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@  X-ray  detector  tube. 

An  X-ray  detecor  tube  comprising  an  elongate  housing  (I) 
having  an  elongate  cathode  (2)  and  an  elongate  anode  (4) 
mounted  therein  to  extend  essentially  parallel  with  each  other. 
During  operation,  an  electrical  potential  is  applied  across  the 
anode  and  the  cathode  of  the  evacuated  tube.  A  channel  plate  (3) 
is  mounted  inside  the  housing  between  the  cathode  and  the 
anode  to  extend  essentially  parallel  therewith. 



The  i n v e n t i o n   r e l a t e s   to  an  X-ray  d e t e c t o r   t u b e  

c o m p r i s i n g   an  e l o n g a t e   h o u s i n g   hav ing   an  e l o n g a t e   c a t h o d e  

and  an  e l o n g a t e   anode  mounted  t h e r e i n   to  e x t e n d   e s s e n t i a l l y  

p a r a l l e l   wi th   each  o t h e r ,   in  which  an  e l e c t r i c a l   p o t e n t i a l  

is  a p p l i e d   a c r o s s   the  anode  and  the  c a t h o d e   d u r i n g   o p e r a t i o n  

and  the  tube  has  been  e v a c u a t e d .  

Such  a  d e t e c t o r   tube  is  d i s c l o s e d   in  Dutch  p a t e n t  

a p p l i c a t i o n   7 9 , 0 0 8 7 8 .  

A  drawback  i n h e r e n t   in  the  p r i o r   d e t e c t o r   t u b e  

is  t h a t   the  i n t e n s i f i c a t i o n   of  the  e l e c t r o n s   r e l e a s e d  

in  the  c a t h o d e   in  r e s p o n s e   to  i n c i d e n t   X - r a d i a t i o n   f o r  

e m i s s i o n   to  the  anode  is  r e l a t i v e l y   poor .   As  a  r e s u l t ,  

for  example ,   no  p h o t o d i o d e s   can  be  used  at  the  anode  f o r  

d e t e c t i n g   the  image  p r o d u c e d   on  the  anode  as  in  such  d i o d e s  

the  n o i s e   and  the  dark  c u r r e n t   c o n s t i t u t e   too  l a r g e   a  

p a r t   of  the  f i n a l   s i g n a l   c u r r e n t .   Other   t ypes   of  e l e c t r o n i c  

p r o c e s s i n g   of  the  s i g n a l   r e c e i v e d   at  the  anode  are   l i k e w i s e  

p r o b l e m a t i c   on  a c c o u n t   of  the  e x t r e m e l y   poor  s i g n a l   s t r e n g t h .  

It  is  t h e r e f o r e   an  o b j e c t   of  the  i n v e n t i o n   t o  

p r o v i d e   an  X-ray  d e t e c t o r   tube  in  which  the  i n t e n s i f i c a t i o n  

of  the  X-ray  image  d e t e c t e d   by  the  c a t h o d e   is  c o n s i d e r a b l y  

g r e a t e r   than  t h a t   in  the  p r i o r   t u b e .  

To  t h i s   end,  in  a c c o r d a n c e   wi th   the  i n v e n t i o n  

the  d e t e c t o r   tube  is  p r o v i d e d   wi th   a  s o - c a l l e d   c h a n n e l  

p l a t e   mounted  be tween   the  c a t h o d e   and  the  anode  to  e x t e n d  



e s s e n t i a l l y   p a r a l l e l   t h e r e w i t h .  

The  use  of  such  a  p l a t e   in  p r o x i m i t y   focus   t u b e s  

is  known  per  se.   The  o p e r a t i o n   of  such  a  c h a n n e l   p l a t e ,  

which  is  made  of  s e m i c o n d u c t i v e   g l a s s   and  i n c l u d e s   a  v e r y  

l a r g e   number  of  smal l   c h a n n e l s   e x t e n d i n g   normal   or  p r a c t i c a l l y  

normal   to  the  s u r f a c e   of  the  p l a t e ,   is  d e s c r i b e d   in,   f o r  

example ,   the  a r t i c l e   "Een  b e e l d v e r s t e r k e r   met  p i j p e n p l a a t  

voor  ha rde   r o n t g e n s t r a l i n g "   by  V.  Cha lmeton   in  P h i l i p s  

T e c h n i s c h   T i j d s c h r i f t ,   37,  No.  5 /6 ,   1977,  pages  1 2 8 - 1 3 4 .  

