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©  X-ray  image  intensifier. 

(57)  An  X-ray  image  intensifier  is  disclosed  which  has  an 
evacuated  envelope  (1)  and  inside  it  an  input  screen  (10),  an 
output  screen  (15),  and  a  plurality  of  electrodes  constituting 
an  electron  lens  system  inside  said  evacuated  envelope  (1) 
wherein  said  evacuated  envelope  (1)  comprises  a  cylindrical 
vessel  (4)  of  M  or  an  Af-based  alloy,  a  metal  input  window  (2) 
of  AC  or  an  A<-based  alloy  which  is  hermetically  connected  to 
one  end  of  said  cylindrical  vessel  (4),  an  output  container  (32) 
of  ceramic  or  glass  which  is  hermetically  connected  to  the 
other  end  of  said  cylindrical  vessel  (4),  and  a  glass  output 
window  (33)  which  is  hermetically  connected  to  the  output 
end  of  said  output  container  (32).  The  construction  of  the 

!  connecting  part  may  be  made  simple,  magnetization  may  be 
I  eliminated,  and  the  X-ray  image  intensifier  may  be  made 

compact  in  size  and  light  in  weight. 

F  i  G. 

0 .  
u i  

Croydon  Printing  Company  Ltd. 

  An  X-ray  image  intensifier  is  disclosed  which  has  an 
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of Al  or  an  At-based  alloy  which  is  hermetically  connected  to 
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other  end  of  said  cylindrical  vessel  (4),  and  a  glass  output 
window  (33)  which  is  hermetically  connected  to  the  output 
end  of  said  output  container  (32).  The  construction  of  the 
connecting  part  may  be  made  simple,  magnetization  may  be 
eliminated,  and  the  X-ray  image  intensifier  may  be  made 
compact  in  size  and  light  in  weight. 



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  X - r a y   i m a g e  

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

An  X - r a y   image  i n t e n s i f i e r   ( t o   be  r e f e r r e d   to  a s  

I . I .   f o r   b r e v i t y   h e r e i n a f t e r )   has   an  e v a c u a t e d   e n v e l o p e  

w h i c h   has   c o n v e n t i o n a l l y   been   made  of  g l a s s .   I t   h a s  

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

w indow  f o r   an  I . I .   from  t h i n   m e t a l   in  o r d e r   to  i m p r o v e  

t h e   c h a r a c t e r i s t i c s   of  the   I . I . ,   e s p e c i a l l y   the   c o n t r a s t  

p r o p e r t y   and  r e s o l u t i o n .   When  the   i n p u t   window  is  m a d e  

of  g l a s s ,   t he   t h i c k n e s s   of  the   i n p u t   window  must   b e  

4  -   5  mm  in  c o n s i d e r a t i o n   of  t he   p r e s s u r e .   H o w e v e r ,  

X - r a y s   i n c i d e n t   on  a  g l a s s   i n p u t   window  of  t h i s  

t h i c k n e s s   a r e   s c a t t e r e d ,   d e g r a d i n g   the   c o n t r a s t   p r o p e r t y  

and  r e s o l u t i o n .   In  c o n t r a s t   w i t h   t h i s ,   when  the   i n p u t  

w indow  is  made  of  m e t a l ,   the   i n p u t   window  may  be  made  a s  

t h i n   as  0 . 2  -   1 .5   mm.  A c c o r d i n g l y ,   the   s c a t t e r i n g   o f  

t h e   X - r a y s   is  l e s s   t h a n   in  the   c a s e   of  the   g l a s s   i n p u t  

w i n d o w ,   and  the   c o n t r a s t   p r o p e r t y   and  r e s o l u t i o n   a r e  

b e t t e r .  

The  m a t e r i a l   to  c o n s t i t u t e   such   a  m e t a l   i n p u t  

window  mus t   t r a n s m i t   X - r a y s   and  must   be  r e s i s t a n t   t o  

p r e s s u r e .   M a t e r i a l s   wh ich   have  been   p r o p o s e d   so  f a r  

a r e   Al  ( 0 . 5  -   1 .5   mm  in  t h i c k n e s s ) ,   Ti  ( 0 . 2  -   0.4  mm  i n  

t h i c k n e s s ) ,   s t e e l   ( 0 . 2  -   0.4  mm  in  t h i c k n e s s )   and  so  o n .  

H o w e v e r ,  t h e   c o n n e c t i o n   b e t w e e n   the   i n p u t   window  of  s u c h  



a  m e t a l   and  the   c y l i n d r i c a l   v e s s e l   c o m p r i s i n g   t he   m a i n  

body   of  t he   e v a c u a t e d   e n v e l o p e   w h i c h  m u s t   be  a i r -  

i m p e r m e a b l e   has  p r e s e n t e d   v a r i o u s   p r o b l e m s .  

