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A   radiographic  image  conversion  screen  comprises  a 
support,  a  first  fluorescent  layer  formed  on  the  support  and 
consisting  essentially  of  a  blue  emitting  phosphor  and  a 
second  fluorescent  layer  formed  on  the  first  fluorescent  layer 
and  consisting  essentially  of  a  green  emitting  rare  earth 
phosphor. 



BACKGROUND  OF  THE  I N V E N T I O N :  

FIELD  OF  THE  I N V E N T I O N :  

The  p r e s e n t   i n v e n t i o n   re la tes   to  a  r a d i o g r a p h i c   i m a g e  

c o n v e r s i o n   s c r e e n .   More  p a r t i c u l a r l y ,   it  r e l a t e s   to  a  r a d i o g r a p h i c   i m a g e  

c o n v e r s i o n   s c r e e n ,   i . e .   a  r a d i o g r a p h i c   i n t e n s i f y i n g   s c r e e n   ( h e r e i n a f t e r  

r e f e r r e d   to  simply  as  " i n t e n s i f y i n g   s c r e e n " )   or  a  f l u o r e s c e n t   s c r e e n ,   w h i c h  

compr i se s   double  p h o s p h o r   l aye r s   i .e .   a  g reen   emi t t ing   rare  ear th   p h o s p h o r  

l ayer   and  a  blue  emi t t ing   p h o s p h o r   layer   and  which  has  a  high  speed   a n d  

exh ib i t s   s u p e r i o r   image  fo rming   c h a r a c t e r i s t i c s   (in  this   spec i f i c a t i on ,   t h e  

" r a d i o g r a p h i c   image  c o n v e r s i o n   sc reen"   i n c l u d e s   the  i n t e n s i f y i n g   s c r e e n  

and  the  f l u o r e s c e n t   s c r e e n ) .  

D E S C R I P T I O N   OF  THE  PRIOR  A R T :  

As  is  well  known ,   a  r a d i o g r a p h i c   image  c o n v e r s i o n   s c r e e n   i s  

used   for  medical  d iagnos i s   and  n o n - d e s t r u c t i v e   i n s p e c t i o n   of  i n d u s t r i a l  

p r o d u c t s ,   and  it  emits  an  u l t r av io l e t   ray  or  a  v is ible   ray  upon  a b s o r p t i o n  

of  r a d i a t i o n   pa s sed   t h r o u g h   an  objec t ,   and  t hus   c o n v e r t s   a  r a d i o g r a p h i c  

image  to  an  u l t rav io le t   image  or  a  visible  i m a g e .  

-  When  the  r a d i o g r a p h i c   image  c o n v e r s i o n   s c r e e n   is  used  as  a n  

i n t e n s i f y i n g   sc reen   for  r a d i o g r a p h y ,   it  is  fit  on  a  r a d i o g r a p h i c   film 

( h e r e i n a f t e r   r e f e r r e d   to  s imply  as  "film")  so  that   a  r ad ia t ion   image  will  b e  

c o n v e r t e d   on  the  f l u o r e s c e n t   su r f ace   of  the  i n t e n s i f y i n g   s c r e e n  t o   a n  

u l t r a v i o l e t   image  or  a  visible  image  which  will  then   be  r eco rded   on  t h e  

film.  On  the  o ther   hand ,   when  it  is  used   as  a  f l u o r e s c e n t   s c r e e n ,  

the  r ad i a t ion   image  of  the  object   c o n v e r t e d   on  the  f l u o r e s c e n t   s u r f a c e   o f  



the  f l u o r e s c e n t   s c r e e n   to  a  v is ible   image  may  be  p h o t o g r a p h e d   by  a  

p h o t o g r a p h i c   camera   or  may  be  p r o j e c t e d   on  a  t e lev is ion   sc reen   by  m e a n s  

of  a  t e l e v i s o n   camera  t u b e ,   or  the  vis ible   image  thus   formed  may  b e  

o b s e r v e d   by  naked   e y e s .  

Bas i ca l l y ,   the   r a d i o g r a p h i c   image  c o n v e r s i o n   sc reen   comprises   a  

s u p p o r t   made  of  e . g .   p a p e r   or  a  p las t i c   shee t   and  a  f l u o r e s c e n t   l a y e r  

fo rmed   on  the  s u p p o r t .   The  f l u o r e s c e n t   l aye r   is  composed  of  a  b i n d e r  

and  a  p h o s p h o r   d i s p e r s e d   in  the  b i n d e r   and  being  capable   of  e f f i c i e n t l y  

e m i t t i n g   l ight   when  exc i t ed   by  the  r a d i a t i o n   of  e .g .   X - r a y s ,   and  t h e  

s u r f a c e   of  the  f l u o r e s c e n t   l aye r   is  u sua l ly   p r o t e c t e d   by  a  t r a n s p a r e n t  

p r o t e c t i v e   l a y e r .  

For  medical  d i agnos i s   by  means  of  r a d i o g r a p h y ,   a  high  s p e e d  

r a d i o g r a p h i c   sys tem  ( i . e .   a  combina t ion   of  a  film  and  an  i n t e n s i f y i n g  

s c r e e n )   is  d e s i r e d   to  minimize  the  p a t i e n t s '   dosage   of  r a d i o a c t i v i t y .  

At  the   same  time,  a  r a d i o g r a p h i c   sys tem  is  d e s i r e d   which  is  capable   o f  

p r o v i d i n g   good  image  qua l i ty   ( i .e .   s h a r p n e s s ,   g r a n u l a r i t y   and  c o n t r a s t )  

s u i t a b l e   for  d i agnos i s   by  clinical  p h o t o g r a p h y .   A c c o r d i n g l y ,   t h e  

i n t e n s i f y i n g   s c r e e n   is  d e s i r e d   to  have  a  h igh   speed  and  to  p rov ide   s u p e r i o r  

s h a r p n e s s ,   g r a n u l a r i t y   and  c o n t r a s t .   L ikewise   in  the  case  of  a  f l u o r e s c e n t  

s c r e e n ,   it  is  d e s i r e d   to  have  a  h igh  s p e e d   and  to  p rov ide   p a r t i c u l a r l y  

good  c o n t r a s t   so  tha t   it  is  t h e r e b y   poss ib le   to  minimize  the  p a t i e n t s '  

d o s a g e   of  r a d i o a c t i v i t y   and  at  the  same  time  to  obta in   an  image  h a v i n g  

good  image  q u a l i t y .  

As  high  speed   r a d i o g r a p h i c   image  c o n v e r s i o n   s c r e e n s ,   t h e r e  

have   been   d e v e l o p e d   r a d i o g r a p h i c   image  c o n v e r s i o n   s c r e e n s   compr i s ing   a  

r a r e   e a r t h   o x y s u l f i d e   p h o s p h o r ,   such   as  one  where in   a  t e r b i u m - a c t i v a t e d  

r a r e   e a r t h   o x y s u l f i d e   p h o s p h o r   which  is  a  g r e e n   emi t t ing   p h o s p h o r   a n d  

r e p r e s e n t e d   by  the  formula   (Ln,  Tb) 2° 2S  where   Ln  is  at  least  o n e  

s e l e c t e d   from  l a n t h a n u m ,   gadolinium  and  l u t e t i u m ,   is  used  (US  Patent   No.  



3 , 7 2 5 , 7 0 4 ) ,   and  one  where in   a  t e r b i u m - a c t i v a t e d   y t t r i um  o x y s u l f i d e  

which  is  a  blue  emi t t ing   p h o s p h o r   and  r e p r e s e n t e d   by  the  formula  (Y,  Tb)  
2 

025 ,   is  used  (US  Pa ten t   No.  3 , 7 3 8 , 8 5 6 ) .   Among  them,  i n t e n s i f y i n g  

s c r e e n s   u s i n g   a  g r e e n   emitt ing  r a re   ea r th   p h o s p h o r ,   p a r t i c u l a r l y ,   a  r a r e  

ear th   o x y s u l f i d e   p h o s p h o r   such  as  a  t e r b i u m - a c t i v a t e d   g a d o l i n i u m  

o x y s u l f i d e   p h o s p h o r   r e p r e s e n t e d   by  the  formula  (Gd,   Tb)2O2S  or  a  

t e r b i u m - a c t i v a t e d   l an thanum  o x y s u l f i d e   p h o s p h o r   r e p r e s e n t e d   by  t h e  

formula  (La,  T b ) 2 O 2 S ,   have  a  speed   severa l   times  h i g h e r   than   the  s p e e d  

of  commonly  used  conven t iona l   i n t e n s i f y i n g   s c r e e n s   us ing   a  ca lc ium 

t u n g s t a t e   p h o s p h o r   r e p r e s e n t e d   by  the  formula  CaWO4  and  t h e y  h a v e  

r e l a t ive ly   good  g r a n u l a r i t y   as  compared   to  o the r   high  speed   i n t e n s i f y i n g  

s c r e e n s .   - T h e r e f o r e ,   they  a re   u t i l ized  in  high  speed  r a d i o g r a p h i c   s y s t e m s  

in  combina t ion   with  an  o r t h o c h r o m a t i c - t y p e   ( h e r e i n a f t e r   r e f e r r e d   to  s i m p l y  

as  " o r t h o - t y p e " )   film  having  a  wide  s p e c t r a l   s e n s i t i v i t y   r a n g i n g   from  a  b l u e  

region  to  a  g r een   region.   Meanwhile ,   in  the  r ecen t   high  speed   r a d i o g r a p h i c  

sys tems  based   on  a  combination  of  a  green   emi t t ing   r a re   ea r th   i n t e n s i f y i n g  

sc reen   and  an  o r t h o - t y p e   film,  t h e r e   is  a  t e n d e n c y   to  use  a  low  s p e e d  

o r t h o - t y p e   film  u t i l i z ing   fine  s i lver   halide  gra ins   in  o r d e r   to  minimize  t h e  

amount  of  s i lver   used  for  the  film  and  to  improve   the  image  q u a l i t y ,  

p a r t i c u l a r l y   the  g r a n u l a r i t y ,   at  a  high  speed  level.  It  is  t h e r e f o r e  

s t r o n g l y   d e s i r e d   to  f u r t h e r   improve   the  speed  of  the  i n t e n s i f y i n g   s c r e e n  

with  a  view  to  r e d u c t i o n   of  the  p a t i e n t s '   dosage   of  r a d i o a c t i v i t y   and  at  t h e  

same  time  to  improve   the  s h a r p n e s s   of  the  i n t e n s i f y i n g   s c r e e n ,   which  t e n d s  

to  be  r e d u c e d   with  an  i nc rea se   of  the  s p e e d .  

