a y s  

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

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

w i t h o u t   d e s t r o y i n g   t h e   u s e f u l n e s s   of  t he   X - r a y  

t u b e .  

7.  A  m i c r o f o c u s   X - r a y   t u b e   as  r e c i t e d   in   C l a i m   6  w h e r e i n  

t h e   t a r g e t   anode   i s   in   t h e   fo rm  of  a  r i b b o n   wound  o n  

s p o o l s .  

8.  A  m i c r o f o c u s   X - r a y   t u b e   as  r e c i t e d   in  C l a i m   7  w h e r e i n  

s a i d   t a r g e t   anode   i s   made  of  t u n g s t e n .  

9.  A  m e t h o d   of  g e n e r a t i n g   a  r e l a t i v e l y   l a r g e   number   o f  

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

r e - u s a b l e   m i c r o f o c u s   X - r a y   t u b e   c o m p r i s i n g   a p p a r a t u s  

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

and  a  t a r g e t   anode   ( 2 2 ) ,  



t h e   m e t h o d   b e i n g   c h a r a c t e r i z e d   by  t h e  

s t e p   o f :  

m o v i n g   t h e   t a r g e t   a n o d e   (22)  so  t h a t   i t   i s  

s t a t i o n a r y   d u r i n g   p r o d u c t i o n   of   an  X - r a y  

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

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

beam  e a c h   t i m e   t h e   X - r a y   t u b e   i s   u s e d .  

10.   A  m e t h o d   as  r e c i t e d   in   C l a i m   9  w h e r e i n   t h e   t a r g e t  

a n o d e   i s   moved  by  a  s h o r t   d i s t a n c e   b e t w e e n   u s e s   o f  

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

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