F i g .   1  shows  the   c o n s t r u c t i o n   of  an  I . I .   h a v i n g   a  

m e t a l   i n p u t   window  as  p r o p o s e d   in  A u s l e g e s c h r i f t  

2 , 6 1 9 , 2 9 3 .   An  e v a c u a t e d   e n v e l o p e   1  of  t h i s   I . I .  

c o m p r i s e s   a  c y l i n d r i c a l   v e s s e l   4  of  s t e e l ,   a  m e t a l   i n p u t  

w i n d o w   2  wh ich   is  h e r m e t i c a l l y   c o n n e c t e d   to  one  end  o f  

t h i s   v e s s e l   4  t h r o u g h   a  j o i n t   r i n g   3,  and  an  o u t p u t  

c o n t a i n e r   5  w h i c h   is   h e r m e t i c a l l y   c o n n e c t e d   to  the   o t h e r  

end   of  t he   v e s s e l   4,  e i t h e r   d i r e c t l y   or  t h r o u g h   a n o t h e r  

m e t a l   member .   The  o u t p u t   end  of  t he   o u t p u t   c o n t a i n e r   5 

c o n s t i t u t e s   a  t r a n s p a r e n t   g l a s s  o u t p u t   window  6.  T h e  

m e t a l   i n p u t   window  2  i s   of  c o n v e x   s h a p e  ( o u t w a r d l y  

p r o t r u d i n g ) ,   and  on  t he   i n s i d e  o f   i t   is  d i s p o s e d   a n  

i n p u t   s c r e e n   10.  I n s i d e   t he   g l a s s   o u t p u t   window  6  i s  

d i s p o s e d   an  o u t p u t   s c r e e n   15  in  o p p o s i t i o n   to   t he   i n p u t  

s c r e e n   10.  I n s i d e   t he   e v a c u a t e d  e n v e l o p e   1  a r e   f u r t h e r  

c o a x i a l l y   d i s p o s e d  a   f i r s t   g r i d   11,  a  s e c o n d   g r i d   12,  a  

t h i r d   g r i d   13  an  a n o d e   14  c o n s t i t u t i n g   an  e l e c t r o n   l e n s .  

A  d i s t i n c t i v e   f e a t u r e   of  s u c h   an  I . I .   is  t he   f a c t  

t h a t   A l ,   w h i c h   has  e x c e l l e n t   X - r a y   t r a n s m i s s i v i t y ,   may 
be  u s e d   a s  a   m a t e r i a l   f o r  t h e   m e t a l   i n p u t   window  2 .  

H o w e v e r ,   t h e  c y l i n d r i c a l   v e s s e l   4  i s   made  of  s t e e l .  

S i n c e   t h e   m e l t i n g   p o i n t   of  A Z  i s   a b o u t   700°C  and  t h a t   o f  

s t e e l   i s   1 , 2 0 0  -   1 , 3 0 0 ° C ,   i t   is   d i f f i c u l t   to  weld   t h e m  

d i r e c t l y .   T h u s ,   a  s p e c i a l   c o n n e c t i o n   m e t h o d   as  shown  i n  

F i g .   2  mus t   be  a d o p t e d .   A s  m a y   be  s e e n   f rom  F i g .   2 ,  

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

on  t h e   c o n n e c t i n g   p a r t   of  t he   s t e e l   j o i n t   r i n g   3  w i t h  

t h e   i n p u t   w i n d o w  2 ,   and  a  A g - p l a t i n g   l a y e r   20  is   f o r m e d  

t h e r e o v e r .   The  At  i n p u t   window  2  h a v i n g   t h e   N i - p l a t i n g  

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

3  i s   h e a t   w e l d e d   to  t he   j o i n t   r i n g   3.  S i n c e   t he   j o i n t  

r i n g   3  and  t h e   c y l i n d r i c a l   v e s s e l   4  a r e   of  t h e   s a m e  

m a t e r i a l ,   t h e y   may  be  e a s i l y   w e l d e d   by  m e t h o d s   s u c h   a s  



a r c   w e l d i n g ,   p l a s m a   w e l d i n g   and  b r a z i n g .  