Among  the  green  emi t t ing   p h o s p h o r s ,   a  gadol in ium  o x y s u l f i d e  

p h o s p h o r   i s  p a t i c u l a r l y   p r e f e r a b l y   used  for  a  high  speed  i n t e n s i f y i n g  

s c r e e n .   Howeve r ,   it  has  a  K  a b s o r p t i o n   edge  at  50.2  KeV,  a n d  

a c c o r d i n g l y ,   the  i n t e n s i f y i n g   s c reen   us ing   it  has  d r a w b a c k s   that  t h e  



c o n t r a s t   t h e r e b y   o b t a i n a b l e   wi th in   the  X- ray   tube  vol tage   r a n g e  

commonly  used  for  medical   d i a g n o s i s   ( i . e .   from  60  to  140  KVp)  is  i n f e r i o r  

due  to  the  X- ray   a b s o r b i n g   c h a r a c t e r i s t i c s   of  such  a  p h o s p h o r ,   and  t h e  

c h a n g e   of  the  speed  of  the  i n t e n s i f y i n g   sc reen   d e p e n d i n g   on  a  change   o f  

the  tube   vol tage   t ends   to  be  g r e a t ,   t hus   leading  to  d i f f icu l t ies   in  s e t t i n g  

the  condi t ion   of  r a d i o g r a p h y .  

SUMMARY  OF  THE  INVENTION :  

It  is  an  object   of  the  p r e s e n t   i nven t ion   to  overcome  the  a b o v e  

men t ioned   d i f f icu l t ies   in  the  c o n v e n t i o n a l   r a d i o g r a p h i c   d i agnos i s   s y s t e m s  

w h e r e i n   r a d i o g r a p h i c   image  c o n v e r s i o n   s c r eens   are  u sed ,   and  to  p r o v i d e  

a  r a d i o g r a p h i c   image  c o n v e r s i o n   s c r e e n   which,   when  used   as  an  i n t e n s i f y i n g  

s c r e e n   in  combinat ion   with  an  o r t h o - t y p e   film,  has  a  speed  at  least  e q u a l  

to  the  speed  of  the  c o n v e n t i o n a l   i n t e n s i f y i n g   s c r e e n s   us ing   a  g r e e n  

emi t t ing   r a re   ea r th   p h o s p h o r   and  is  capable   of  p r o v i d i n g   an  image  h a v i n g  

s u p e r i o r   image  qua l i t y ,   p a r t i c u l a r l y   s u p e r i o r   s h a r p n e s s   and  c o n t r a s t  

wi thout   d e g r a d a t i o n   of  the  g r a n u l a r i t y ,   and  which  is  less  d e p e n d e n t   in  i t s  

speed   on  the  X - r a y   t ube   vo l t age   as  compared   with  the  conven t iona l   i n t e n s i f y -  

ing  s c r e e n s .  

A n o t h e r   object   of  the  p r e s e n t   i nven t ion   is  to  p rov ide   a  

r a d i o g r a p h i c   image  c o n v e r s i o n   s c r e e n   which,   when  used  as  a  f l u o r e s c e n t  

s c r e e n   in  assoc ia t ion   with  a  p h o t o g r a p h i c   camera  or  an  X- ray   t e l e v i s i o n  

s y s t e m ,   has  a  speed  at  least  equal   to  the  speed  of  a  c o n v e n t i o n a l  

f l u o r e s c e n t   sc reen   us ing   a  g reen   emi t t ing   rare   ea r th   p h o s p h o r   and  i s  

capable   of  p r o v i d i n g   an  image  h a v i n g   an  improved   c o n t r a s t   over  t h e  

c o n v e n t i o n a l   f l uo re scen t   s c r e e n .  



As  a  r e su l t   of  e x t e n s i v e   s tud ies   on  v a r i o u s   p h o s p h o r s   u s e d  

for  the  f l u o r e s c e n t   l ayers   of  the  r a d i o g r a p h i c   image  c o n v e r s i o n   s c r e e n s  

and  va r ious   combina t ions   t h e r e o f ,   the  p r e s e n t   i n v e n t o r s   have  found  t h a t  

the  above  ob jec t s   can  be  accompl i shed   by  us ing   a  combina t ion   of  a  r a r e  

e a r t h   p h o s p h o r   capable   of  emit t ing  green  l ight  upon   e x p o s u r e   to  r a d i a t i o n  

and  a  p h o s p h o r   capable   of  emit t ing  blue  light  upon  e x p o s u r e   to  r a d i a t i o n  

in  such  a  manne r   as  to  form  a  double  layer   s t r u c t u r e   where in   a  f l u o r e s c e n t  

l ayer   composed  of  the  green   emi t t ing   rare  ea r th   p h o s p h o r   is  d i s p o s e d  

on  the  s u r f a c e   side  ( i .e .   the  ou tpu t   side  of  the  emi t ted   l ight)   and  a  f l u o r e s -  

cent  l ayer   composed  of  the  blue  emit t ing  p h o s p h o r   is  d i sposed   on  the  s i d e  

facing  a  s u p p o r t .  

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

c o n v e r s i o n   s c r e e n   which  comprises   a  s u p p o r t ,   a  f i r s t   f l u o r e s c e n t   l a y e r  

formed  on  the  s u p p o r t   and  c o n s i s t i n g   e s sen t i a l l y   of  a  blue  emit t ing  p h o s p h o r  

and  a  second  f l u o r e s c e n t   layer   formed  on  the  f i rs t   f l u o r e s c e n t   layer  a n d  

c o n s i s t i n g   e s sen t i a l l y   of  a  green  emitt ing  rare   e a r t h   p h o s p h o r .  

The  r a d i o g r a p h i c   image  conve r s ion   s c r e e n   of  the  p r e s e n t  

i n v e n t i o n   has  a  f l u o r e s c e n t   layer   composed  e s s e n t i a l l y   of  a  blue  e m i t t i n g  

p h o s p h o r   i n t e r p o s e d   be tween   the  suppor t   and  the  f l u o r e s c e n t   l a y e r  

composed  e s sen t i a l l y   of  a  green   emit t ing  rare   e a r t h   p h o s p h o r ,   and  t h u s  

is  capable   of  emit t ing  blue  and  green  l igh t s ,   and  it  has  a  speed  at  l e a s t  

equal   to  the  speed  of  the  conven t iona l   r a d i o g r a p h i c   image  c o n v e r s i o n  

s c r e e n s   compr i s i ng   only  the  green   emitt ing  ra re   e a r t h   p h o s p h o r   l a y e r .  

F u r t h e r ,   it  p r o v i d e s   an  image  hav ing   s u p e r i o r   image  q u a l i t y ,   p a r t i c u l a r l y  

s u p e r i o r   c o n t r a s t ,   as  compared   with  the  c o n v e n t i o n a l   r a d i o g r a p h i c   image  

c o n v e r s i o n   s c r e e n s ,   and  when  used  as  an  i n t e n s i f y i n g   sc reen   i n  

combina t ion   with  an  o r t h o - t y p e   film,  it  p r o v i d e s   i m p r o v e d   s h a r p n e s s   o v e r  

the  c o n v e n t i o n a l   i n t e n s i f y i n g   s c r eens   and  the  d e p e n d a b i l i t y   of  its  s p e e d  

aga ins t   the  X- ray   tube  voltage  is  t h e r e b y   i m p r o v e d .  



BRIEF  DESCRIPTION  OF  THE  DRAWINGS :  

F igures   1  and  2  are  d i ag rammat i c   c r o s s   sect ional   views  of  t h e  

r a d i o g r a p h i c   image  c o n v e r s i o n   s c reens   of  the  p r e s e n t   i n v e n t i o n .  

F igure   3  is  a  g r a p h   i l l u s t r a t i n g   an  emiss ion  spec t rum  a c c o r d i n g  

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

F igures   4  and  5  are  g r aphs   i l l u s t r a t i n g   emission  s p e c t r a  

a c c o r d i n g   to  the  r a d i o g r a p h i c   image  c o n v e r s i o n   s c r e e n s   of  the  p r e s e n t  

i n v e n t i o n .  

F igures   6  and  7  are  g r aphs   i l l u s t r a t i n g   the  re la t ive   speed  a n d  

r e l a t i v e   s h a r p n e s s ,   r e s p e c t i v e l y ,   d e p e n d e n t   on  the  p ropo r t i on   of  t h e  

blue  emi t t i ng   p h o s p h o r   in  the  r a d i o g r a p h i c   image  conve r s ion   s c r e e n s   o f  

the  p r e s e n t   i n v e n t i o n .  

F igure   8  is  a  g r a p h   i l l u s t r a t i n g   the  r e l a t i ve   speeds   of  t h e  

r a d i o g r a p h i c   image  c o n v e r s i o n   s c r eens   of  the  p r e s e n t   i nven t ion   and  t h e  

c o n v e n t i o n a l   r a d i o g r a p h i c   image  c o n v e r s i o n   s c r e e n ,   d e p e n d e n t   on  t h e  

X - r a y   t ube   v o l t a g e .  

DETAILED  DESCRIPTION  OF  THE  PREFERRED  EMBODIMENTS: 

Now,  the  p r e s e n t   i n v e n t i o n   will  be  d e s c r i b e d   in  d e t a i l .  

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

i n v e n t i o n   can  be  p r e p a r e d   in  the  following  m a n n e r .  