A  major   a d v a n t a g e   of  the  use  of  a  c h a n n e l   p l a t e  

in  an  X-ray  d e t e c t o r   tube  of  the  type  d e s c r i b e d   in  D u t c h  

p a t e n t   a p p l i c a t i o n   79 ,00878  is  t h a t ,   for  a c h i e v i n g   a  good  

r e s u l t ,   the  c h a n n e l - s h a p e d   a p e r t u r e s   in  the  p l a t e   may 

be  of  l a r g e r   d i a m e t e r   than  t h o s e   in  the  known  c h a n n e l  

p l a t e ,   whi le   a l s o   the  c h a n n e l - s h a p e d   a p e r t u r e s   may  b e  

spaced   a  l a r g e r   d i s t a n c e   a p a r t   from  each  o t h e r .   This  p e r m i t s  

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

a  c h a n n e l   p l a t e   in  a  d e t e c t o r   tube  of  the  p r e s e n t   t y p e ,  

the  r e s u l t a n t   i n t e n s i f i c a t i o n   may  be  as  much  as  1000  t i m e s  

g r e a t e r   than  t h a t   in  the  p r i o r   t u b e .   F u r t h e r m o r e ,   s u c h  

use  r e s u l t s   in  improved  image  q u a l i t y   as  the  s p a c i n g   b e t w e e n  

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

t h i s   c a t h o d e   is  l e s s   than  the  s p a c i n g   be tween   the  a n o d e  

and  the  c a t h o d e   in  the  p r i o r   t u b e ,   which  s p a c i n g   is  e x t r e m e l y  

c r i t i c a l   in  c o n n e c t i o n   with  the  i n e v i t a b l e   i n e q u a l i t i e s  

on  the  c a t h o d e   s u r f a c e .  

In  a  d e t e c t o r   tube  with  channe l   p l a t e   a c c o r d i n g  



to  the  i n v e n t i o n   a  c o n v e n t i o n a l   anode  can  be  u sed ,   i . e .  

a  p h o s p h o r   l a y e r   d e p o s i t e d   on  an  anode  s u p p o r t ,   w h i c h  

anode  is  o p e r a t i v e   as  a  v i e w i n g   s c r e e n .   The  image  f o r m e d  

on  t h i s   v i e w i n g   s c r e e n   can  be  f u r t h e r   p r o c e s s e d   by  m e a n s  

of,   for   example ,   p h o t o d i o d e s   as  wel l   as  c o n v e n t i o n a l   o p t i c a l  

m e a n s .  

The  anode  is  p r e f e r a b l y   a r r a n g e d   for  p e r m i t t i n g  

e l e c t r o n i c   p r o c e s s i n g   of  the  e l e c t r o n s   i n c i d e n t   t h e r e o n ,  

which  e l e c t r o n s   are  r e p r e s e n t a t i v e   of  the  i n t e n s i f i e d  

X-ray   i m a g e .  

A  number  of  embodiments   of  anodes  for  use  i n  

an  X-ray   d e t e c t o r   tube   wi th   c h a n n e l   p l a t e   w i l l   be  d e s c r i b e d  

in  g r e a t e r   d e t a i l   h e r e i n a f t e r   wi th   r e f e r e n c e   to  the  a c c o m p a -  

ny ing   d r a w i n g s ,   in  w h i c h :  

Fig .   1  shows  a  d e t e c t o r   tube  a c c o r d i n g   to  t h e  

i n v e n t i o n   with  a  c h a n n e l   p l a t e   and  a  c o n v e n t i o n a l   p h o s p h o r  

l a y e r   a n o d e ;  

F ig .   2  shows  a  d e t e c t o r   tube  a c c o r d i n g   to  t h e  

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

a d a p t e d   for  e l e c t r o n i c   p r o c e s s i n g   of  the  anode  s i g n a l ;  

Fig .   2a  shows  a  v a r i a n t   of  an  anode  t h a t   c a n  

be  used  in  the  tube  of  F ig .   2 ;  

Fig .   2b  shows  a n o t h e r   v a r i a n t   of  the  anode  t h a t  

can  be  used  in  the  tube  of  F ig .   2 ;  

Fig .   3  shows  a  s ide   view  of  a n o t h e r   type  o f  

X-ray  d e t e c t o r   tube  wi th   a  channe l   p l a t e ,   in  which  an  

anode  of  F ig .   2a  is  m o u n t e d ;  



Fig .   4  shows  a  s ide   view  of  yet  a n o t h e r   t y p e  

of  X-ray  d e t e c t o r   tube   wi th   a  channe l   p l a t e ,   in  w h i c h  

an  anode  of  F ig .   2b  is  m o u n t e d ;  

F ig .   5  shows  a  s ide   view  of  an  X-ray  d e t e c t o r  

tube  of  F ig .   3  i n c l u d i n g   a n o t h e r   type  of  a n o d e ;  

F ig .   6  shows  a  f r o n t   view  of  a  v a r i a n t   of  t h e  

anode  t h a t   can  be  used  in  the  embodiment   of  F ig .   5 ;  

F ig .   6a  shows  a  c r o s s - s e c t i o n a l   view  a long   l i n e  

VIa -VIa   in  F ig .   6;  a n d  

Fig .   7  shows  a  s ide   view  of  yet  a n o t h e r   t y p e  

of  a n o d e .  