F i g .   3  shows  a n o t h e r   e x a m p l e   of  an  I . I .   w h i c h   has   a  

m e t a l   i n p u t   w i n d o w .   In  t h i s   I . I . ,   the   m e t a l   i n p u t  

window  16  c o m p r i s e s ,   fo r   e x a m p l e ,   a  Ti  p l a t e   of  0 . 2 5   mm 

in  t h i c k n e s s .   The  i n p u t   window  16  of  Ti  and  a  j o i n t  

r i n g   17  of  s t e e l   or  Kovar   ( F e - N i - C o   s e a l i n g   a l l o y )   a r e  

w e l d e d   by  m e t h o d s   such   as  the   r e s i s t a n c e   h e a t i n g   m e t h o d  

or  b r a z i n g .   F i g .   4  is  an  e n l a r g e d   v iew  of  t h i s  

c o n n e c t i n g   p a r t .   R e f e r r i n g   to  F i g .   4,  the   i n p u t  w i n d o w  

16  of  Ti  and  the   j o i n t   r i n g   17  of  s t e e l   or  Kovar   a r e  

w e l d e d   by  the   r e s i s t a n c e   h e a t i n g   m e t h o d .   T h i s  

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

i n t e r p o s i n g   a  s o l d e r   such   as  Ag  b e t w e e n   the  i n p u t   w i n d o w  

16  and  t he   j o i n t   r i n g   17,  or  vacuum  s o l d e r i n g   may 

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

such   as  Ag.  The  i n p u t   window  16  may  be  s t e e l ,   a  N i - F e  

a l l o y   and  so  on  i n s t e a d   of  T i .   H o w e v e r ,   w i th   any  o f  

t h e s e   t he   X - r a y   t r a n s m i s s i v i t y   is  i n f e r i o r   to  t h a t   o f  

A£.  The  i n p u t   window  must   be  made  t h i n   so  t h a t   i t   is  o f  

c o n c a v e   s h a p e   due  to  the   p r e s s u r e   d i f f e r e n c e   b e t w e e n   t h e  

i n s i d e   and  the   o u t s i d e   of  the   e v a c u a t e d   e n v e l o p e .   T h e  

j o i n t   r i n g   17  may  be  e a s i l y   w e l d e d   to  the  c y l i n d r i c a l  

v e s s e l   4  w h i c h   c o n s i s t s   of  the   same  m a t e r i a l   or  of  a  

m a t e r i a l   w e l d a b l e   w i t h   the   m a t e r i a l   of  the   j o i n t   r i n g   b y  

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

so  o n .  

In  t he   c o n v e n t i o n a l   I . I .   as  d e s c r i b e d   a b o v e ,   s i n c e  

t he   m a t e r i a l s   f o r   the   m e t a l   i n p u t   window  and  t h e  

c y l i n d r i c a l   v e s s e l   a re   d i f f e r e n t   in  each   c a s e ,   s p e c i a l  

c a r e   mus t   be  t a k e n ,   m a k i n g   the   c o n s t r u c t i o n   of  t h e  

c o n n e c t i n g   p a r t   c o m p l e x .   F u r t h e r ,   s i n c e   the  m a t e r i a l  

u sed   f o r   t he   c y l i n d r i c a l   v e s s e l   is  s t e e l ,   Kovar   or  t h e  

l i k e   w h i c h   is  d i f i c u l t   to  d r a w ,   i t   is  ve ry   d i f f i c u l t   t o  

fo rm  t he   o u t p u t   s i d e   of  the   c y l i n d r i c a l   v e s s e l   in  a  

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

l a r g e   I . I .   in  w h i c h   the  d i a m e t e r   must   be  s h a r p l y  



r e d u c e d .   S t i l l   f u r t h e r ,   s i n c e   s t e e l   and  Kova r   a r e  

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

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

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

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

The  p r i m a r y   o b j e c t   of  the   p r e s e n t   i n v e n t i o n   i s ,  

t h e r e f o r e ,   to  p r o v i d e   an  X - r a y   image  i n t e n s i f i e r   w h e r e i n  

t h e   c o n s t r u c t i o n   of  t he   c o n n e c t i n g   p a r t   may  be  m a d e  

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

i n t e n s i f i e r   may  be  made  c o m p a c t   in  s i z e   and  l i g h t   i n  

w e i g h t .  

To  t he   a b o v e   and  o t h e r   e n d s ,   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   an  X - r a y   image   i n t e n s i f i e r   h a v i n g   an  e v a c u a t e d  

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

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

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

c o m p r i s e s   a  c y l i n d r i c a l   v e s s e l   o f  A l   or  an  A t - b a s e d  

a l l o y ,   a  m e t a l   i n p u t   window  of  Al  or  an  A l - b a s e d   a l l o y  

w h i c h   is  h e r m e t i c a l l y   c o n n e c t e d   t o  o n e   end  of  s a i d  

c y l i n d r i c a l   v e s s e l ,   an  o u t p u t   c o n t a i n e r   of  c e r a m i c   o r  

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

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

w h i c h   is   h e r m e t i c a l l y   s e a l e d   to  t h e  o u t p u t   end  of  s a i d  

o u t p u t   c o n t a i n e r .  