F i r s t ly ,   su i t ab le   amounts   of  the  blue  emi t t ing   p h o s p h o r   and  a  

b i n d e r   r es in   such  as  n i t r o c e l l u l o s e '  a r e   mixed,   and  a  sui table   amount  of  a  

so lven t   is  added  to  the  mix tu re   to  obta in   a  c o a t i n g   d i spe r s i on   of  t h e  

p h o s p h o r   having   an  optimum  v i scos i ty .   The  c o a t i n g   d i spe r s ion   of  t h e  

p h o s p h o r   is  applied  onto  a  s u p p o r t   made  of  e . g .   pape r   or  plast ic  b y  

means  of  a  doctor   b lade ,   roll  coater   or  knife   c o a t e r .   In  some  i n t e n s i f y i n g  



s c r e e n s ,   a  r e f l e c t i v e   layer   such  as  a  white  p igment   l a y e r ,   an  a b s o r p t i v e  

layer   such  as  a  black  p igment   layer  or  a  metal  foil  l ayer   is  i n t e r p o s e d  

be tween   the  f l u o r e s c e n t   layer   and  the  s u p p o r t .   L ikewise ,   when  t h e  

r a d i o g r a p h i c   image  c o n v e r s i o n   sc reen   of  the  p r e s e n t   i n v e n t i o n   is  to  b e  

used  as  an  i n t e n s i f y i n g   s c r e e n ,   a  r e f l ec t ive   l aye r ,   an  a b s o r p t i v e   layer   or  a  

meta l   f o i l   l a y e r   maybe  p re l imina r i ly   formed  on  a  s u p p o r t   and  then  a  b l u e  

emi t t ing   p h o s p h o r   layer   may  be  formed  t h e r e o n   in  the  above  m e n t i o n e d  

manne r .   T h e n ,   a  coat ing  d i s p e r s i o n   compr i s ing   a  g reen   emit t ing  r a r e  

ear th   p h o s p h o r   and  a  b i n d e r   res in   such  as  n i t r o c e l l u l o s e ,   is  p r e p a r e d  

in  the  same  manner   as  d e s c r i b e d   above,   and  the  coa t ing   d i s p e r s i o n   t h u s  

p r e p a r e d   is  appl ied  onto  the  blue  emi t t ing   p h o s p h o r   l ayer   to  form  a  

f l u o r e s c e n t   layer   composed  e s sen t i a l l y   of  the  g reen   emi t t ing   rare  e a r t h  

p h o s p h o r .   The  s u p p o r t   thus   coated  with  the  two  p h o s p h o r   l ayers   c a p a b l e  

of  emi t t ing   l igh ts   of  d i f f e r e n t   co lours ,   is  then  s u b j e c t e d   to  d r y i n g   t o  

obta in   a  r a d i o g r a p h i c   image  c o n v e r s i o n   s c reen   of  the  p r e s e n t   i n v e n t i o n .  

In  most  c a se s ,   r a d i o g r a p h i c   image  conve r s ion   s c r e e n s   are  usual ly   p r o v i d e d  

with  a  t r a n s p a r e n t   p r o t e c t i v e   layer   on  the  f l u o r e s c e n t   l ayer .   It  i s  

p r e f e r r e d   also  in  the  r a d i o g r a p h i c   image  c o n v e r s i o n   s c r e e n s   of  the  p r e s e n t  

i n v e n t i o n   to  p rov ide   a  t r a n s p a r e n t   p r o t e c t i v e   layer   on  the  f l u o r e s c e n t  

layer   composed   e s sen t i a l ly   of  the  green   emi t t ing   p h o s p h o r .  

In  a  case  where  the  g reen   emi t t ing   rare   ea r th   p h o s p h o r   to  b e  

used  has  a  mean  grain  size  or  specif ic   g r av i t y   s u b s t a n t i a l l y   g r e a t e r   t h a n  

the  mean  gra in   size  or  specif ic   g r av i ty   of  the  blue  emi t t ing   p h o s p h o r   to  

be  u s e d ,   the  p rocess   may  a d v a n t a g e o u s l y   be  modified  in  such  a  m a n n e r  

that  f i r s t l y   a  p r o t e c t i v e   layer  is  formed  on  a  flat  s u b s t r a t e   such  as  a  g l a s s  

plate  or  a  p las t ic   shee t ,   and  then  a  coat ing  d i s p e r s i o n   composed  of  a 

mix ture   c o m p r i s i n g   the  green  emit t ing  rare  ea r th   p h o s p h o r ,   the  b l u e  

emit t ing  p h o s p h o r   and  a  b inder   r es in ,   is  coated  on  the  p ro t ec t ive   l a y e r  

and  g r a d u a l l y   dried  at  room  t e m p e r a t u r e   while  c o n t r o l l i n g   the  a m b i e n t  



a t m o s p h e r e .   D u r i n g   this  s tep  of  d r y i n g   the  coat ing  d i s p e r s i o n ,   t h e  

g r e e n   emit t ing  rare   ea r th   p h o s p h o r   g r a i n s   hav ing   a  g r e a t e r   mean  g r a i n  

size  or  specific  g r av i ty   will  set t le   to  form  an  u n d e r   l ayer   while  the  b l u e  

emi t t ing   p h o s p h o r   gra ins   h a v i n g   a  smal ler   mean  grain  size  or  s p e c i f i c  

g r a v i t y   are  pushed   u p w a r d l y   to  form  a  top  l aye r ,   w h e r e b y   two  s e p a r a t e  

f l u o r e s c e n t   l aye r s ,   i . e .   a  top  layer   composed   e s sen t i a l l y   of  the  b l u e  

emi t t i ng   p h o s p h o r   and  an  u n d e r   l ayer   composed   e s sen t i a l l y   of  the  g r e e n  

emi t t ing   rare   ea r th   p h o s p h o r ,   are  o b t a i n a b l e .   Then ,   the  i n t e g r a l l y  

formed  p r o t e c t i v e   and  f l u o r e s c e n t   l aye r s   are  peeled  -off  from  the  s u b s t r a t e ,  

and  placed  on  a  s u p p o r t   so  tha t   the  top  l ayer   composed  e s sen t i a l ly   of  t h e  

b lue   emit t ing  p h o s p h o r   is  b r o u g h t   in  con t ac t   with  and  fixed  to  the  s u p p o r t ,  

w h e r e b y   a  r a d i o g r a p h i c   image  c o n v e r s i o n   s c r e e n   of  the  p r e s e n t   i n v e n t i o n ,  

is  ob t a inab l e .   In  this  case ,   the  s e p a r a t i o n   be tween   the  green   e m i t t i n g  

r a r e   ea r th   p h o s p h o r   g ra ins   and  the  blue  emi t t ing   p h o s p h o r   grains   m a y  

not  be  complete ,   i . e .   a  c e r t a in   minor  amount   of  the  g reen   emit t ing  r a r e  

e a r t h   p h o s p h o r   gra ins   may  be  p r e s e n t   in  the  f l u o r e s c e n t   layer   c o m p o s e d  

e s s e n t i a l l y   of  the  blue  emi t t ing   p h o s p h o r   and  l ikewise  a  ce r t a in   m i n o r  

amount   of  the  blue  emi t t ing   p h o s p h o r   g r a i n s   may  be  p r e s e n t   in  t h e  

f l u o r e s c e n t   layer   composed  e s s e n t i a l l y   of  the  g reen   emi t t ing   r a re   e a r t h  

p h o s p h o r .   It  has  been  conf i rmed   tha t   so  long  as  the  f i r s t   f l u o r e s c e n t  

l a y e r ,   i . e .   the  layer   ad jacen t   to  the  s u p p o r t ,   is  composed  e s sen t i a l l y   o f  

the   blue  emit t ing  p h o s p h o r   and  the  s e c o n d   f l u o r e s c e n t   l aye r ,   i .e .   t h e  

l a y e r   on  the  su r f ace   side  ( i . e .   the  emiss ion  o u t p u t   side)  is  c o m p o s e d  

e s s e n t i a l l y   of  the  green   emi t t ing   r a re   e a r t h   p h o s p h o r ,   the  r a d i o g r a p h i c  

image  c o n v e r s i o n   s c reen   t h e r e b y   o b t a i n a b l e   has  c h a r a c t e r i s t i c s   s u b s t a n t i a l l y  

equa l   to  the  c h a r a c t e r i s t i c s   of  the  above  ment ioned   r a d i o g r a p h i c   i m a g e  

c o n v e r s i o n   sc reen   ob ta ined   by  s e p a r a t e l y   coa t ing   the  blue  e m i t t i n g  

p h o s p h o r   layer  and  the  g reen   emi t t ing   r a r e   ea r th   layer   on  the  s u p p o r t .  



Figu re   1  shows  a  d i ag rammat i c   cross   sect ional   view  of  a  

r a d i o g r a p h i c   image  convers ion   s c r e e n   of  the  p r e s e n t   i nven t ion   p r e p a r e d   i n  

the  above  ment ioned   manners .   A  f i rs t   f l u o r e s c e n t   layer   12  c o n s i s t i n g  

e s sen t i a l l y   of  a  blue  emitt ing  p h o s p h o r   is  p rov ided   on  a  s u p p o r t   11,  a n d  

a  second  f l u o r e s c e n t   layer  13  c o n s i s t i n g   e s s e n t i a l l y   of  a  green  e m i t t i n g  

rare   ea r th   p h o s p h o r   is  formed  on  the  f irst   f l u o r e s c e n t   layer   12. 

R e f e r e n c e   numera l   14  de s igna t e s   a  t r a n s p a r e n t   p r o t e c t i v e   layer   formed  o n  

the  s u r f a c e   of  the  second  f l u o r e s c e n t   layer   13. 