In  the  f i g u r e s ,   i d e n t i c a l   components   have  b e e n  

d e s i g n a t e d   by  i d e n t i c a l   r e f e r e n c e   n u m e r a l s .  

F ig .   1  shows  in  c r o s s - s e c t i o n a l   view  an  X - r a y  

d e t e c t o r   tube  c o m p r i s i n g   an  e l o n g a t e   h o u s i n g   1  and  a  c a t h o d e  

s u p p o r t   2  on  which  a  l a y e r   of  X-ray  d e t e c t i o n   m a t e r i a l ,  

such  as  CsI,   and  a  p h o t o c a t h o d e   are  p r o v i d e d   in  known 

per  se  manner ,   which  l a y e r   and  p h o t o c a t h o d e   are  not   shown .  

A  c h a n n e l   p l a t e   3  e x t e n d s   s u b s t a n t i a l l y   p a r a l l e l   w i t h  

c a t h o d e   s u p p o r t   2.  This  p l a t e   is  made  of  a  s e m i c o n d u c t i v e  

g l a s s   and  i n c l u d e s   a  l a r g e   number  of  smal l   c h a n n e l s   e x t e n d i n g  

e s s e n t i a l l y   normal   to  the  s u r f a c e   of  the  p l a t e .   For  e x a m p l e ,  

the  c h a n n e l s   may  have  an  a p e r t u r e   of  100  m i c r o m e t e r   and  

may  be  spaced  a  d i s t a n c e   of  l i k e w i s e   100  m i c r o m e t e r   a p a r t  

from  each  o t h e r .   The  p l a t e   has  a  t h i c k n e s s   of ,   for  e x a m p l e ,  

40  t imes   the  d i a m e t e r   of  the  c h a n n e l s .   An  anode  s u p p o r t  

4  e x t e n d s   e s s e n t i a l l y   p a r a l l e l   with  channe l   p l a t e   3  a t  



some  d i s t a n c e   t h e r e f r o m .  

In  a  d e t e c t o r   tube   shown  in  F ig .   1  the  e l e c t r i c a l  

p o t e n t i a l   d i f f e r e n c e s   may  be,  for  e x a m p l e :  

100-1000   v o l t s   be tween   c a t h o d e   2  and  the  s u r f a c e   of  c h a n n e l  

p l a t e   3  f a c i n g   c a t h o d e   2;  500-1500   v o l t s   be tween   the  s u r f a c e s  

of  c h a n n e l   p l a t e   3  f a c i n g   anode  4  and  c a t h o d e   2,  r e s p e c t i v e l y ;  

and  5-10  k v o l t s   be tween   anode  4  and  the  s u r f a c e   of  c h a n n e l  

p l a t e   3  f a c i n g   anode  4 .  

The  tube   shown  in  F ig .   1,  the  e n v e l o p e   of  w h i c h  

is  made  of  g l a s s ,   p r e f e r a b l y   has  i t s   i n n e r   s u r f a c e   p r o v i d e d  

wi th   a  c o n d u c t i v e   c o a t i n g   of ,   for  example ,   copper   e v a p o r a t e d  

t h e r e o n .   O t h e r w i s e ,   f r e e   e l e c t r o n s   in  the  d e t e c t o r   t u b e  

may  s t r i k e   the  g l a s s   tube   wal l   and  cause   t h i s   wa l l   t o  

become  l o c a l l y   c h a r g e d .   Such  a  cha rge   can  so  d i s t u r b   t h e  

f i e l d   in  the  tube  t h a t   the  image  of  the  c a t h o d e   as  f o r m e d  

on  the  anode,   which  image  is  n o r m a l l y   u n d i s t o r t e d   in  p r i n c i p l e ,  

becomes  s l i g h t l y   d i s t o r t e d   i n d e e d .   M o r e o v e r ,   such  a  c h a r g e  

can  cause   f l a s h o v e r   w i t h i n   the  tube  and  the  r e s u l t a n t l y  

o c c u r r i n g   l i g h t   e f f e c t s   d i s t u r b   the  image  and  r e d u c e   t h e  

c o n t r a s t .   The  c o n d u c t i v e   c o a t i n g   on  the  i n n e r   s u r f a c e  

of  the  tube  c a p t u r e s   the  f r ee   e l e c t r o n s   and  t a k e s   c a r e  

of  t h e i r   r e m o v a l .  