T h i s   i n v e n t i o n   can  be  more  f u l l y  u n d e r s t o o d   f r o m  

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

c o n j u n c t i o n   w i t h   t he   a c c o m p a n y i n g   d r a w i n g s ,   in  w h i c h :  

F i g .   1  is  a  s c h e m a t i c   v iew  of  a  c o n v e n t i o n a l   X - r a y  

image   i n t e n s i f i e r ;  

F i g .   2  is  a  s e c t i o n a l   v i ew  i l l u s t r a t i n g   t h e  

c o n n e c t i n g   p a r t   of  t he   i n p u t   w i n d o w  o f   t he   X - r a y   i m a g e  

i n t e n s i f i e r   shown  in  F i g .   1 ;  

F i g .   3  is   a  s c h e m a t i c   v iew  i l l u s t r a t i n g   a n o t h e r  

c o n v e n t i o n a l   X - r a y   image   i n t e n s i f i e r ;  

F i g .   4  is  a  s e c t i o n a l   v iew  i l l u s t r a t i n g   t h e  

c o n n e c t i n g   p a r t   of  t he   i n p u t   window  of  t he   X - r a y   i m a g e  



i n t e n s i f i e r   shown  in  F ig .   3 ;  

F i g .   5  is  a  s c h e m a t i c   v iew  i l l u s t r a t i n g   t h e  

c o n n e c t i n g   p a r t   of  the  i n p u t   window  of  the  X - r a y   i m a g e  

i n t e n s i f i e r   shown  in  F ig .   1 ;  

F i g .   6  is  a  s e c t i o n a l   v iew  of  an  X - r a y   i m a g e  

i n t e n s i f i e r   in  a c c o r d a n c e   w i t h   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 ;  

F i g .   7  is  a  s e c t i o n a l   v iew  i l l u s t r a t i n g   t h e  

c o n n e c t i n g   p a r t   b e t w e e n   the   m e t a l   i n p u t   window  and  t h e  

c y l i n d r i c a l   v e s s e l   of  the   X - r a y   image  i n t e n s i f i e r   s h o w n  

in  F i g .   6 ;  

F i g .   8  is  a  s e c t i o n a l   v iew  i l l u s t r a t i n g   t h e  

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

o u t p u t   c o n t a i n e r   of  the   X - r a y   image  i n t e n s i f i e r   shown  i n  

F i g .   6 ;  

F i g .   9  is  a  s e c t i o n a l   v iew  i l l u s t r a t i n g   t h e  

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

o u t p u t   c o n t a i n e r   of  the   X - r a y   image  i n t e n s i f i e r   shown  i n  

F i g .   6 ;  

F i g .   10  is  a  s e c t i o n a l   v iew  i l l u s t r a t i n g   t h e  

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

o u t p u t   c o n t a i n e r   of  the   X - r a y   image  i n t e n s i f i e r   shown  i n  

F i g .   6;  a n d  

F i g .   11  is  a  s e c t i o n a l   v iew  i l l u s t r a t i n g   an  X - r a y  

image   i n t e n s i f i e r   of  the   p r e s e n t   i n v e n t i o n   w h e r e i n   t h e  

i n p u t   s c r e e n   is  fo rmed   d i r e c t l y   on  the  i n n e r   s u r f a c e   o f  

t he   i n p u t   w i n d o w .  

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

The  e m b o d i m e n t s   of  t he   p r e s e n t   i n v e n t i o n   w i l l   now 

be  d e s c r i b e d   r e f e r r i n g   to  F i g s .   6  to  1 1 .  

F i g .   6  shows  the  X - r a y   image  i n t e n s i f i e r   i n  

a c c o r d a n c e   w i t h   one  e m b o d i m e n t   of  the  p r e s e n t   i n v e n t i o n .  

An  e v a c u a t e d   e n v e l o p e   1  of  t h i s   I . I .   c o m p r i s e s   a  

c y l i n d r i c a l   v e s s e l   4  of  a l u m i n u m ,   a  m e t a l   i n p u t   w i n d o w  

2  w h i c h   i s  h e r m e t i c a l l y   c o n n e c t e d   to  one  end  of  t h i s  

v e s s e l   4  and  an  o u t p u t   c o n t a i n e r   32  wh ich   i s  



h e r m e t i c a l l y   c o n n e c t e d   to  t he   o t h e r   end  of  t he   v e s s e l   4 ,  

e i t h e r   d i r e c t l y   or  t h r o u g h   a n o t h e r   m e t a l   member .   T h e  

c y l i n d r i c a l   v e s s e l   is  d i v i d e d   i n t o   a  f i r s t   c y l i n d r i c a l  

v e s s e l   30  and  a  s e c o n d   c y l i n d r i c a l   v e s s e l   31.  T h e  

o u t p u t   end  of  the   o u t p u t   c o n t a i n e r   32  c o n s t i t u t e s   a  

t r a n s p a r e n t   g l a s s   o u t p u t   window  33.  The  m e t a l   i n p u t  

window  2  is  of  c o n v e x   s h a p e   ( o u t w a r d l y   p r o t r u d i n g ) ,   a n d  

on  the   i n s i d e   of  i t   is  d i s p o s e d   an  i n p u t   s c r e e n   1 0 .  