F u r t h e r ,   the  blue  emi t t ing   p h o s p h o r   layer   of  the  r a d i o g r a p h i c  

image  c o n v e r s i o n   sc reen   of  the  p r e s e n t   i n v e n t i o n   may  be  formed  in  s u c h  

a  manner   tha t   f i r s t ly   the  blue  emi t t ing   p h o s p h o r   gra ins   are  c lass i f ied   i n t o  

a  p lu r a l i t y   of  g roups   having   d i f f e r e n t   mean  grain  sizes  by  means  of  a  

p r o p e r   p h o s p h o r   grain  separa t ion   means  such  as  l ev iga t ion ,   and  the  g r o u p s  

of  the  p h o s p h o r   grains   thus  c lass i f ied   are  r e s p e c t i v e l y   d i s p e r s e d   in  a  

p r o p e r   b i n d e r   res in   and  s e q u e n t i a l l y   appl ied  onto  the  s u p p o r t   and  d r i e d  

so  that  the  p h o s p h o r   grains  h a v i n g   a  smaller  mean  gra ins   are  c o a t e d  

f i r s t ,   w h e r e b y   the  blue  emit t ing  p h o s p h o r   layer   is  formed  to  have  a  

grain  size  d i s t r i b u t i o n   of  the  p h o s p h o r   grains   such  that   the  grain  s i z e  

becomes  smaller   g radua l ly   from  the  side  facing  the  green   emi t t ing   r a r e  

ear th   p h o s p h o r   layer   to  the  side  fac ing   the  s u p p o r t .  

F igure   2  shows  a  d i ag rammat i c   cross  sect ional   view  of  a  

r a d i o g r a p h i c   image  convers ion   s c r e e n   of  the  p r e s e n t   i nven t ion   p r e p a r e d  

in  the  above  ment ioned  manner .   A  f irst   f l u o r e s c e n t   layer  22  c o m p o s e d  

e s sen t i a l ly   of  a  blue  emitt ing  p h o s p h o r ,   a  second  f l uo re scen t   layer   23 

composed  e s sen t i a l l y   of  a  green  emi t t ing   rare   ea r th   p h o s p h o r   and  a  

t r a n s p a r e n t   p r o t e c t i v e   layer  24  are  laminated  in  this  o rde r   on  a  s u p p o r t   21. 

The  blue  emi t t ing   p h o s p h o r   gra ins   in  the  f irst   layer  22  are  a r r a n g e d   i n  

such  a  manner   that  the  p h o s p h o r   grain  size  becomes  smaller  g r a d u a l l y  

from  the  side  facing  the  green  emi t t ing   p h o s p h o r   layer  23  toward  the  s i d e  



facing  the  s u p p o r t   21.  Such  a  r a d i o g r a p h i c   image  c o n v e r s i o n   s c r e e n  

p r o v i d e s   s u b s t a n t i a l l y   improved   s h a r p n e s s   over  the  r a d i o g r a p h i c   i m a g e  

c o n v e r s i o n   s c r een   i l l u s t r a t e d   in  F igure   1. 

The  g reen   emi t t ing   ra re   ear th   p h o s p h o r s   which  may  be  u s e d  

in  the  r a d i o g r a p h i c   image  c o n v e r s i o n   s c r eens   of  the  p r e s e n t   i n v e n t i o n ,  

include  a  p h o s p h o r   composed  of  a  t e r b i u m - a c t i v a t e d   r a re   ea r th   o x y s u l f i d e  

of  at  least   one  r a r e   ea r th   element  se lec ted   from  y t t r i u m ,   l a n t h a n u m ,  

gadolinium  and  lu t e t ium,   a  p h o s p h o r   composed  of  an  o x y h a l i d e   of  the  a b o v e  

rare   ear th   e lements   ( p r o v i d e d   that   the  p h o s p h o r   con ta ins   at  least  0.01  mole 

of  t e rb ium  per   mole  of  the  p h o s p h o r ) ,   a  p h o s p h o r   composed  of  a  bora te   o f  

the  above  r a re   e a r t h   e l ements ,   a  p h o s p h o r   composed  of  a  p h o s p h a t e   of  t h e  

above  r a re   ea r th   e lements   and  a  p h o s p h o r   composed  of  a  t an t a l a t e   of  t h e  

above  r a re   e a r t h   e l emen t s .   T h u s ,   the  g reen   emi t t ing   r a re   ea r th   p h o s p h o r s  

contain  at  least   one  l a n t h a n i d e   element  or  y t t r i um  as  the  host  m a t e r i a l  

of  the  p h o s p h o r s   and  are  capable   of  emit t ing  g reen   l ight   with  h i g h  

ef f ic iency  when  exc i ted   by  the  X - r a y s .   P a r t i c u l a r l y   p r e f e r r e d   among  t h e m  

in  view  of  the  emiss ion  e f f ic iency   and  g r a n u l a r i t y ,   are  a  t e rb ium  a c t i v a t e d  

or  t e r b i u m - t h u l i u m   a c t i v a t e d   ra re   ea r th   o x y s u l f i d e   p h o s p h o r   r e p r e s e n t e d  

by  the  formula   ( L N 1 - a - b ,   Tba ,   Tmb)202S   where   Ln  is  at  least   one  s e l e c t e d  

from  l a n t h a n u m ,   gadol in ium  and  lu te t ium,   and  a  and  b  are  n u m b e r s  

meeting  the  cond i t i ons   of  0.0005 @  a  @0.09  and  0  s   b  @0.01,  r e s p e c t i v e l y ,  

and  a  t e rb ium  a c t i v a t e d   or  t e r b i u m - t h u l i u m   ac t iva t ed   ra re   ea r th   o x y s u l f i d e  

p h o s p h o r   r e p r e s e n t e d   by  the  formula  ( Y 1 - i - a - b ,   Ln.,  T b   T m b ) 2 O 2 S  

where  Ln  is  at  least   one  se lec ted   from  l a n t h a n u m ,   gadol inium  and  l u t e t i u m ,  

and  i,  a  and  b  are  n u m b e r s   meeting  the  condi t ions   of  0.65 @  i  @0.95, 

0.0005 @  a  @0.09  and  0 <  b  @0.01. 

Any  blue  emi t t ing   p h o s p h o r   may  be  used   for  the  r a d i o g r a p h i c  

image  c o n v e r s i o n   s c r e e n s   of  the  p r e s e n t   i n v e n t i o n   so  long  as  it  is  a  



p h o s p h o r   capable   of  emit t ing  blue  light  with  high  eff ic iency  when  e x c i t e d  

by  r ad ia t ion   such  as  X- ray   r ad ia t ion .   In  p r a c t i c e ,   howeve r ,   in  view  of  t h e  

speed  of  the  ob ta inab le   r a d i o g r a p h i c   image  c o n v e r s i o n   sc reen   and  t h e  

s h a r p n e s s   of  the  image  t h e r e b y   o b t a i n a b l e ,   it  is  p r e f e r r e d   to  use  at  l e a s t  

one  se lec ted   from  the  group  c o n s i s t i n g   of  a  y t t r ium  or  y t t r i u m - g a d o l i n i u m  

o x y s u l f i d e   p h o s p h o r   r e p r e s e n t e d   by  the  formula  ( Y 1 - c - d - e ,   Gdc,  T b d ,  

Tme)2O2S  where   e,  d  and  e  are  n u m b e r s   mee t ing   the  condi t ions   o f  

0 @  c  @0.60,  0.0005 @  d  @0.02  and  0 @  e  @0.01,  r e s p e c t i v e l y ;   an  a l k a l i n e  

ea r th   metal  complex  halide  p h o s p h o r   r e p r e s e n t e d   by  the  f o r m u l a  

MeF2 ·  pMe'X2 ·  qKX'  .   rMe"SO4 :  mEu2+,  nTb3+  where  Me  is  at  least  o n e  

se lec ted   from  magnes ium,   calcium,  s t ron t ium  and  bar ium,   each  of  Me'  a n d  

Me"  is  at  least   one  se lec ted   from  calcium,  s t ron t ium  and  bar ium,   each  o f  

X  and  X'  is  at  least  one  se lec ted   from  ch lo r ine   and  bromine ,   and  p,  q,  r ,  

m  and  n  are  n u m b e r s   meeting  the  cond i t ions   of  0.80 @  p  @1.5,  0 @  q  @2.0,  

0 @  r  @1.0,  0.001 @  m  @0.10  and  0 @  n  @0.05,  r e s p e c t i v e l y ;   a  ra re   e a r t h  

oxyha l ide   p h o s p h o r   r e p r e s e n t e d   by  the  formula  ( L n ' 1 - x - y - z ,   Tbx ,   T m y  

Ybz)OX  where   Ln'  is  at  least  one  se lec ted   from  lan thanum  and  g a d o l i n i u m ,  

X  is  at  least  one  se lec ted   from  chlor ine   and  b romine ,   and  x,  y  and  z  a r e  

n u m b e r s   meet ing  the  condi t ions   of  0 <  x  @0.01,  0 @  y  @0.01,  0 @  z  @0.005 

and  0  <  x  +  y;  a  d ivalent   metal  t u n g s t a t e   p h o s p h o r   r e p r e s e n t e d   by  t h e  

fromula  MIIWO4  w h e r e   MII  is  at  least  one  se lec ted   from  m a g n e s i u m ,  

calcium,  zinc  and  cadmium;  a  zinc  sul f ide   or  z inc-cadmium  sulf ide  p h o s p h o r  

r e p r e s e n t e d   by  the  formula  (Zn1-j ,   C d . ) S : A g   where  j   is  a  number   m e e t i n g  

the  condi t ion   of  0 @ j  @ 0.4;  and  a  r a re   ea r th   t an ta l a t e   or  t a n t a l u m -  

niobate   p h o s p h o r   r e p r e s e n t e d   by  the  f o r m u l a ( L n " 1 - v ,   Tmv)  (Ta1-w,   N b w ) O 4  

where   Ln"  is  at  least  one  se lec ted   from  l a n t h a n u m ,   y t t r i um,   gado l in ium 

and  lu te t ium,   and  v  and  w  are  number s   meet ing   the  condi t ions   o f  

0 @  v  @0.1  and  0 <  w  @0.3,  r e s p e c t i v e l y .  