In  o r d e r   to  m i n i m i z e   the  o c c u r r e n c e   of  u n d e s i r e d  

r e f l e c t i o n s   of  the  b lue   l i g h t   g e n e r a t e d   in  the  CsI  l a y e r  

on  the  c a t h o d e ,   the  c o n d u c t i v e   c o a t i n g   is  p r e f e r a b l y   o f  

c o p p e r ,   which  is  a  poor  r e f l e c t o r   to  b lue   l i g h t .  

In  the  embodiment   of  Fig .   1  a  known  per  se  p h o s p h o r  



l a y e r   (not   shown)  is  p r o v i d e d   on  anode  s u p p o r t   4.  The 

phospho r   e l e m e n t s   in  t h i s   l a y e r   are  caused   to  f l u o r e s c e  

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

to  i n c i d e n t   X - r a d i a t i o n   and  i n t e n s i f i e d   by  c h a n n e l   p l a t e  

3,  so  t h a t   an  X- ray   image  is  p roduced   which  can  be  f u r t h e r  

p r o c e s s e d   by  c o n v e n t i o n a l   t e c h n i q u e s ,   for  example   by  u s i n g  

o p t i c a l   means,   or  by  s c a n n i n g   by  means  of  p h o t o d i o d e s .  

In  the  embodiment   shown  in  F ig .   2  the  a n o d e  

s u p p o r t   4  is  made  of  an  i n s u l a t i n g   m a t e r i a l ,   such  as  g l a s s  

or  c e r a m i c   m a t e r i a l ,   on  which  a  l a r g e   number  of  m u t u a l l y  

i n s u l a t e d ,   p a r a l l e l ,   s t r i p - l i k e   c o n d u c t o r s   5  has  b e e n  

d e p o s i t e d   by,  for   example ,   e v a p o r a t i o n   in  the  manner  shown 

in  F ig .   2a  and  F ig .   2b.  Each  s t r i p   c o n d u c t o r   5  is  o p e r a t i v e  

as  an  i n d e p e n d e n t   anode  on  which  the  e l e c t r o n s   m u l t i p l i e d  

in  number  by  the  c h a n n e l   p l a t e   are  c o l l e c t e d .   The  c h a r g e  

on  the  r e s p e c t i v e   s t r i p   c o n d u c t o r s   5  is  removed  by  means  

of  a  l a r g e   number  of  l e ads   e x t e n d i n g   t h r o u g h   the  t u b e  

wal l   v ia   a s s o c i a t e d   v a c u u m - t i g h t   b u s h i n g s   6,  which  l e a d s  

are  c o n n e c t e d   to  s t r i p   c o n d u c t o r s   5  at  the  bo t tom  e n d  

of  anode  s u p p o r t   4  in  the  embodiment  of  F ig .   2a  and  a t  

a l t e r n a t e l y   the  bo t tom  end  and  the  top  end  of  anode  s u p p o r t  

4  in  the  embodiment   of  F ig .   2 b .  

I t   is  a l s o   p o s s i b l e   to  have  the  p o r t i o n ( s )   o f  

i n s u l a t i n g   anode  s u p p o r t   4  c a r r y i n g   the  ends  of  s t r i p  

c o n d u c t o r s   5  p r o t r u d e   from  the  d e t e c t o r   t u b e ,   so  t h a t  

no  a d d i t i o n a l   l e a d s   and  b u s h i n g s   are  r e q u i r e d   and  t h e  

ends  of  s t r i p   c o n d u c t o r s   5  p r o t r u d i n g   from  the  tube  c a n  



be  c o n n e c t e d   d i r e c t l y   to  e l e c t r o n i c   c i r c u i t r y   o p e r a t i v e  

to  f u r t h e r   p r o c e s s   the  s i g n a l s   r e c e i v e d   at  the  s t r i p   c o n d u c -  

t o r s .  

F ig .   3  shows  a  v a r i a n t   of  the  d e t e c t o r   t u b e  

of  F ig .   2,  which  i n c l u d e s   an  anode  s u p p o r t   wi th   s t r i p  

c o n d u c t o r s   a r r a n g e d   in  the  manner  of  F ig .   2a.  H o u s i n g  

7  of  the   d e t e c t o r   tube  has  a  t u b u l a r   shape  and  has  i t s  

f o r w a r d   end  c o v e r e d   by  a  f o i l   8  t h a t   is  t r a n s m i s s i v e   t o  

X - r a d i a t i o n ,   which  f o i l   p e r m i t s   a  vacuum  to  be  m a i n t a i n e d  

in  the  t u b e .   V a c u u m - t i g h t   g l a s s - s o l d e r e d   j o i n t   9  s e a l s  

anode  s u p p o r t   4  to  t u b u l a r   h o u s i n g   7 .  