I n s i d e   the   g l a s s   o u t p u t   window  33  is  d i s p o s e d   an  o u t p u t  

s c r e e n   15  in  o p p o s i t i o n   to  t he   i n p u t   s c r e e n   10.  I n s i d e  

t h e   e v a c u a t e d   e n v e l o p e   1  a r e   f u r t h e r   c o a x i a l l y   d i s p o s e d  

e l e c t r o d e s   c o m p r i s i n g   a  f i r s t   g r i d   11,  a  s e c o n d   g r i d   1 2 ,  

a  t h i r d   g r i d   13  and  an  a n o d e   14.  The  f i r s t   g r i d   11,   t h e  

s e c o n d   g r i d   12  and  the   t h i r d   g r i d   13  c o n s t i t u t e   a n  

e l e c t r o n   l e n s .   The  e l e c t r o d e s   a re   e l e c t r i c a l l y   t a k e n  

o u t   t h r o u g h   o u t e r   l e a d s   26,  27,  28  and  29.  T h e s e   l e a d s  

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

In  the   I . I .   of  F i g .   6,  a  m e t a l   window  2  of  0 .5   t o  

1 .5   mm,  f o r   e x a m p l e ,   1.0  mm  in  t h i c k n e s s   and  of  Al  o r  

an  A t - b a s e d   a l l o y   is  j o i n t e d   by  m e t h o d s   such   as  a r c  

w e l d i n g ,   p l a s m a   w e l d i n g ,   and  b r a z i n g   to  t he   f i r s t  

c y l i n d r i c a l   v e s s e l   30  o f ,   f o r   e x a m p l e ,   3  mm  in  t h i c k n e s s  

and  of  A l  o r   an  A l - b a s e d   a l l o y .   To  e n h a n c e   t h e   s t r e n g t h  

and  the   e a s e   in  h a n d l i n g ,   a  j o i n t   r i n g   ( n o t   shown)  o f  

Al  or  an  A t - b a s e d   a l l o y   may  be  i n t e r p o s e d   b e t w e e n   t h e  

m e t a l   i n p u t   window  2  and  the   f i r s t   c y l i n d r i c a l   v e s s e l  

30.  R e f e r e n c e   n u m e r a l   34  d e n o t e s   a  c o n n e c t i n g   p a r t  

b e t w e e n   the   i n p u t   window  2  and  t h e   f i r s t   c y l i n d r i c a l  

v e s s e l   30.  F u r t h e r ,   the   o u t p u t   s i d e   of  the   f i r s t  

c y l i n d r i c a l   v e s s e l   30  is  w e l d e d   to  t he   s e c o n d  

c y l i n d r i c a l   v e s s e l   31  (3  mm  in  t h i c k n e s s ,   f o r   e x a m p l e )  

of  A l a r   an  A l - b a s e d   a l l o y   w h i c h   has   been   p r o c e s s e d  

by  d r a w i n g   in  a  m a n n e r   s i m i l a r  t o   the   w e l d i n g   of  t h e  

c o n n e c t i n g   p a r t   34.  R e f e r e n c e   n u m e r a l   35  d e n o t e s   t h i s  

w e l d e d   c o n n e c t i n g   p a r t .   A  w e l d i n g   p o r t i o n   41  of  t h e  

m e t a l   i n p u t   window  2  and  a  w e l d i n g   p o r t i o n   42  of  t h e  



f i r s t   c y l i n d r i c a l   v e s s e l   30  a re   of  s u b s t a n t i a l l y   t h e  

same  t h i c k n e s s   and  a re   w e l d e d   t o g e t h e r   by  a rc   w e l d i n g .  

A  j o i n t   r i n g   of  Al  may  be  i n t e r p o s e d   b e t w e e n   the   t w o  

m e m b e r s   f o r   w e l d i n g .   The  s t r u c t u r e   shown  in  F i g .   7  i s  

t he   m o d i f i e d   e x a m p l e .   A  b r a z i n g   f i l l e r   43,  f o r   e x a m p l e ,  

an  A t - b a s e d   b r a z i n g   f i l l e r   ( e . g . ,   J IS   Z  3 2 6 3 ,   B A l  -   0) 

i s   i n t e r p o s e d   b e t w e e n   b o t h   w e l d i n g   p o r t i o n s .   The  t w o  

m e m b e r s   a re   c o n n e c t e d   by  h e a t i n g   in  a  vacuum.   T h e  

c o n n e c t i n g   s t r u c t u r e   shown  in  F i g .   7  may  a l s o   be  a d o p t e d  

f o r   t he   c o n n e c g i n g   p a r t   3 5 .  

