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@  X-ray  screen  device  and  its  use  for  tomography. 

An  X-ray  screen  device  comprising  a  substrate  (11, 
12)  that  is  transparent  to  light  and  is  coated  with  a  scin- 
tillating  material  adapted  to  generate  light  in  response  to 
X-radiation  (10)  incident  thereon.  The  X-ray  screen  in- 
cludes  a  plurality  of  sections  having  surfaces  extending  at 
a  grazing  angle  relative  to  the  incident  X-radiation. 



The  invention  r e l a t e s   to  an  X-ray  screen  device  comprising  a  sub-  

s t r a t e   that  is  t r a n s p a r e n t   to  l igh t   and  is  coated  with  a  s c i n t i l l a t i n g  
mater ia l   adapted  to  generate  l i gh t   in  response  to  X-radia t ion   i n c i d e n t  

thereon.  The  invent ion  p a r t i c u l a r l y   r e l a t e s   to  an  X-ray  screen  dev ice  

suited  e spec ia l ly   for  convert ing  X-ray  shadow  images,  the  i n f o r m a t i o n  

contents  of  which  vary  in  only  one  d i r ec t i on ,   into  l igh t   images.  Such 

X-ray  shadow  images  wil l   h e r e i n a f t e r   be  cal led  one-dimensional  X-ray 
images,  although  in  p r ac t i ce   such  images  will   never  be  one -d imens iona l  

in  the  mathematical  sense  of  the  word. 

When  designing  and  manufacturing  an  X-ray  screen  for  convert ing  X- 

ray  shadow  images  into  l i gh t   images,  which  is  also  known  by the  name  X- 

ray  s c i n t i l l a t o r ,   always  a  compromise  should  be  found between,  on  t h e  

one  hand,  the  absorpt ion  p r o p e r t i e s   in  respect   of  X-radia t ion   and,  on 
the  other  hand,  the  absorpt ion  p r o p e r t i e s   in  respect   of  l i gh t .   In  o r d e r  

to  achieve  an  X-ray  screen  absorbing  as  much  X-radia t ion  as  p o s s i b l e ,  
the  screen  should  be  provided  with  a  thick  layer  of  s c i n t i l l a t i n g   mate-  
r i a l .   A  drawback  inheren t   in  such  a  thick  layer  of  s c i n t i l l a t i n g   m a t e r i a l  

is  that   in  this  thick  layer  a  large  port ion  of  the  l i gh t   generated  by 
the  s c i n t i l l a t i o n   is  los t ,   so  that   the  r e s u l t a n t   l igh t   image  will   be  o f  

poor  luminosi ty.   Moreover,  due  to  l a t e r a l   d i spers ion   of  the  l i gh t   i n  

the  screen  ma te r i a l ,   the  l igh t   image  will   become  b lur red .   The  t h i c k e r  

the  layer,   the  g rea te r   the  l a t e r a l   d i spers ion   and  the  poorer  the  modula- 

tion  t r ans fe r .   Consequently,  in  order  to  achieve  as  good  a  l i gh t   image 

as  poss ib le ,   the  X-ray  screen  should  be  as  thin  as  p o s s i b l e .  
It  is  an  object   of  the  invent ion  to  provide  such  a  screen  that  t he  

two  above  c o n f l i c t i n g   requirements  are  s a t i s f i e d   both  at  the  same  t ime .  

To  achieve  this  objec t ,   in  accordance  with  the  invent ion  an  X-ray  sc reen  
device  of  the  above  type  is  cha rac t e r i z ed   in  that  the  X-ray  screen  com- 



pr ises   a  p l u r a l i t y   of  sect ions   having  surfaces  extending  at  a  g r a z i n g  

angle  r e l a t i ve   to  the  inc ident   X - r a d i a t i o n .  