Fig .   4  shows  a  v a r i a n t   of  the  embodiment   o f  

F ig .   3,  in  which  the  d e t e c t o r   tube  i n c l u d e s   an  anode  s u p p o r t  

wi th   s t r i p   c o n d u c t o r s   a r r a n g e d   in  the  manner  of  Fig .   2 b .  

Again ,   the  h o u s i n g   of  the  d e t e c t o r   tube  h a s  

a  t u b u l a r   shape  and  c o n s i s t s   of  a  f i r s t   h o u s i n g   s e c t i o n  

7'  and  a  second  h o u s i n g   s e c t i o n   7"  wi th   anode  s u p p o r t  

4  mounted  be tween   t h e s e   h o u s i n g   s e c t i o n s .   G l a s s - s o l d e r e d  

j o i n t s   9  e n s u r e   a  v a c u u m - t i g h t   s e a l   be tween   the  h o u s i n g  

and  the  anode  s u p p o r t .   In  the  embodiment   of  Fig .   3  s t r i p  

c o n d u c t o r s   5  p r o t r u d e   beyond  the  bo t tom  end  of  the  t u b e  

and  in  the  embodiment   of  F ig .   4  s t r i p   c o n d u c t o r s   5  a l t e r n a t e l y  

p r o t r u d e   beyond  the  top  end  and  the  bo t tom  end  of  t h e  

t u b e ,   so  t h a t   each  of  s t r i p   c o n d u c t o r s   5  is  c o n t a c t a b l e  

o u t s i d e   the  h o u s i n g .   I t   w i l l   be  c l e a r   t h a t   the  e m b o d i m e n t  

of  the  anode  s u p p o r t   a c c o r d i n g   to  Fig .   2b  may  a l so   be  

a p p l i e d   to  the  d e t e c t o r   tubes   s h o w n  i n   F ig .   3  and  t h e  



anode  s u p p o r t   a c c o r d i n g   to  F ig .   2a  to  the  embodiment   o f  

the  d e t e c t o r   tube  shown  in  F ig .   4 .  

S t r i p   c o n d u c t o r s   5  on  the  anode  s u p p o r t   a r e  

m a i n t a i n e d   at  a,  for   example ,   100  v o l t s   h i g h e r   v o l t a g e  

than  the  v o l t a g e   at  the   e x i t   end  of  the  c h a n n e l   p l a t e .  

The  c h a r g e   on  anode  s t r i p s   5  can  be  s e q u e n t i a l l y   a p p l i e d  

to  an  a m p l i f i e r   t h r o u g h   an  e l e c t r o n i c   sw i t ch   mounted  on 

an  e l e c t r o n i c   p r i n t   l o c a t e d   o u t s i d e   the  d e t e c t o r   t u b e ,  

and  can  then  be  f u r t h e r   p r o c e s s e d .   To  p r e v e n t   c h a r g i n g  

of  i n s u l a t i n g   s u p p o r t   4  be tween   s t r i p   c o n d u c t o r s   5,  t h e  

i n s u l a t i n g   s u p p o r t   s hou ld   e i t h e r   be  made  of  a  m a t e r i a l  

of  very   low  e l e c t r i c a l   c o n d u c t i v i t y   or  be  p r o v i d e d   w i t h  

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

the  s t r i p   c o n d u c t o r s .  

The  s t r i p   c o n d u c t o r s   may  have  a  l e n g t h   of,   f o r  

example ,   10  mm  and  may  be  spaced   a  d i s t a n c e   of ,   for  e x a m p l e ,  

0.5  mm  a p a r t   on  the  anode  s u p p o r t .   The  s t r i p   c o n d u c t o r s  

c o l l e c t   a l l   cha rge   o r i g i n a t i n g   from  a  s t r i p   of ,   for  e x a m p l e ,  

CsI  of  the  same  h e i g h t   as  t h a t   of  the  c o n d u c t o r s ,   w h i c h  

s t r i p   is  p r o v i d e d   on  the  c a t h o d e   s u p p o r t .  

In  the  embodiment   shown  in  F ig .   5  the  a n o d e  

c o n s i s t s   of  an  i n s u l a t i n g   s u p p o r t   4  of,   for  example ,   g l a s s  

or  c e r a m i c   m a t e r i a l ,   t h r o u g h   which  s u p p o r t   4  c o n d u c t i v e  

p ins   10  e x t e n d .   P ins   10  a l l o w   removal   of  the  cha rge   t o  

o u t s i d e   the  d e t e c t o r   t u b e .   In  t h i s   embodiment ,   s u p p o r t  

4  is  at  the  same  t ime  o p e r a t i v e   as  a  vacuum  sea l   for   t h e  

t u b u l a r   h o u s i n g   7.  P ins   10  may  form  a  o n e - d i m e n s i o n a l  



as  we l l   as  a  t w o - d i m e n s i o n a l   p a t t e r n ,   the  l a t t e r   b e i n g  

shown  in  F ig .   5.  I n s i d e   h o u s i n g   7  the  p ins   are  c o n n e c t e d  

to  e l e c t r i c a l l y   c o n d u c t i v e   s t r i p s   in  the  case  of  a  o n e - d i m e n -  

s i o n a l   p a t t e r n   or  to  e l e c t r i c a l l y   c o n d u c t i v e   i s l a n d s ,  

such  as  10'  in  F ig .   5,  in  the  case  of  a  t w o - d i m e n s i o n a l  

p a t t e r n .  