In  the  r a d i o g r a p h i c   image  c o n v e r s i o n   s c r e e n s   of  the  p r e s e n t  

i n v e n t i o n ,   in  view  of  the  speed   of  the  ob t a inab le   r a d i o g r a p h i c   image  

c o n v e r s i o n   s c r een   and  the  s h a r p n e s s   of  the  image  t h e r e b y   ob ta inable ,   t h e  

p h o s p h o r   to  be  used  for  the  blue  emit t ing  p h o s p h o r   l a y e r ,   p r e f e r a b l y   h a s  

a  mean  g ra in   size  of  from  2  to  1011,  more  p r e f e r a b l y   from  3  to  6µ,  a n d  

a  s t a n d a r d   dev ia t ion   of  from  0.20  to  0.50,  more  p r e f e r a b l y   from  0.30  t o  

0.45,  as  r e p r e s e n t e d   by  the  quar t i l e   dev ia t ion ,   and  the  p h o s p h o r   to  b e  

used   for  the  g reen   emi t t ing   p h o s p h o r   layer   p r e f e r a b l y   has  a  mean  g r a i n  

size  of  from  5  to  20µ,  more  p r e f e r a b l y   from  6  to  12µ  and  a  s t a n d a r d  

dev i a t i on   of  from  0.15  to  0.40,  more  p r e f e r a b l y   from  0.20  to  0.35,  a s  

r e p r e s e n t e d   by  the  qua r t i l e   dev ia t ion .   Likewise  in  view  of  the  speed  of  t h e  

o b t a i n a b l e   r a d i o g r a p h i c   image  conve r s ion   s c reen   and  the  s h a r p n e s s   of  t h e  

image  t h e r e b y   o b t a i n a b l e ,   the  coat ing  weight  of  the  p h o s p h o r   in  the  b l u e  

emi t t i ng   p h o s p h o r   layer   and  the  coat ing  weight   of  the  p h o s p h o r   in  the  g r e e n  

emi t t ing   p h o s p h o r   layer   are  p r e f e r a b l y   from  2  to  100  m g / c m   and  from  5  to  

2  2 
100  mg/cm2,   r e s p e c t i v e l y   and  more  p r e f e r a b l y   from  3  to  50  m g / c m   and  f rom 

20  to  80  mg /cm2 ,   r e s p e c t i v e l y .   In  view  of  the  s h a r p n e s s   of  the  i m a g e  

o b t a i n a b l e ,   it  is  p r e f e r r e d   that   the  mean  grain  size  of  the  p h o s p h o r   g r a i n s  

in  the  blue  emi t t ing   p h o s p h o r   layer   is  smaller  than   the  mean  grain  size  o f  

the  p h o s p h o r   gra ins   in  the  green   emit t ing  r a re   ea r th   p h o s p h o r   l a y e r .  

F i g u r e   3  shows  an  emission  spec t rum  a c c o r d i n g   to  a   c o n v e n t i o n a l  

r a d i o g r a p h i c   image  c o n v e r s i o n   s c reen   compr i s ing   a  s ingle   f l uo re scen t   l a y e r  

composed   solely  of  (Gd0 .995 ,   Tb0 .005)2O2S  p h o s p h o r   as  one  of  g r e e n  

emi t t ing   r a r e   ea r th   p h o s p h o r s .   F igures   4  and  5  show  emiss ion   s p e c t r a  

o b t a i n e d   by  the  r a d i o g r a p h i c   image  conve r s ion   s c r e e n s   of  the  p r e s e n t  

i n v e n t i o n .   In  the  r a d i o g r a p h i c   image  c o n v e r s i o n   s c r e e n   i l l u s t r a t ed   i n  

F i g u r e   4,  the  blue  emi t t ing   p h o s p h o r   layer   (the  coa t ing   weight  of  t h e  

p h o s p h o r :   20  mg/cm2)  is  composed  of  (Y0.998,   T b 0 . 0 0 2 ) 2 O 2 S   p h o s p h o r  



and  the  g r een   emit t ing  p h o s p h o r   layer   ( the  coa t ing   weight   of  t h e  

p h o s p h o r :   30  mg/cm2)  is  composed  of  (GdO.  995,  T b 0 . 0 5 ) 2 O 2 S   p h o s p h o r .  

Whereas ,   in  the  r a d i o g r a p h i c   image  c o n v e r s i o n   s c r e e n   i l l u s t r a t e d   i n  

F igure   5,  the  blue  emit t ing  p h o s p h o r   layer  ( the  coa t ing   weight  of  t h e  

p h o s p h o r :   15  mg/cm2)  is  composed  of  BaF2 ·  BaCl2 ·   0.1  KCl ·  0.1  B a S 0 4 :  

0.06  Eu 2+  p h o s p h o r ,   and  the  g reen   emi t t ing   p h o s p h o r   layer  (the  c o a t i n g  

weight   of  the  p h o s p h o r :   35  mg/cm2)  is  composed  of  (Gd0 .995 ,   T b 0 . 0 0 5 ) 2 O 2 S  

p h o s p h o r .   In  each  of  F igu re s   3  to  5,  the  b r o k e n   line  and  the  a l t e r n a t e  

long  and  shor t   dash  line  i nd ica te   a  s p e c t r a l   s e n s i t i v i t y   curve   of  an  o r t h o -  

type   film  and  a  spec t ra l   s e n s i t i v i t y   curve   of  an  image  t ube ,   r e s p e c t i v e l y .  

It  is  a p p a r e n t   from  the  compar i son   of  F igure   3  with  F igure   4  or  5,  t h a t  

the  r a d i o g r a p h i c   image  c o n v e r s i o n   sc reen   of  the  p r e s e n t   i nven t ion   has  a  

wide  emiss ion  d i s t r i b u t i o n   r a n g i n g   from  the  g reen   r eg ion   to  the  b l u e  

region  or  the  near  u l t r av io le t   region  and  b e t t e r   ma tches   the  s p e c t r a l  

s e n s i t i v i t i e s   of  the  o r t h o - t y p e   film  and  the  p h o t o c a t h o d e   of  the  image  t u b e  

than   the  conven t iona l   r a d i o g r a p h i c   image  c o n v e r s i o n   s c r een   compr i s ing   a  

single  f l u o r e s c e n t   layer  composed  solely  of  the  g r e e n   emit t ing  rare  e a r t h  

p h o s p h o r ,   and  it  is  a d v a n t a g e o u s   p a r t i c u l a r l y   in  view  of  its  high  s p e e d .  

F igure   6  i l l u s t r a t e s   a  re lat ion  be tween   the  ratio  ( r e p r e s e n t e d  

by  p e r c e n t a g e )   of  the  coat ing  weight  of  the  p h o s p h o r   in  the  blue  e m i t t i n g  

p h o s p h o r   layer   to  the  coa t ing   weight  of  the  total  p h o s p h o r   in  t h e  

en t i re   f l u o r e s c e n t   layers   in  the  r a d i o g r a p h i c   image  c o n v e r s i o n   s c reens   o f  

the  i n v e n t i o n   and  the  speed  of  the  r a d i o g r a p h i c   image  conve r s ion   s c r e e n s  

t h e r e b y   ob t a ined .   The  re la t ive   speed  on  the  ve r t i c a l   axis  i n d i c a t e s  

the  speed  ob ta ined   in  combinat ion  with  an  o r t h o - t y p e   film,  in  a  r e l a t i v e  

value  based   on  the  speed  of  the  sc reen   hav ing   no  blue  emitt ing  p h o s p h o r  

layer   ( i . e .   compr is ing   only  the  green   emit t ing  ra re   ea r th   p h o s p h o r   l a y e r )  

where  the  la t te r   speed  is  set  to  be  100.  The  c u r v e s   a,  b,  c,  d,  e  and  f  



r e p r e s e n t   the  cases  where   the  blue  emit t ing  p h o s p h o r   layer   is  composed  o f  

(Y0.998,   T b 0 . 0 0 2 ) 2 O s S   p h o s p h o r ,   ( G d 0 . 5 ,  Y 0 . 4 9 5 ,   T b 0 . 0 0 3 ,   T m 0 . 0 0 2 ) 2 O 2 S  

p h o s p h o r ,   B a F 2 .   BaCl2 ·   0.1  KCl ·  0.1  BaSO4:  0.06  Eu2+  p h o s p h o r ,  

(La0 .997 ,   T b 0 , 0 0 3 ) O B r   p h o s p h o r ,   C d W O 4  p h o s p h o r ,   and  CaWO4  p h o s p h o r ,  

r e s p e c t i v e l y .   In  each  case ,   the  total   coat ing  weight  of  the  f l u o r e s c e n t  

layers   is  50  mg/cm 2,  and  the  g r e e n   emit t ing  rare   ea r th   p h o s p h o r   l a y e r  

is  composed  of  (Gd0 .995 ,   T b 0 · 0 0 5 ) 2 O 2 S   p h o s p h o r .  

It  is  a p p a r e n t   from  F igure   6  that  the  optimum  ratio  of  t h e  

coat ing  weight   of  the  blue  emi t t ing   p h o s p h o r   layer   to  the  total   coat ing  w e i g h t  

of  the  p h o s p h o r s   var ies   d e p e n d i n g   upon  the  type  of  the  blue  e m i t t i n g  

p h o s p h o r   used.   However ,   by  p r o v i d i n g   a  blue  emi t t ing   p h o s p h o r   l a y e r  

b e n e a t h   the  green  emi t t ing   p h o s p h o r   layer   composed  of  (Gd,  T b ) 2 O 2 S  

p h o s p h o r ,   it  is  poss ib le   to  ob ta in   a  r a d i o g r a p h i c   image  c o n v e r s i o n   s c r e e n  

hav ing   a  speed  at  least  equal   to  the  speed  of  the  c o n v e n t i o n a l   r a d i o g r a p h i c  

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

solely  of  (Gd,  Tb)2O2S  p h o s p h o r   ( i .e .   compr i s ing   only  the  g reen   e m i t t i n g  

p h o s p h o r   l a y e r ) .  