The  o u t p u t   end  of  the   s e c o n d   c y l i n d r i c a l   v e s s e l   31 

i s   c o n n e c t e d   to  a  c e r a m i c   o u t p u t   c o n t a i n e r   32  as  s h o w n  

in  F i g .   8.  A  M o - p l a t i n g   l a y e r   49  and  N i - p l a t i n g   l a y e r  

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

c o n t a i n e r   32.  A  b r a z i n g   f i l l e r   45  ( e . g . ,   an  A t - b a s e d  

b r a z i n g   f i l l e r )   is  i n t e r p o s e d   b e t w e e n   the   N i - p l a t i n g  

l a y e r   44  and  the  o u t p u t   end  of  the   s e c o n d   c y l i n d r i c a l  

v e s s e l   31  fo r   c o n n e c t i n g   upon  h e a t i n g .   A  t r a n s p a r e n t  

g l a s s   o u t p u t   window  33  is  a t t a c h e d   to  the   o u t p u t   end  o f  

t he   o u t p u t   c o n t a i n e r   32  by  u s i n g   f r i t t e d   g l a s s .  

As  d e s c r i b e d   a b o v e ,   in  the   X - r a y   image  i n t e n s i f i e r  

of  t he   p r e s e n t   i n v e n t i o n ,   the   i n p u t   window  and  t h e  

c y l i n d r i c a l   v e s s e l   a re   made  of  Al  or  an  A t - b a s e d   a l l o y .  

T h u s ,   s i n c e   the  i n p u t   window  and  the   c y l i n d r i c a l   v e s s e l  

a r e   of  s i m i l a r   m a t e r i a l s ,   the   m e l t i n g   p o i n t s   of  t h e s e  

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

e a s y .   In  a d d i t i o n   to  t h i s ,   by  f o r m i n g   the   c y l i n d r i c a l  

v e s s e l   of  Al  or  an  A l - b a s e d   a l l o y ,   the   o u t p u t   s i d e   may 

be  e a s i l y   drawn  and  the   c o n s t r u c t i o n   of  the   I . I .   may  be  

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

t h e   X - r a y   image  i n t e n s i f i e r .   And,  s i n c e   the   d i a m e t e r   o f  

t h e   c y l i n d r i c a l   v e s s e l   at   the   o u t p u t   end  may  be  made  

s m a l l e r   t h a n   the   maximum  d i a m e t e r   of  the   I . I .   by  t h e  

d r a w i n g ,   the   c o n n e c t i n g   p r e s s u r e   per   u n i t   a r e a   may  b e  

a d v a n t a g e o u s l y   made  g r e a t .   S i n c e   a  f e r r o m a g n e t i c  

m a t e r i a l   such   as  Kovar   is   no t   u s e d ,   t h e r e   is  no  



m a g n e t i z a t i o n   w h i c h   m i g h t   o t h e r w i s e   be  c a u s e d   by  t h e  

i n f l u e n c e   of  an  e x t e r n a l   m a g n e t i c   f i e l d   or  a  d i s c h a r g e  

w i t h i n   t he   t u b e .   C o n s e q u e n t l y ,   t he   a c c o m p a n y i n g  

d i s t o r t i o n   o f  t h e   image  and  d e g r a d a t i o n   of  t h e  

r e s o l u t i o n   a re   e l i m i n a t e d .  

As  m e n t i o n e d   a b o v e ,   t he   c y l i n d r i c a l   v e s s e l   of  a n  

i m a g e   i n t e n s i f i e r   h a v i n g   a  d i a m e t e r   o f ,   f o r   e x a m p l e ,   6 

to   12  i n c h e s   is  made  of  a l u m i n u m   a c c o r d i n g   to  t h i s  

i n v e n t i o n .   In  p r a c t i c e ,   t h i s   made  i t   p o s s i b l e   t o  

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

made  of  g l a s s   or  c e r a m i c .   T h i s   e f f e c t   was  an  u n e x p e c t e d  

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

image   i n t e n s i f i e r .  

F i g .   9  shows  the   m o d i f i e d   e x a m p l e   o f  a   c o n n e c t i n g  

p a r t   w h e r e i n   t he   o u t p u t   c o n t a i n e r   32  is   n o t   made  o f  

c e r a m i c   as  shown  in  F i g .   8  bu t   is   made  of  g l a s s .   An 

AA  r i n g   46  is   i n t e r p o s e d   b e t w e e n   the   c o n n e c t i n g   s u r f a c e s  

of   t h e   o u t p u t   c o n t a i n e r   32  and  t he   s e c o n d   c y l i n d r i c a l  

v e s s e l   31  f o r   w e l d i n g   by  h o t - p r e s s i n g .   The  w e l d i n g   b y  

h o t - p r e s s i n g   u s i n g   an  Al  r i n g   may  be  a c c o m p l i s h e d ,   f o r  

e x a m p l e ,   by  e x e r t i n g   a  p r e s s u r e   of  340  k g / c m 2   on  t h e  

m e m b e r s   to  be  c o n n e c t e d   a t   430°C  f o r   30  m i n u t e s .  