Such  s t r i p s   or  i s l a n d s   are  o p e r a t i v e   as  c o l l e c t o r s  

for  the   flow  of  e l e c t r o n s   m u l t i p l i e d   by  c h a n n e l   p l a t e  

3.  On  the  o u t s i d e   of  the  tube  the  p ins   are  c o n n e c t e d   t o  

one  or  more  a m p l i f i e r s   t h r o u g h   e l e c t r i c a l   s w i t c h e s .   T h i s  

c o n n e c t i o n   can  be  e s t a b l i s h e d ,   for  example ,   via  a  p l a t e  

11  p r o v i d e d   wi th   c o n t a c t   p o i n t s   12  a r r a n g e d   in  a  p a t t e r n  

c o r r e s p o n d i n g   to  t h a t   of  p ins   10.  Also  in  the  e m b o d i m e n t  

of  F ig .   5  the  cha rge   s t r i k i n g   the  anode  s u p p o r t   at  r e g i o n s  

be tween   the  s t r i p s   or  i s l a n d s   10'  is  to  be  r e m o v e d .  

F ig .   6  shows  a  v a r i a n t   of  an  anode  by  means  

of  which  a  t w o - d i m e n s i o n a l   image  can  be  formed.   To  t h i s  

end,  s t r i p   c o n d u c t o r s   13  have  been  e v a p o r a t e d   on  a n o d e  

s u p p o r t   4  in  the  manner  of  Fig.   2a.  However,   each  s t r i p  

c o n d u c t o r   13  c o n s i s t s   of  a  number  of  c o n d u c t o r s   d e p o s i t e d  

in  s u p e r p o s i t i o n   but  s e p a r a t e d   by  i n t e r m e d i a t e   i n s u l a t i n g  

l a y e r s   16,  wi th   each  c o n d u c t o r   be ing   s h o r t e r   than  t h e  

ones  t h e r e u n d e r   to  d e f i n e   i s l a n d s   13'  r e c e i v i n g   the  e l e c t r o n s  

from  a  c o r r e s p o n d i n g   r e g i o n   of  the  c a t h o d e .   The  c h a r g e  

r e c e i v e d   on  i s l a n d s   13'  can  be  removed  at  the  bot tom  e n d  

of  s t r i p   c o n d u c t o r s   13  via  c o n t a c t   s p o t s   1 3 " .  

In  f u r t h e r   e l u c i d a t i o n   of  the  embodiment   o f  



Fig.   6,  Fig.   6a  shows  a  c r o s s - s e c t i o n a l   view  a long   l i n e s  

VIa-VIa   in  F ig .   6,  in  which  the  t h i c k n e s s   of  the  e v a p o r a t e d  

s t r i p s   has  been  h i g h l y   e x a g g e r a t e d   for  the  sake  of  c l a r i t y .  

In  the  embodiment   shown  in  Fig .   7  the  a n o d e  

c o m p r i s e s   a  phospho r   l a y e r   14  d e p o s i t e d   on  an  i n s u l a t i n g  

anode  s u p p o r t   4  which ,   s i m i l a r   to  the  embodiment   of  Fig .   2 ,  

is  p r o v i d e d   with  m u t u a l l y   p a r a l l e l   s t r i p   c o n d u c t o r s   5 .  

These  s t r i p   c o n d u c t o r s ,   however ,   are  t r a n s m i s s i v e   to  t h e  

l i g h t   g e n e r a t e d   in  the  p h o s p h o r .   A  l a y e r   15  of  a l u m i n i u m  

f o i l   is  p r o v i d e d   on  the  phospho r   s c r e e n ,   which  l a y e r   15 

shou ld   be  e l e c t r i c a l l y   i n s u l a t e d   r e l a t i v e   to  the  s t r i p  

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

f o i l   i n t o   the  phospho r   l a y e r   l oose   t h e i r   k i n e t i c   e n e r g y  

as  they   p roduce   e x c i t e d   c e n t e r s ,   which  emit  l i g h t   a f t e r  

r e c o m b i n a t i o n .   E l e c t r o n s   hav ing   s u f f i c i e n t   energy   to  p a s s  

t h r o u g h   the  phosphor   l a y e r   r each   the  u n d e r l y i n g   c o n d u c t i v e  

s t r i p s   5  and  can  be  p r o c e s s e d   in  the  manner  d e s c r i b e d  

above  with  r e f e r e n c e   to  Fig .   2.  A  smal l   p o t e n t i a l   d i f f e r e n c e  

be tween   a lumin ium  f o i l   15  and  c o n d u c t i v e   s t r i p s   5  is  d e s i r e d  

but  not   a lways  n e c e s s a r y .  