The  invention  will   be  described  in  grea ter   de ta i l   h e r e i n a f t e r   w i t h  

reference  to  the  accompanying  drawing  showing  a  number  of  embodiments 

of  the  invention.   In  this   drawing:  

Fig.  1  is  a  schematic  i l l u s t r a t i o n   of  the  inventive  idea  u n d e r l y i n g  
the  present   i n v e n t i o n ;  

Fig.  2  shows  a  c r o s s - s e c t i o n a l   view  of  an  embodiment  of  an  X-ray 
s c i n t i l l a t o r   according  to  the  i n v e n t i o n ;  

Fig.  3  and  Fig.  4  show  va r i an t s   of  the  X-ray  s c i n t i l l a t o r   shown  i n  

Fig.  2; 

Fig.  5  shows  a  c r o s s - s e c t i o n a l   view  of  another  embodiment  of  t h e  

X-ray  s c i n t i l l a t o r   according  to  the  invent ion;   and 

Fig.  6  shows  a  va r i an t   of  Fig.  5.  

Fig.  1  shows  an  X-ray  screen  or  X-ray  s c i n t i l l a t o r   comprising  a  sub-  

s t r a t e   1 ' t ha t   is  t r a n s p a r e n t   to  l i gh t ,   on  which  subs t ra te   a  layer  o f  

s c i n t i l l a t i n g   mater ia l   2  is  provided.  The  layer   2  is  a  granular  l a y e r  

having  an  average  th ickness   d.  Consequently,  X-radia t ion  inc iden t   i n  

the  d i rec t ion   of  arrows  3  is  confronted  with  an  absorbing  layer  of  a  
thickness  d.  In  dependence  upon  the  energy  of  the  inc iden t   r a d i a t i o n  

and  upon  the  point   of  incidence,   this   r ad ia t ion   pene t ra te s   the  layer  2 

to  a  greater   or  l e s se r   depth  before  being  absorbed  and  converted  i n t o  

l igh t .   The  deeper  the  X-radia t ion   pene t ra te s   layer  2,  the  b r igh t e r   t h e  

l igh t   image  obtained  at  the  subs t r a t e   side  of  the  screen  wil l   be,  as  
less  l igh t   is  being  absorbed.  The  deeper  the  pene t r a t i on ,   however,  t h e  

greater   the  chances  of  a  por t ion   of  the  X-radia t ion   passing  through  t h e  

screen  without  being  absorbed,  which  is  u n d e s i r a b l e .  

It  is  poss ib le  ' to   increase   the  th ickness   of  the  sc reen  wi th   which 

the  X-rays  are  confronted  by  causing  the  X-rays  to  be  i nc iden t   at  an 

angle  r e l a t i ve   to  the  screen,  for  example  as  ind ica ted   by  arrows  4.  As 

the  real  thickness  of  the  screen  remains  the  same,  the  degree  of  l i g h t  

absorption  likewise  remains  the  same.  Consequently,  i t   is  poss ib le   i n  

p r inc ip le   to  obtain  an  X-ray  screen  that   is  thick  for  inc iden t   X - r a d i a -  

tion  and  thin  for  l i gh t ,   by  simply  pos i t i on ing   the  screen  at  a  g r a z i n g  
angle  r e l a t i v e   to  the  i nc iden t   X- rad ia t ion .   This  simple  so lu t ion ,   how- 

ever,  has  the  p r a c t i c a l   drawback  tha t   an  image  is  obtained  that   is  d e -  

formed  in  one  d i r e c t i o n ,   which  is  the  x - d i r e c t i o n  i n   the  drawing,  as  

the  image  is  extended  in  this   d i r e c t i o n .  