F i g .   10  shows  a n o t h e r   e x a m p l e   of  a  c o n n e c t i n g  

s t r u c t u r e   of  t he   o u t p u t   end  of  t he   s e c o n d   c y l i n d r i c a l  

v e s s e l   31  and  the   o u t p u t   c o n t a i n e r   32.  The  c e r a m i c  

o u t p u t   c o n t a i n e r   32  and  a  j o i n t   r i n g   47  o f  A Z   or  a n  

A l - b a s e d   a l l o y   a r e   h o t - p r e s s e d   w i t h   an  Al  r i n g   48 

i n t e r p o s e d   t h e r e b e t w e e n .   Then  t he   j o i n t   r i n g   47  and  t h e  

s e c o n d   c y l i n d r i c a l   v e s s e l   31  a r e   a r c - w e l d e d .   The  o u t p u t  
c o n t a i n e r   32  and  the   j o i n t   r i n g   47  may  be  c o n n e c t e d   b y  

a n o t h e r   m e t h o d .   A  t r a n s p a r e n t   g l a s s   o u t p u t   window  33  i s  

a t t a c h e d   to  the   o u t p u t   end  of  the   o u t p u t   c o n t a i n e r   32  b y  

u s i n g   f r i t t e d   g l a s s .   The  o u t p u t   c o n t a i n e r   32  is  o f  

p r e f e r a b l y   c y l i n d r i c a l   s h a p e   so  as  to  w i t h s t a n d   t h e  

p r e s s u r e   e x e r t e d   d u r i n g   h o t - p r e s s i n g .  

F i g .   11  shows  an  e x a m p l e   w h e r e i n   an  i n p u t   s c r e e n   50 



is  f o rmed   d i r e c t l y   i n s i d e   t he   m e t a l   i n p u t   window  2.  T h e  

i n p u t   s c r e e n   10  of  the   I . I .   shown  in  F i g .   6  is  g e n e r a l l y  

f o r m e d   by  v a c u u m - d e p o s i t i n g   N a - a c t i v a t e d   CsI  p h o s p h o r   t o  

a  t h i c k n e s s   of  a b o u t   200  µm  on  t he   r e c e s s e d   s i d e   of  a  

s p h e r i c a l   Al  s u b s t r a t e   of  a b o u t   0 .5  mm  in  t h i c k n e s s ,  

f o r m i n g   a  p r o t e c t i v e   f i l m   of  Al2O3  or  the  l i k e   of  a b o u t  

400  A  in  t h i c k n e s s   t h e r e o v e r ,   and  f i n a l l y   f o r m i n g   a  

p h o t o c o n d u c t i v e   l a y e r   of  Cs -Sb   or  the   l i k e   w h i l e  

e v a c u a t i n g   the   I . I .   H o w e v e r ,   in  the   c o n s t r u c t i o n   s h o w n  

in  F i g .   11,  the   N a - a c t i v a t e d   CsI  p h o s p h o r   l a y e r ,   t h e  

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

f o r m e d   in  the   o r d e r   m e n t i o n e d   d i r e c t l y   on  the   i n n e r  

s u r f a c e   of  the   m e t a l   i n p u t   window  2  of  Al  or  an  A t - b a s e d  

a l l o y .   T h u s ,   in  the   c o n s t r u c t i o n   shown  in  F i g .   11,  t h e  

X - r a y   t r a n s m i s s i v i t y   is  i m p r o v e d ,   and  the   s c a t t e r i n g   o f  

the   X - r a y s   is  made  l e s s   s i n c e   the   Al  s u b s t r a t e   i s  

u n n e c e s s a r y .   T h u s ,   an  I . I .   of  e x c e l l e n t   p e r f o r m a n c e   may 
be  o b t a i n e d .  

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

p a r t s   in  t he   e m b o d i m e n t s   d e s c r i b e d   a b o v e ,   i t   may  b e  

f o r m e d   in  u n i t a r y   fo rm,   e s p e c i a l l y   in  the   c a s e   of  a  

s m a l l   I . I .   H o w e v e r ,   if   the   i n p u t   p h o s p h o r   s c r e e n   i s  

d i s p o s e d   d i r e c t l y   i n s i d e   the   i n p u t   w indow,   i t   i s  

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

p a r t s   s i n c e   t h e n   the   i n p u t   p h o s p h o r   s c r e e n   may  b e  

d i s p o s e d   a f t e r   c o n n e c t i n g   the   i n p u t   window  to  the  f i r s t  

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

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

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

c h a r a c t e r i s t i c s   can  t h u s   be  o b t a i n e d .  