An  X-ray  d e t e c t o r   tube  with  channe l   p l a t e   and  

with  an  anode  as  shown  in  Fig .   7  can  p roduce   both  an  o p t i c a l  

t w o - d i m e n s i o n a l   image  and,  c o n c u r r e n t l y   t h e r e w i t h ,   a n  

e l e c t r i c a l   o n e - d i m e n s i o n a l   i m a g e .  



1.  An  X-ray   d e t e c t o r   tube  c o m p r i s i n g   an  e l o n g a t e  

h o u s i n g   h a v i n g   an  e l o n g a t e   c a t h o d e   and  an  e l o n g a t e   a n o d e  

mounted  t h e r e i n   to  e x t e n d   e s s e n t i a l l y   p a r a l l e l   wi th   e a c h  

' o t h e r ,   in  which  an  e l e c t r i c a l   p o t e n t i a l   is  a p p l i e d   a c r o s s  

the  anode  and  the  c a t h o d e  d u r i n g   o p e r a t i o n   and  the  t u b e  

has  been  e v a c u a t e d ,   c h a r a c t e r i z e d   in  t h a t   a  c h a n n e l   p l a t e  

is  mounted  i n s i d e   the  h o u s i n g   be tween   the  c a t h o d e   and  

the  anode  to  e x t e n d   e s s e n t i a l l y   p a r a l l e l   t h e r e w i t h .  

2.  A  d e t e c t o r   tube  a c c o r d i n g   to  c l a im  1,  c h a r a c t e r i z e d  

in  t h a t   the  h o u s i n g   has  a  t u b u l a r   shape  and  has  i t s   f o r w a r d  

end  c o v e r e d   by  a  me t a l   f o i l   t h a t   is  t r a n s m i s s i v e   to  X - r a d i a -  

t i o n ,   the  anode  s u p p o r t   be ing   mounted  in  v a c u u m - t i g h t  

f a s h i o n   a g a i n s t   the  r e a r   end  of  the  h o u s i n g .  

3.  A  d e t e c t o r   tube   a c c o r d i n g   to  c l a im  1,  c h a r a c t e r i z e d  

in  t h a t   the  h o u s i n g   has  a  t u b u l a r   shape  and  has  i t s   f o r w a r d  

end  c o v e r e d   by  a  me ta l   f o i l   t h a t   is  t r a n s m i s s i v e   to  X - r a d i a -  

t i o n ,   the   s u p p o r t   be ing   mounted  in  v a c u u m - t i g h t   f a s h i o n  

be tween   the  f o rward   end  and  the  r e a r   end  of  the  t u b u l a r  

h o u s i n g .  

4.  A  d e t e c t o r   tube  a c c o r d i n g   to  c l a im  1,  2  or  3 ,  

c h a r a c t e r i z e d   in  t h a t   the  anode  c o m p r i s e s   a  s u p p o r t   w i t h  

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

5.  A  d e t e c t o r   tube  a c c o r d i n g   to  c l a im  1,  2  or  3 ,  

c h a r a c t e r i z e d   in  t h a t   the  anode  c o m p r i s e s   a  s u p p o r t   o f  

i n s u l a t i n g   m a t e r i a l   on  which  a  l a r g e   number  of  e l e c t r i c a l  

s t r i p - l i k e   c o n d u c t o r s   are  p r o v i d e d ,   which  c o n d u c t o r s   e x t e n d  



e s s e n t i a l l y   normal   to  the  l o n g i t u d i n a l   ax i s   of  the  h o u s i n g  

and  each  have  a  f i r s t   end  and  a  second  e n d .  

6.  A  d e t e c t o r   tube   a c c o r d i n g   to  c l a im   5,  c h a r a c t e r i z e d  

in  t h a t   the  s t r i p - l i k e   c o n d u c t o r s   are  l o c a t e d   w i t h i n   t h e  

h o u s i n g   and  are  each  c o n n e c t e d   to  a  lead  e x t e n d i n g   t h r o u g h  

the  tube   wal l   v ia   a  v a c u u m - t i g h t   b u s h i n g .  