This  drawback  is  not  r e l evan t   if   the  information  contained  in  t h e  



X-ray  shadow  image  image  does  not  vary  in  the  x -d i r ec t i on .   Such  a  s i t u a -  

tion  occurs,  for  example,  when  cons t ruc t ing   a  tomogram,  in  which  p r o c e -  
dure  an  image  of  a  c r o s s - s e c t i o n   of  a  body  is  formed  from  a  p l u r a l i t y  
of  p ro f i l e s   by  means  of  b a c k - p r o j e c t i o n .   Detai ls   of  this  technique  have 

been  described  in  German  O f f e n l e g u n g s s c h r i f t   2,017,441  and  in  Dutch 

patent   appl ica t ion   76,05254,  open  to  public  inspec t ion .   In  this  connec- 

tion,  a  p ro f i l e   is  an  X-ray  shadow  image  that   is  l inear   in  theory  b u t  

s t r i p - l i k e   in  actual  p rac t i ce   and  whose  i n t e n s i t y   varies  in  only  one 
d i rec t ion ,   i .e .   the  d i r ec t ion   of  the  line  or  s t r i p .  

When  cons t ruct ing   a  tomogram  from  a  p l u r a l i t y   of  p r o f i l e s ,   a 
breadthwise  extension  of  the  s t r i p - l i k e   p r o f i l e s   due  to  the  manner  o f  

p ro jec t ing   cons t i tu t e s   no  problem  at  a l l   as  such  an  extension  is  impe- 
ra t ive   indeed  in  cons t ruc t ing   the  tomogram.  Consequently,  if  in  the  s i -  
tuat ion  shown  in  Fig.  1  the  p r o f i l e   extends  normal  to  the  plane  of  the  

drawing  and  is  pro jec ted   at  an  angle  onto  the  screen,  for  example  in  the  

d i rec t ion   of  arrows  4,  the  width  of  the  p r o f i l e   is  increased  indeed  ( i . e .  
the  width  is  greater   that   i t   would  be  in  the  event  of  a  conven t iona l  

p ro jec t ion   normal  to  the  screen  as  i nd ica ted   by  arrows  3)  but  no  deforma- 

tion  in  the  long i tud ina l   d i r e c t i o n   of  the  p ro f i l e   occu r s .  

Fig.  2  shows  a  c r o s s - s e c t i o n a l   view  of  an  example  of  a  p r a c t i c a l  
embodiment  of  an  X-ray  s c i n t i l l a t o r   su i t ab le   for  tomography  and  based  on 
the  p r inc ip le s   described  above.  The  d i r ec t i on   of  the  X-rays  inc ident   on 
a  V-shaped  X-ray  screen  is  i nd ica t ed   by  arrow  10.  The  V-shaped  X-ray 
screen  extends  normal  to  the  plane  of  the  drawing  and  consis ts   of  two 
surfaces  11  and  12.  Assuming  that   the  inc iden t   X-radia t ion  r e p r e s e n t s  
one  or  more  p r o f i l e s ,   the  informat ion  contents  of  the  p r o f i l e s   will  va ry  
only  in  a  d i rec t ion   normal  to  the  plane  of  the  drawing.  The  i nc luded  

angle  of  the  V-shaped  screen  and  the  width  of  the  p r o f i l e s   can  be  s e l e c t -  

ed  so  that   the  two  surfaces  11  and  12  j o i n t l y   receive  the  X-rays 
associa ted   with  a  single  p r o f i l e .   However,  the  X-ray  s c i n t i l l a t o r   i s  

p re fe rab ly   dimensioned  so  tha t   one  or  more  p r o f i l e s   are  p ro jec ted   onto  
each  surface  11,  12.  In  p r a c t i c e ,   these  d i f f e r e n t   p r o f i l e s   a re  
associa ted   with  d i f f e r e n t   tomograms  to  be  c o n s t r u c t e d .  

Fig.  2  shows  the  s i t u a t i o n   in  which  a  f i r s t   p ro f i l e   P1  is  p r o j e c t -  
ed  onto  screen  section  11  and  a  second  p r o f i l e   P2  is  p r o j e c t e d ' o n t o  

screen  section  12.  The  p r o f i l e s   P1  and  P2  have  a  width  bl  determined  by 
the  thickness  of  the  X-ray  beam.  The  X-ray  s c i n t i l l a t o r   surfaces  11  and 

12  convert  the  p ro f i l e s   P1  and  P2  into  l i gh t   images  P1'  and  P2'  hav ing  

a  greater   width  b2. 