1.  An  X - r a y   image  i n t e n s i f i e r   h a v i n g   an  e v a c u a t e d  

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

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

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

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

Al  or  an  A t - b a s e d   a l l o y ,   a  m e t a l   i n p u t   window  of  Al  o r  

an  A t - b a s e d   a l l o y   w h i c h   is  h e r m e t i c a l l y   c o n n e c t e d   to  o n e  

end  of  s a i d   c y l i n d r i c a l   v e s s e l ,   an  o u t p u t   c o n t a i n e r   o f  

c e r a m i c   or  g l a s s   w h i c h   is  h e r m e t i c a l l y   c o n n e c t e d   to  t h e  

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

window  wh ich   is  h e r m e t i c a l l y   s e a l e d   to  the   o u t p u t   end  o f  

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

2.  An  X - r a y   image  i n t e n s i f i e r   as  c l a i m e d   i n  

c l a i m   1,  c h a r a c t e r i z e d   in  t h a t   s a i d   o u t p u t   c o n t a i n e r   i s  

of   c y l i n d r i c a l   s h a p e .  

3.  An  X - r a y   image  i n t e n s i f i e r   as  c l a i m e d   i n  

c l a i m   1  or  2,  c h a r a c t e r i z e d   in  t h a t   t he   d i a m e t e r   a t   o n e  

end  of  s a i d   c y l i n d r i c a l   v e s s e l   is  g r e a t e r   t h a n   t h e  

d i a m e t e r   a t   the   o t h e r   end  t h e r e o f .  

4.  An  X - r a y   image   i n t e n s i f i e r  a s   c l a i m e d   i n  

c l a i m   1,  2  or   3,  c h a r a c t e r i z e d   in  t h a t   s a i d   c y l i n d r i c a l  

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

c y l i n d r i c a l   v e s s e l .  

5.  An  X - r a y   image  i n t e n s i f i e r   as  c l a i m e d   i n  

c l a i m   1  or  2,  c h a r a c t e r i z e d   in  t h a t   s a i d   o u t p u t  
c o n t a i n e r   is  made  of  c e r a m i c   and  is   h e r m e t i c a l l y  

c o n n e c t e d   to  the   o t h e r   end  of  s a i d   c y l i n d r i c a l   v e s s e l   b y  

b r a z i n g .  

6.  An  X - r a y   image   i n t e n s i f i e r   as  c l a i m e d   i n  

c l a i m   1  or  2,  c h a r a c t e r i z e d   in  t h a t   s a i d   o u t p u t  
c o n t a i n e r   is  made  of  c e r a m i c   and  i s   h e r m e t i c a l l y  

c o n n e c t e d   to  t h e   o t h e r   end  of  s a i d   c y l i n d r i c a l   v e s s e l   b y  

h o t - p r e s s i n g .  

7.  An  X - r a y   image   i n t e n s i f i e r   as  c l a i m e d   i n  



c l a i m   4,  c h a r a c t e r i z e d   in  t h a t   a  N i - p l a t i n g   l a y e r   i s  

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

8.  An  X - r a y   image  i n t e n s i f i e r   as  c l a i m e d   i n  

c l a i m   1,  c h a r a c t e r i z e d   in  t h a t   s a i d   o u t p u t   c o n t a i n e r   i s  

made  of  g l a s s   and  is  h e r m e t i c a l l y   c o n n e c t e d   to  the   o t h e r  

end  of  s a i d   c y l i n d r i c a l   v e s s e l   by  h o t - p r e s s i n g .  

9.  An  X - r a y   image  i n t e n s i f i e r   as  c l a i m e d   i n  

c l a i m   1,  c h a r a c t e r i z e d   in  t h a t   s a i d   o u t p u t   c o n t a i n e r   i s  

made  of  c e r a m i c   or  g l a s s   and  is  h e r m e t i c a l l y   c o n n e c t e d  

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

i n t e r m e d i a r y   of  a  j o i n t   r i n g   of  A2  or  an  A l - b a s e d   a l l o y .  

10.  An  X - r a y   image  i n t e n s i f i e r   as  c l a i m e d   i n  

c l a i m   3,  c h a r a c t e r i z e d   in  t h a t   an  i n p u t   p h o s p h o r   s c r e e n  

is  a r r a n g e d   d i r e c t l y   i n s i d e   t he   i n n e r   s u r f a c e   of  s a i d  

m e t a l   i n p u t   w i n d o w .  










	bibliography
	description
	claims
	drawings
	search report