F igu re   7  i l l u s t r a t e s   a  re la t ion  be tween  the  ratio  ( r e p r e s e n t e d  

by  p e r c e n t a g e )   of  the  coa t ing   weight   of  the  p h o s p h o r   in  the  blue  e m i t t i n g  

p h o s p h o r   layer  to  the  total  coa t ing   weight  of  the  p h o s p h o r s   in  the  e n t i r e  

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

p r e s e n t   i n v e n t i o n   and  the  s h a r p n e s s   of  the  r a d i o g r a p h i c   image  c o n v e r s i o n  

sc r een .   In  F igure   7,  c u r v e s   a,  b,  c,  d,  e  and  f  r e p r e s e n t   the  c a s e s  

where  the  blue  emit t ing  p h o s p h o r   layer   is  composed  of  (Y0·998,   T b 0 . 0 0 2 ) 2   2 

O2S  p h o s p h o r ,   (Gd0 .5 ,   Y0.495,   T b 0 . 0 0 3 ,   Tm0.002)2O2S  p h o s p h o r ,  

BaF2 ·  BaCl2 ·   0.  1 KCl ·  0.  1  BaSO4:   0.06  Eu2+  p h o s p h o r ,   ( L a 0 . 9 9 7 ,  

T b 0 . 0 0 3 ) O B r   p h o s p h o r ,   CdWO4  p h o s p h o r   and  CaWO4  p h o s p h o r ,   r e s p e c t i v e l y .  



In  each  case ,   the  total  coa t ing   we igh t   of  the  f l u o r e s c e n t   l ayers   i s  

50  m g / c m 2  a n d   the  g reen   emi t t ing   r a re   ea r th   p h o s p h o r   layer   is  c o m p o s e d  

of  ( G d 0 .  995,  Tb0 ,005 )2O2S   p h o s p h o r .   The  s h a r p n e s s   of  each  r a d i o g r a p h i c  

image  c o n v e r s i o n   sc reen   is  d e t e r m i n e d   by  o b t a i n i n g   a  MTF  value  at  a  film 

dens i ty   of  1.5  and  spat ial   f r e q u e n c y   of  2  l ines /mm,   and  the  MTF  value  i s  

i nd ica t ed   in  a  re la t ive   value  based   on  the  MTF  value  of  the  r a d i o g r a p h i c  

image  c o n v e r s i o n   sc reen   h a v i n g   no  blue  emi t t ing   p h o s p h o r   layer   ( i .  e .  

compr i s ing   only  the  green   emi t t ing   r a re   ea r th   p h o s p h o r   layer)   where   t h e  

la t te r   MTF  value  is  set  to  be  100.  

It  is  a p p a r e n t   from  F i g u r e   7  that   the  r a d i o g r a p h i c   c o n v e r s i o n  

sc reens   of  the  p r e s e n t   i n v e n t i o n   p r o v i d e d   with  a  blue  emit t ing  p h o s p h o r  

layer  b e n e a t h   the  g reen   emi t t ing   p h o s p h o r   layer   have  improved   s h a r p n e s s  

over  the  conven t iona l   s c r een   h a v i n g   no  such  a  blue  emit t ing  p h o s p h o r  

l a y e r .  

F igure   8  is  a  g r a p h   i l l u s t r a t i n g   the  d e p e n d e n c y   of  the  s p e e d s  

of  the  r a d i o g r a p h i c   image  c o n v e r s i o n   s c r e e n s   of  the  p r e s e n t   i n v e n t i o n   a n d  

the  conven t iona l   r a d i o g r a p h i c   image  c o n v e r s i o n   s c r een ,   on  the  X - r a y   t u b e  

vol tage .   In  F igure   8,  c u r v e s   a,  b,  c,  d  and  e  r e p r e s e n t   the  speeds   o f  

the  r a d i o g r a p h i c   image  c o n v e r s i o n   s c r e e n s   of  the  p r e s e n t   i n v e n t i o n   i n  

which  the  blue  emit t ing  p h o s p h o r   l ayer   is  composed  of  (Y0,998,   T b 0 . 0 0 2 ) 2 O 2 S  

p h o s p h o r ,   BaF2 ·  BaCl2 ·   0.1  KCl ·  0.1  BaSO4:  0.06  Eu 2+  p h o s p h o r ,  

(LaO.  997,  T b 0 . 0 0 3 ) O B r   p h o s p h o r ,   C d W O 4  p h o s p h o r   and  CaWO4  p h o s p h o r ,  

r e s p e c t i v e l y ,   and  the  green  emi t t ing   p h o s p h o r   layer   is  (Gd0.995 ,   T b 0 . 0 0 5 ) 2  

02S  p h o s p h o r   in  each  case.  In  each  case,   the  coat ing  weight   of  t h e  

green  emit t ing  p h o s p h o r   is  30  m g / c m   and  the  coat ing  weight  of  the  b l u e  

emitt ing  p h o s p h o r   is  20  mg/cm2.   Curve   f  r e p r e s e n t s   the  speed  of  t h e  

conven t iona l   r a d i o g r a p h i c   image  c o n v e r s i o n   sc reen   wherein  the  f l u o r e s c e n t  

layer  is  composed  solely  of  ( G d 0 . 9 9 5 ,   T b 0 , 0 0 5 ) 2 O 2 S   and  the  coa t ing   w e i g h t  



of  the  p h o s p h o r   is  50  mg/cm2.   The  ver t ica l   axis  of  F igu re   8  i n d i c a t e s  

the  speed   o b t a i n e d   by  a  combinat ion   of  each  r a d i o g r a p h i c   image  c o n v e r s i o n  

s c r e e n   with  an  o r t h o - t y p e   film,  as  a  re la t ive   value  aga ins t   the  speed  of  t h e  

r a d i o g r a p h i c   c o n v e r s i o n   s c reen   compr i s ing   a  s ingle  f l u o r e s c e n t   layer  o f  

CaWO4  p h o s p h o r   (as  combined  with  a  r e g u l a r - t y p e   film).  The  r e l a t i v e  

value  is  s p o t t e d   for  eve ry   X- ray   tube   v o l t a g e .  

It  is  seen  from  F igure   8  that   in  the  r a d i o g r a p h i c   i m a g e  

c o n v e r s i o n   s c r e e n s   of  the  p r e s e n t   i n v e n t i o n ,   the  change   of  the  speed  d u e  

to  the  v a r i a t i o n   of  the  X- ray   tube   vol tage  is  less  as  compared   with  t h e  

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

f l u o r e s c e n t   l ayer   composed   of  (Gd,  Tb)2O2S  p h o s p h o r ,   within  the  X - r a y  

tube   vo l tage   r a n g e   of  from  60  to  140  KVp  which  is  commonly  used  in  t h e  

r a d i o g r a p h y   for  medical  d i a g n o s i s .  

F u r t h e r ,   it  has  been  conf i rmed  that   when  g r een   emitt ing  r a r e  

ea r th   p h o s p h o r s   o t h e r   than   (Gd  0.995,  Tb  0.005)2O2S  are  used   for  t h e  

g reen   emi t t i ng   p h o s p h o r   l ayer ,   or  when  blue  emi t t ing   p h o s p h o r s   o t h e r  

than   (Y0 .998 ,   T b 0 . 0 0 2 ) 2 O 2 S   p h o s p h o r ,   BaF2 ·  BaCl2 ·   0.1  K C l   0.1  B a S O 4 :  

0. 06  Eu2+  p h o s p h o r ,   (La0 .  497,  T b 0 , 0 0 3 ) O B r   p h o s p h o r ,   CdWO4  p h o s p h o r  

and  CaWO4  p h o s p h o r   are  used  for  the  blue  emi t t ing   p h o s p h o r   layer ,   t h e  

r a d i o g r a p h i c   image  c o n v e r s i o n   s c r e e n s   t h e r e b y   o b t a i n a b l e   have  a  s p e e d  

at  least   equal   to  the   speed  of  the  conven t iona l   s c r e e n   c o m p r i s i n g   a  s i n g l e  

f l u o r e s c e n t   l aye r   composed   solely  of  the  green  emi t t ing   r a r e   ear th   p h o s p h o r ,  

so  long  as  the  ra t io   of  the  coa t ing   weight   of  the  p h o s p h o r   in  the  b l u e  

emi t t ing   p h o s p h o r   layer   to  the  total  coat ing  weight   of  the  ent i re   p h o s p h o r s  

falls  within  the  speci f ic   r a n g e ,   as  in  the  case  of  the  r a d i o g r a p h i c   image  

c o n v e r s i o n   s c r e e n s   i l l u s t r a t e d   in  Figure   6,  and  the  s h a r p n e s s   can  b e  

i m p r o v e d   and  the  d e p e n d e n c y   of  the  speed  on  the  X - r a y   t ube   voltage  c a n  

be  r e d u c e d   as  compared   with  the  conven t iona l   r a d i o g r a p h i c   i m a g e  



c o n v e r s i o n   sc reen   c o m p r i s i n g   a  single  f l u o r e s c e n t   l ayer   composed  s o l e l y  

of  the  green  emit t ing  r a r e   ea r th   p h o s p h o r ,   as  in  the  cases  of  t h e  

r a d i o g r a p h i c   image  c o n v e r s i o n   s c r e e n s   i l l u s t r a t e d   in  F igures   7  and  8. 

It  has  f u r t h e r   been  confi rmed  that   the  r a d i o g r a p h i c   i m a g e  

c o n v e r s i o n   s c reens   of  the  p r e s e n t   i nven t ion   p r o v i d e s   improved  c o n t r a s t  

as  compared   with  the  c o n v e n t i o n a l   r a d i o g r a p h i c   image  convers ion   s c r e e n  

c o m p r i s i n g   only  the  g r e e n   emi t t ing   rare  ea r th   p h o s p h o r   layer .   When  u s e d  

as  f l uo re scen t   s c r e e n s   for  X - r a y   te levis ion  s y s t e m s ,   they  e x h i b i t  

s u p e r i o r   c h a r a c t e r i s t i c s ,   e spec ia l ly   in  the i r   speed  and  c o n t r a s t ,   a s  

compared   with  c o n v e n t i o n a l   f l u o r e s c e n t   s c r e e n s   compr i s ing   only  the  g r e e n  

emit t ing  rare  ear th   p h o s p h o r   l a y e r .  