In  connection  with  the  fu r ther   process ing  of  the  p r o f i l e s ,   i t   i s  

often,  but  not  always,  des i rab le   to  p ro jec t   the  p r o f i l e s   converted  i n t o  

lights-images  P1'  and  P2'  onto  one  and  the  same  planar   surface.   To  t h i s  

end,  the  X-ray  s c i n t i l l a t o r   device  is  provided  with  r e f l e c t i v e   s u r f a c e s  

13  and  14.  In  the  embodiment  shown,  these  surfaces  are  planar  but,  i f  

desired,   surfaces  13  and  14  may  have  a  cer ta in   curvature  in  the  p l ane  

of  the  drawing,  for  example  if   i t   is  desired  to  anamorphotical ly  p r o -  

ject  the  p r o f i l e s   Pl'  and  P 2 ' .  

The  r e f l e c t i v e   surfaces  13  and  14  are  mounted  at  an  angle  to  each 

other  and  to  screen  sect ions  11  and  12.  The  angles  are  se lec ted   so  t h a t  

the  r e f l e c t e d   images  P1"  and  P2"  are  in  one  plane.  These  images  P1"  and 

P2"  can  be  pro jec ted   in  known  per  se  manner  by  means  of  an  opt ica l   p r o -  
ject ion  system  onto  the  entrance  window  of  a  t e l e v i s i o n   camera  t ube .  

Pre fe rab ly ,   screen  sect ions   11  and  12  and  r e f l e c t i v e   surfaces  13 

and  14  are  formed  on  surfaces  of  a  prism-shaped  piece  of  glass  having  a  
c r o s s - s e c t i o n a l   shape  as  shown  in  Fig.  2  with  a  bottom  face  or  exit   f ace  

15.  If  des i red ,   the  exit   face  may  be  of  c y l i n d r i c a l   shape  in  order  t o  

achieve,  if  necessary  in  combination  with  other  cy l ind r i c   opt ica l   e l e -  

ments,  an  anamorphotic  p ro jec t ion   of  high  luminosi ty .   Examples  of  such 
exit  faces  are  shown  in  Fig.  3  and  Fig.  4 .  

Fig.  5  shows  another  embodiment  of  an  X-ray  s c i n t i l l a t o r   acco rd ing  
to  the  invent ion.   This  embodiment  is  p a r t i c u l a r l y   sui ted  for  c o n c u r r e n t -  

ly  forming  l ight   images  of  a  large  number  of  juxtaposed  X-ray  shadow 

images,  for  example  a  p l u r a l i t y   of  p r o f i l e s   a s soc ia ted   with  d i f f e r e n t  

tomograms  to  be  c o n s t r u c t e d .  
The  X-ray  s c i n t i l l a t o r   shown  in  Fig.  5  comprises  a  p l u r a l i t y   o f  

screen  sect ions   50  through  57  mounted  at  an  angle  to  the  d i rec t ion   o f  

X-ray  incidence  ind ica ted   by  arrow  10,  which  screen  sect ions  ex tend  

normal  to  the  plane  of  the  drawing.  In  this   embodiment,  the  p r o f i l e s  
converted  by  the  screen  sect ions  into  l igh t   images  are  not  p r o j e c t e d  
onto  a  planar  surface  by  means  of  r e f l e c t i v e   surfaces   but  by  means  o f  

su i tab ly   shaped  f ibre  opt ics   elements  60  through  67.  In  c r o s s - s e c t i o n ,  
these  f ibre  opt ics   elements  have  the  shape  of  a  r i gh t - ang l ed   t r i a n g l e ,  
the  hypotenuse  of  which  is  placed  against   a  screen  sect ion.   A l l  p r o f i l e s  

are  p ro jec ted   onto  an  exi t   face  68  that may  be  planar  as  well  as  curved.  