7.  A  d e t e c t o r   tube   a c c o r d i n g   to  c l a im  5,  c h a r a c t e r i z e d  

in  t h a t   the  f i r s t   ends  of  a l l   s t r i p - l i k e   c o n d u c t o r s   a r e  

l o c a t e d   a d j a c e n t   one  edge  of  the   anode  s u p p o r t   and  t h a t  

the  second  ends  are  l o c a t e d   at  a  d i s t a n c e   from  the  o p p o s i t e  

edge  of  the  anode  s u p p o r t .  

8.  A  d e t e c t o r   tube  a c c o r d i n g   to  c l a im  5,  c h a r a c t e r i z e d  

in  t h a t   the  f i r s t   ends  of  the  s t r i p - l i k e   c o n d u c t o r s   a r e  

a l t e r n a t e l y   l o c a t e d   a d j a c e n t   one  edge  of  the  anode  s u p p o r t  

and  at  a  d i s t a n c e   t h e r e f r o m ,   and  t h a t   the  second  e n d s  

are   a l t e r n a t e l y   l o c a t e d   at  a  d i s t a n c e   from  the  o p p o s i t e  

edge  of  the  anode  s u p p o r t   and  a d j a c e n t   sa id   o t h e r   e d g e .  

9.  A  d e t e c t o r   tube  a c c o r d i n g   to  c la im  5,  c h a r a c t e r i z e d  

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

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

e v a p o r a t i o n   in  s t e p w i s e   s u p e r p o s i t i o n ,   i n s u l a t i n g   l a y e r s  

be ing   i n t e r p o s e d   be tween   the  e l e c t r i c a l l y   c o n d u c t i v e   l a y e r s .  

10.  A  d e t e c t o r   tube  a c c o r d i n g   to  c la im  7,  8  or  9 ,  

c h a r a c t e r i z e d   in  t h a t   the  s t r i p - l i k e   c o n d u c t o r s   p r o t r u d e  

from  the  t u b u l a r   h o u s i n g .  

11.  A  d e t e c t o r   tube  a c c o r d i n g   to  c la im  2  or  3,  c h a r a c -  

t e r i z e d   in  t h a t   the  anode  s u p p o r t   i n c l u d e s   a  l a r g e   number  



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

anode  s u p p o r t   to  p r o t r u d e   from  the  h o u s i n g ,   which  p i n s  

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

e l e m e n t s .  

12.  A  d e t e c t o r   tube  a c c o r d i n g   to  c l a im  11,  c h a r a c t e r i z e d  

in  t h a t   the  e l e c t r i c a l l y   c o n d u c t i v e   e l e m e n t s   are  p o i n t - s h a p e d .  

13.  A  d e t e c t o r   t u b e  a c c o r d i n g   to  c l a im  11,  c h a r a c t e r i z e d  

in  t h a t   the  e l e c t r i c a l l y   c o n d u c t i v e   e l e m e n t s   are  s t r i p - s h a p e d .  

14.  A  d e t e c t o r   tube  a c c o r d i n g   to  c l a im  1,  2  or  3 ,  

c h a r a c t e r i z e d   in  t h a t   the  anode  c o m p r i s e s   an  anode  s u p p o r t  

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

t r a n s p a r e n t ,   s t r i p - l i k e   e l e m e n t s   e x t e n d i n g   p a r a l l e l   w i t h  

each  o t h e r   and  e s s e n t i a l l y   normal  to  the  l o n g i t u d i n a l  

ax i s   of  the  h o u s i n g ,   and  t h a t   sa id   e l e m e n t s   are  p r o v i d e d  

wi th   a  phospho r   l a y e r   h a v i n g   i t s   s u r f a c e   f a c i n g   the  c h a n n e l  

p l a t e   p r o v i d e d   wi th   a  l a y e r   of  a lumin ium  f o i l .  

15.  A  d e t e c t o r   tube  a c c o r d i n g   to  c l a im  5  or  1 1 ,  

c h a r a c t e r i z e d   in  t h a t   the  anode  s u p p o r t   is  made  of  a  m a t e r i a l  

of  poor  e l e c t r i c a l   c o n d u c t i v i t y .  

16.  A  d e t e c t o r   tube  a c c o r d i n g   to  c l a im   5  or  1 1 ,  

c h a r a c t e r i z e d   in  t h a t   the  anode  s u p p o r t   has  i t s   s u r f a c e  

f a c i n g   the  channe l   p l a t e   p r o v i d e d   with  a  l a y e r   of  m a t e r i a l  

of  poor  e l e c t r i c a l   c o n d u c t i v i t y .  

17.  A  d e t e c t o r   tube  a c c o r d i n g   to  c l a im   1,  2  or  3 ,  

c h a r a c t e r i z e d   in  t h a t   the  i nne r   wal l   of  the  h o u s i n g   i s  

c o a t e d   wi th   a  copper   l a y e r .  
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