F u r t h e r ,   with  r e s p e c t   of  the  g r a n u l a r i t y   and  s h a r p n e s s   of  t h e  

ob ta inab le   r a d i o g r a p h i c   image  c o n v e r s i o n   s c r e e n s ,   it  has  been  c o n f i r m e d  

that   b e t t e r   c h a r a c t e r i s t i c s   are  ob ta inab le   by  p r o v i d i n g   a  p lu ra l i t y   o f  

f l u o r e s c e n t   layers   so  tha t   the  green  emit t ing  r a re   ear th   p h o s p h o r   and  t h e  

blue  emit t ing  p h o s p h o r   c o n s t i t u t e   the  r e s p e c t i v e   s e p a r a t e   f l u o r e s c e n t  

l ayers   as  in  the  r a d i o g r a p h i c   image  conver s ion   s c r e e n s   of  the  p r e s e n t  

i n v e n t i o n   r a t he r   than  s imply  mixing  the  p h o s p h o r s .  

As  ment ioned   in  the  fo rego ing ,   the  r a d i o g r a p h i c   i m a g e  

conve r s ion   sc reens   of  the  p r e s e n t   i nven t ion   have  a  speed  at  least  equal   t o  

the  speed  of  the  c o n v e n t i o n a l   r a d i o g r a p h i c   image  conve r s ion   s c r e e n s  

compr i s ing   only  a  green   emi t t ing   p h o s p h o r   l ayer   and  they  p rov ide   i m p r o v e d  

s h a r p n e s s   and  c o n t r a s t   wi thout   d e g r a d a t i o n   of  the  image  q u a l i t y ,  

p a r t i c u l a r l y   the  g r a n u l a r i t y ,   and  the i r   speed  is  less  d e p e n d e n t   on  t h e  

X- ray   tube  voltage  and  t hus   p rov ides   an  a d v a n t a g e   that  the  condi t ion   f o r  

the  opera t ion   of  r a d i o g r a p h y   can  t h e r e b y   be  s implif ied.   T h u s ,   t h e  

r a d i o g r a p h i c   image  c o n v e r s i o n   sc reens   of  the  p r e s e n t   inven t ion   have  a  

high  speed  and  p rov ide   an  image  having  s u p e r i o r   image  qua l i ty ,   a n d  



the i r   i n d u s t r i a l   va lue   is  ex t remely   h i g h .  

Now,  the  p r e s e n t   i nven t ion   will  f u r t h e r   be  d e s c r i b e d   w i t h  

r e f e r e n c e   to  E x a m p l e s .  

EXAMPLES  1  to  26: 

R a d i o g r a p h i c   image  conve r s ion   s c r e e n s   (1)  to  (26)  w e r e  

p r e p a r e d   in  the  fol lowing  manner   with  use  of  the  r e s p e c t i v e   c o m b i n a t i o n s  

of  a  g reen   emi t t ing   rare   ear th   p h o s p h o r   and  a  blue  emi t t ing   p h o s p h o r ,   as 

iden t i f i ed   in  Table   1  given  h e r e i n a f t e r .  

Eight   p a r t s   by  weight  of  the  blue  emi t t ing   p h o s p h o r   and  o n e  

part   by  weight   of  n i t r oce l l u lo se   were  mixed  with  use  of  a  so lven t   to  o b t a i n  

a  coa t ing   d i s p e r s i o n   of  the  p h o s p h o r .   This  coat ing  d i s p e r s i o n   of  t h e  

p h o s p h o r   was  u n i f o r m l y   coated  by  means  of  a  knife  coa t e r ,   on  a  

p o l y e t h y l e n e   t e r e p h t h a l a t e   s u p p o r t   p rov ided   on  its  s u r f a c e   with  a n  

a b s o r p t i v e   l aye r   of  ca rbon   black  and  hav ing   a  t h i c k n e s s   of  2501;  so  t h a t  

the  coa t ing   weight   of  the  p h o s p h o r   became  as  shown  in  Table  1  g i v e n  

h e r e i n a f t e r ,   w h e r e b y   a  blue  emit t ing  p h o s p h o r   layer   was  f o r m e d .  

T h e n ,   8  p a r t s   by  weight  of  a  green  emi t t ing   r a r e   e a r t h  

p h o s p h o r   and  one  pa r t   by  weight  of  n i t roce l lu lose   were  mixed  with  use  o f  

a  so lvent   to  ob ta in   a  coat ing  d i spe r s i on   of  the  p h o s p h o r .   This   c o a t i n g  

d i s p e r s i o n   of  the  p h o s p h o r   was  uniformly  coated  by  means  of  a  k n i f e  

coater   on  the  above  ment ioned  blue  emit t ing  p h o s p h o r   layer   so  that   t h e  

coat ing  we igh t   of  the  p h o s p h o r   became  as  shown  in  Table  1  g i v e n  

h e r e i n a f t e r ,   w h e r e b y   a  g reen   emit t ing  rare   ear th   p h o s p h o r   layer   w a s  

formed.  F u r t h e r ,   n i t roce l lu lose   was  uniformly  coated  on  the  g r e e n  

emit t ing  ra re   e a r t h   p h o s p h o r   layer   to  form  a  t r a n s p a r e n t   p r o t e c t i v e  

layer  h a v i n g   a  t h i c k n e s s   of  about  1 0 u .  



EXAMPLE  27: 

(Y0.998,   Tb0 .002 )2O2S   p h o s p h o r   h a v i n g  a   mean  grain  s i z e  

of  5µ  and  a  s t a n d a r d   dev ia t ion   ( i .e .   qua r t i l e   devia t ion)   of  0.35  w a s  

p re l imina r i l y   c lass i f ied  by  l ev iga t ion   into  four  grain  size  g r o u p s ,   i .e .   s m a l l e r  

than  3µ,  from  3  to  5µ,  from  5  to  7u  and  l a r g e r   than  7p.  Eight  p a r t s  

by  weight   of  each  group  of  the  p h o s p h o r   and  one  par t   by  weight   o f  

n i t r o c e l l u l o s e   were  mixed  with  use  of  a  so lvent   to  obtain  four  d i f f e r e n t  

coat ing  d i s p e r s i o n s   of  the  p h o s p h o r .   The  coa t ing   d i spe r s ions   w e r e  

s e q u e n t i a l l y   uni formly   coated  by  a  knife  coa ter   and  dried  on  a  p o l y e t h y l e n e  

t e r e p h t h a l a t e   s u p p o r t   p r o v i d e d   on  its  s u r f a c e   with  an  ab so rp t i ve   layer   o f  

ca rbon   black  and  hav ing   a  t h i c k n e s s   of  250µ  in  such  o rder   that  a  g r o u p  

of  the  p h o s p h o r   gra ins   hav ing   smaller  gra in   size  was  applied  f i r s t ,   so  

that   the  coa t ing   weight   of  the  p h o s p h o r   of  each  group  became  5  m g / c m 2 ,  

w h e r e b y   a  p lu ra l i t y   of  f l u o r e s c e n t   layers   composed  of  (Y0.998,  T b 0 . 0 0 2 ) 2 O 2 S  

and  hav ing   d i f f e r en t   p h o s p h o r   grain  sizes  were  f o r m e d .  

Then ,   8  pa r t s   by  weight  of  (Gd0 .995 ,   Tb0 .005)2O2S  p h o s p h o r  

hav ing   a  mean  grain  size  of  8µ  and  a  s t a n d a r d   deviat ion  ( i .e .   q u a r t i l e  

dev ia t ion)   of  0.30  and  one  par t   by  weight  of  n i t roce l lu lose   were  m i x e d  

with  use  of  a  so lvent   to  obtain   a  coat ing  d i s p e r s i o n   of  the  p h o s p h o r .  

This  coa t ing   d i s p e r s i o n   was  uni formly   coated  by  a  knife  coater   on  t h e  

above  ment ioned  (Y0.998,   Tb0 .002)2O2S  p h o s p h o r   layer  so  that   the  c o a t i n g  

weight  of  the  p h o s p h o r   became  30  mg/cm2,   w h e r e b y   a  ( G d 0 . 9 9 5 ,  

Tb0 .005)2O2S   p h o s p h o r   layer   was  formed.   F u r t h e r ,   n i t roce l lu lose   w a s  

uniformly  coated  on  the  (Gd0 .995 ,   Tb0 .005)2O2S  phosphor   layer   a n d  

dried  to  form  a  t r a n s p a r e n t   p r o t e c t i v e   layer   hav ing   a  t h i c k n e s s   of  a b o u t  

10µ.  T h u s ,   a  r a d i o g r a p h i c   image  conve r s ion   sc reen   (27)  was  p r e p a r e d .  



EXAMPLES  28  to  30: 

R a d i o g r a p h i c   image  c o n v e r s i o n   s c r eens   (28)  to  (30)  w e r e  

p r e p a r e d   i n  t h e   following  manner   with  use  of  the  r e s p e c t i v e   c o m b i n a t i o n s  

of  a  g reen   emi t t ing   rare   ea r th   p h o s p h o r   and  a  blue  emi t t ing   p h o s p h o r ,  

as  i n d i c a t e d   in  Table   1  given  h e r e i n a f t e r .  

The  green  emi t t ing   rare   ear th   p h o s p h o r   and  the  blue  e m i t t i n g  

p h o s p h o r   were  p r e l imina r i l y   mixed  in  the  p r o p o r t i o n s   c o r r e s p o n d i n g   to  t h e  

r e s p e c t i v e   coa t ing   weights   of  the  green   emit t ing  r a re   e a r t h   p h o s p h o r   l a y e r  

and  the  blue  emi t t ing   p h o s p h o r   l aye r .   Eight  pa r t s   of  the   p h o s p h o r   m i x t u r e  

and  one  pa r t   of  n i t roce l l u lo se   were  mixed  t o g e t h e r   with  a  so lven t   to  o b t a i n  

a  coa t ing   d i s p e r s i o n   of  the  p h o s p h o r s .  

On  the  o ther   h a n d ,   a  p r o t e c t i v e   layer   was  coa ted   on  a  s m o o t h  

s u b s t r a t e   and  d r i ed   to  have  a  t h i c k n e s s   of  1011,  and  the  above  c o a t i n g  

d i s p e r s i o n   of  the   p h o s p h o r s   was  then  coated  on  the  p r o t e c t i v e   layer   so  

that  the  total   coa t ing   weight   of  the  p h o s p h o r s   became  50  m g / c m 2 .  