It  will   be  clear  that   two  juxtaposed  elements,   such  as  60  and  61,  may 
be  formed  i n t e g r a l l y   or  that   even  a l l   the  elements  may  be  formed  from,m 

a  single  f ibre  opt ics   p l a t e ,   as  shown in  Fig.  6. The  embodiment  i l l u s -  

t r a ted   by  Fig.  5  as  well  as  the  embodiments  i l l u s t r a t e d   by  Figs.  6  and 



7  may  be  combined  with  one  or  more  anamorphotic  lenses  in  a  manner 
s imilar   to  that  shown  in  Fig.  3  and  Fig.  4.  Each  screen  section  can  form 

a  l igh t   image  of  one  or  more  p r o f i l e s   or  even  of  a  par t   of  a  p r o f i l e .  

Fig.  6.  shows  a  c r o s s - s e c t i o n a l   view  of  a  va r i an t   of  the  embodiment 

shown  in  Fig.  5.  This  embodiment  comprises  a  p l u r a l i t y   of  p a r a l l e l  
screen  sect ions   70  through  74  having  t he i r   sides  remote  from  the  s i d e s  

on  which  X-radia t ion  is  inc ident   disposed  agains t   the  oblique  sides  o f  

p ro j ec t ions   of  a  fibre  optics  p la te   75,  which  p ro j ec t ions   have  the  shape 
of  a  r i gh t - ang led   t r i ang le   in  c r o s s - s e c t i o n .   All  p r o f i l e s   are  p r o j e c t e d  
onto  an  exit   face  76  of  the  f ibre  opt ics   p l a t e ,   which  face  may  be  a 
curved  or  a  planar  s u r f a c e .  

It  is  observed  that   only  a  few  embodiments  of  the   inventive  i d e a  

have  been  descr ibed  above.  Various  modi f ica t ions   of  the  embodiments  de -  
secribed  are  obvious  to  the  worker  in  the  ar t .   For  example,  in  the  embo- 
diments  shown  in  Figs.  2-4  the  inwardly  d i rec ted   screen  sections  may 
just   as  well  be  d i rec ted   outwardly,  r e s u l t i n g   in  a  screen  of  i n v e r t e d  

V-shape.  This  modif icat ion  and  s imi lar   obvious  modif ica t ions   are  c o n s i d e r -  
ed  to  fa l l   within  the  scope  of  the  i n v e n t i o n .  

It  is  fur ther   observed  that   in  the  above  the  invention  has  been 
described  with  reference  to  the  app l i ca t ion   of  the  invent ive   idea  to  a 
device  for  tomography.  The  invent ion ,   however,  is  equally  applicable  t o  
other  s i t u a t i o n s   in  which  one-dimensional  X-ray  shadow  images  are  to  be 

processed  and  even  to  s i t u a t i o n s   involving  two-dimensional  X-ray  shadow 

images  if   a  cer ta in   deformation  of  the  image  is  e i the r   acceptable  or  can 
be  readi ly   e l iminated  during  the  fur ther   process ing   of  the  images. 



1.  An  X-ray  screen  device  comprising  a  subs t ra te   that   is  t r a n s p a r e n t  

to  l ight   and  is  coated  with  a  s c i n t i l l a t i n g   mater ia l   adapted  to  gene ra t e  

l igh t   in  response  to  X-radiat ion  inc iden t   thereon,  cha rac t e r i zed   in  t h a t  

the  X-ray  screen  comprises  a  p l u r a l i t y   of  sect ions   having  surfaces  ex -  

tending  at  a  grazing  angle  r e l a t i ve   to  the  inc iden t   X - r a d i a t i o n .  

2.  An  X-ray  screen  device  according  to  claim  1,  cha rac t e r i z ed   in  t h a t  

the  X-ray  screen  comprises  means  adapted  to  t ransmit   the  l i gh t   images 
formed  by  the  sec t ions   extending  at  an  angle  r e l a t i v e   to  the  i n c i d e n t  

X-radia t ion  to  a  s ingle  s u r f a c e .  

3.  An  X-ray  screen  device  according  to  claim  2,  cha rac t e r i z ed   by  two 

planar  sect ions   each  c o n s t i t u t i n g ,   in  c r o s s - s e c t i o n ,   one  of  the  legs  o f  

a  V-shape  having  i t s   inside  coated  with  the  s c i n t i l l a t i n g   mater ia l ;   and 

by  two  r e f l e c t i n g   surfaces  located  outside  the  V-shape,  which  r e f l e c t -  

ing  surfaces  each  enclose  an  acute  angle  with  one  of  the  legs  of  the  V- 

shape  so  as  to  r e f l e c t   the  l igh t   images  formed  by  the  sec t ions   so  t h a t  

said  images  are  brought  to  a  s ingle  s u r f a c e .  

4.  An  X-ray  screen  device  according  to  claim  3,  cha rac t e r i zed   by  a  

pr ismat ic   glass  body  having  i t s   side  faces  provided  with  an  i n t e r n a l l y  

r e f l e c t i n g   layer  and  having  i t s   top  face  provided  with  a  V-shaped  groove 
having  i t s   walls  coated  with  s c i n t i l l a t i n g   m a t e r i a l .  

5.  An  X-ray  screen  device  according  to  claim  4,  cha rac t e r i z ed   in  t h a t  

the  bottom  face  is  curved  so  as  to  cause  an  anamorphotic  p ro j ec t i on   o f  

the  images  r e f l e c t e d   by  the  r e f l e c t i n g   l a y e r s .  
6.  An  X-ray  screen  device  according  to  claim  2,  c h a r a c t e r i z e d   by  a  
subs t ra te   cons i s t i ng   of  a  f l a t   f ibre  opt ics   p la te   having  i t s   o p t i c a l  
f ibres   extending  normal  to  i t s   top  and  bottom  surfaces ,   a  p l u r a l i t y   o f  

juxtaposed  and  l a t e r a l l y   adjoining  grooves  of  equal  shape  being  formed 

in  the  top  surface  of  said  p la te ,   the  walls  of  which  grooves  are  always 

p a r a l l e l   with  the  corresponding  walls  of  adjacent   grooves  and  are  coa t ed  

with  s c i n t i l l a t i n g   m a t e r i a l .  

7.  An  X-ray  screen  device  according  to  claim  6,  c h a r a c t e r i z e d   in  t h a t  

the  grooves  of  equal  shape  each  have  one  wall  extending  p a r a l l e l   w i th  

the  d i rec t ion   of  the  op t ica l   f i b r e s .  

8.  An  X-ray  screen  device  according  to  claim  6,  cha rac t e r i z ed   in  t h a t  

the  grooves  are  of  V-shaped  c r o s s - s e c t i o n   and  that   both  walls  of  each 

groove  are  coated  with  s c i n t i l l a t i n g   m a t e r i a l .  



9.  An  X-ray  screen  device  according  to  any one  of  claims  6 -8 , '  cha rac -  

te r ized  in  that  the  subs t ra te   includes  anamorphotic  lens  means  on  i t s  

side  remote  from  the  side  in  which  the  grooves  are  formed. 

10.  An  X-ray  device  for  forming  and  d isplaying  X-ray  shadow  images, 
cha rac te r i zed   by  an  X-ray  screen  device  according  to  any one  of  c laims 

1-9. 

11.  A  device  for  tomography  for  cons t ruc t ing   a  tomogram  from  p r o f i l e s ,  
cha rac te r i zed   by  an  X-ray  screen  device  according  to  any one  of  c laims 

1-9,  in  which  the  sect ions  placed  at  an  angle  extend  p a r a l l e l   with  t he  

long i tud ina l   d i r ec t ion   of  the  p r o f i l e s .  
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