The  coa ted   p h o s p h o r   layer   was  dr ied   by  leaving  it  to  s t a n d   still  at  a  

c o n s t a n t   t e m p e r a t u r e   of  15°C  for  10  hours   while  c o n t r o l l i n g   the  r e p l a c e m e n t  

of  ambient   air ,   w h e r e b y   the  green  emit t ing  p h o s p h o r   g r a in s   and  the  b l u e  

emi t t ing   p h o s p h o r   grains  were  se t t l ed   to  s e p a r a t e   from  one  a n o t h e r .  

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

was  pee led   off  from  the  flat  s u b s t r a t e   and  heat  l amina ted   on  a  suppo r t   c o a t e d  

with  a  t h e r m o p l a s t i c   b i n d e r ,   w h e r e b y   a  r a d i o g r a p h i c   image  c o n v e r s i o n   s c r e e n  

c o m p r i s i n g   a  double   p h o s p h o r   layer   s t r u c t u r e ,   i . e .   a  f i r s t   f l u o r e s c e n t  

layer   composed   e s sen t i a l ly   of  the  blue  emitt ing  p h o s p h o r   and  a  s e c o n d  

f l u o r e s c e n t   l aye r   composed  e s sen t i a l l y   of  the  g reen   emi t t ing   p h o s p h o r ,   w a s  

o b t a i n e d .  



EXAMPLES  31  to  33: 

Fluorometal l ic   r a d i o g r a p h i c   image  c o n v e r s i o n   s c r e e n s   (31)  to  

(33)  were  p r e p a r e d   with  use  of  the  r e s p e c t i v e   combinat ions   of  a  g r e e n  

emi t t ing   rare  ear th   p h o s p h o r   and  a  blue  emi t t ing   p h o s p h o r ,   as  i nd ica ted   in 

Table  2  given  h e r e i n a f t e r ,   in  the  same  manner   as  in  Examples   1  to  26 

excep t   that  a  paper   s u p p o r t   hav ing   a  t h i c k n e s s   of  25011  and  p r o v i d e d   on  

its  s u r f a c e   with  a  lead  foil  h a v i n g   a  t h i c k n e s s   of  3011  was  u s e d .  

R e f e r e n c e   Example  R :  

As  a  r e f e r e n c e   example ,   a  r a d i o g r a p h i c   image  c o n v e r s i o n  

s c r een   (R)  was  p r e p a r e d   in  the  same  manner   as  in  Examples  1  to  26  e x c e p t  

that   (Gd0.995,   Tb0 .005)2O2S  p h o s p h o r   h a v i n g   a  mean  grain  size  of  811, 

and  a  s t a n d a r d   deviat ion  ( i . e .   qua r t i l e   dev ia t ion)   of  0.30  was  used  a n d  

a  s ingle   f luorescen t   layer   hav ing   a  coa t ing   weight  of  the  p h o s p h o r   o f  

50  mg/cm  was  formed  on  the  s u p p o r t .  

R e f e r e n c e   Example  R ' :  

A  r a d i o g r a p h i c   image  c o n v e r s i o n   sc reen   (R')  was  p r e p a r e d   i n  

the  same  manner   as  in  Examples   31  to  33  excep t   that   the  same  p h o s p h o r  

as  used  in  R e f r e r e n c e   Example  R  was  u s e d .  

With  r e spec t   to  30  d i f f e r e n t   k inds   of  the  r a d i o g r a p h i c   i m a g e  

c o n v e r s i o n   sc reens   (1)  to  (30)  of  the  p r e s e n t   i nven t ion   and  the  r a d i o -  

g raph ic   image  convers ion   s c reen   (R)  p r e p a r e d   as  a  r e f e r e n c e   e x a m p l e ,  

t he i r   s p e e d s ,   s h a r p n e s s ,   g r a n u l a r i t y   and  con t r a s t   were  i n v e s t i g a t e d   as  

combined  with  an  o r t h o - t y p e   film.  The  r e s u l t s   t h e r e b y   ob ta ined   a r e  

shown  in  Table  1. 



It  is  seen  tha t   the  r a d i o g r a p h i c   image  c o n v e r s i o n   s c r e e n s   of  t h e  

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

c o n v e r s i o n   s c r e e n   (R)  in  the  speed ,   s h a r p n e s s   and  c o n t r a s t ,   and  no  

s u b s t a n t i a l   d e g r a d a t i o n   in  the i r   g r a n u l a r i t y   was  o b s e r v e d .  

The  r a d i o g r a p h i c   image  c o n v e r s i o n   s c r e e n s   (31)  to  (33)  

of  the  p r e s e n t   i n v e n t i o n   and  the  r a d i o g r a p h i c   image  c o n v e r s i o n   screen   ( R ' )  

p r e p a r e d   as  a  r e f e r e n c e   example ,   were  used  for  i n d u s t r i a l   n o n - d e s t r u c t i v e  

i n s p e c t i o n .   The  r e s u l t s   t h e r e b y   ob ta ined   are  shown  in  Table  2. 

The  r a d i o g r a p h i c   image  c o n v e r s i o n   s c r e e n s   of  the  i n v e n t i o n   were  found  t o  

be  s u p e r i o r   to  the  c o n v e n t i o n a l   r a d i o g r a p h i c   image  c o n v e r s i o n   sc reen   ( R ' )  

in  the  speed   and  p e n e t r a m e t e r   s e n s i t i v i t y .   F u r t h e r ,   it  has  been  c o n f i r m e d  

that   the  r a d i o g r a p h i c   image  c o n v e r s i o n   s c r e e n s   (31)  to  (33)  can  e f f e c t i v e l y  

used   also  for  high  vol tage   r a d i o g r a p h y   and  c o b a l t g r a p h y   in  medical  d i a g n o s i s .  

With  r e s p e c t   to  the  r a d i o g r a p h i c   image  c o n v e r s i o n   s c r e e n s   (1)  to  (30)  

and  ( R ) :  

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

r a d i o g r a p h i c   image  c o n v e r s i o n   sc reen   l is ted  in  the  following  Table  1  w e r e  

ob t a ined   by  r a d i o g r a p h y   c o n d u c t e d   with  use  of  Or tho   G  Film  ( m a n u f a c t u r e d  

by  Eas tman   Kodak  Co.)  and  the  X- rays   g e n e r a t e d   at  the  X- ray   tube  vol tage  o f  

80  KVp  and  p a s s e d   t h r o u g h   a  w a t e r - p h a n t o m   hav ing   a  t h i c k n e s s   of  80  mm. 

The  r e s p e c t i v e   values  in  the  Tables   i nd ica te   the  fol lowing  v a l u e s .  

Speed :   A  r e l a t i ve   value  based   on  the  speed  of  a  r a d i o g r a p h i c   i m a g e  

c o n v e r s i o n   s c r e e n   compr i s ing   a  f l u o r e s c e n t   l ayer   of  CaWO4  p h o s p h o r  

(KYOKKO  FS,  m a n u f a c t u r e d   by  Kasei  O p t o n i x ,   L t d . )   where   the  l a t t e r  

speed  is  set  to  be  100. 

S h a r p n e s s :   A  re la t ive   value  of  the  MTF  value  o b t a i n e d  .  



S h a r p n e s s :   A  MTF  value  was  ob t a ined   at  a  spatial   f r e q u e n c y   of  2  l i n e s / m m ,  

and  it  was  r e p r e s e n t e d   by  a  r e la t ive   value  based  on  the  MTF  value  of  a  

r a d i o g r a p h i c   image  c o n v e r s i o n   sc reen   compr i s ing   a  single  f luo rescen t   l a y e r  

composed  solely  of  (Gd0 .995 ,   Tb0 .005 )2O2S   p h o s p h o r ,   ob ta ined   at  t h e  

same  spat ial   f r e q u e n c y ,   where   the  l a t t e r   MTF  value  was  set  to  be  100. 

G r a n u l a r i t y :   A  RMS  value  at  a  film  d e n s i t y   of  1. 0  and  spat ial   f r e q u e n c y  

of  0.  5 to  5.  0  l ines  /mm. 

C o n t r a s t :   P h o t o g r a p h s   were  t aken   t h r o u g h   Al  hav ing   a  t h i c k n e s s   of  1  mm 

and  Al  having  a  t h i c k n e s s   of  2  mm,  and  the  r e s p e c t i v e   c o n t r a s t s   w e r e  

ob ta ined   from  the  d i f f e r e n c e s   of  the  film  dens i t i e s .   Each  con t r a s t   was  

r e p r e s e n t e d   by  a  r e la t ive   value  based   on  the  con t r a s t   ob ta ined   by  a 

r a d i o g r a p h i c   image  c o n v e r s i o n   s c r e e n   compr i s ing   a  f l u o r e s c e n t   l a y e r  

composed  of  CaWO4  p h o s p h o r   (KYOKKO  FS,  m a n u f a c t u r e d   by  Kasei  O p t o n i x ,  

L t d . )   where  the  l a t te r   c o n t r a s t   was  set  to  be  100. 

With  r e spec t   to  the  r a d i o g r a p h i c   image  c o n v e r s i o n   s c r e e n s   (31)  to  (33)  a n d  

( R ' )  

The  speed  and  p e n e t r a m e t e r   s ens i t i v i t y   were  obta ined  b y  

r a d i o g r a p h y   conduc ted   with  use  of  Ortho  G  Film  ( m a n u f a c t u r e d   by  E a s t m a n  

Kodak  Co.)  and  a  steel  plate  hav ing   a  t h i c k n e s s   of  20  mm  as  the  object  a n d  

with  X- rays   g e n e r a t e d   at  the  X- ray   tube  voltage  of  200  K V p .  

Speed:   A  relat ive  value  based  on  the  speed  of  the  f luorometal ic   r a d i o g r a p h i c  

image  convers ion   sc reen   (R')  where   the  l a t te r   speed  is  set  to  be  100. 

P e n e t r a m e t e r   s e n s i t i v i t y :   R e p r e s e n t e d   by  the  following  f o r m u l a .  















1)  A  r a d i o g r a p h i c   image  c o n v e r s i o n   sc reen   compr i s i ng   a  

s u p p o r t ,   a  f i rs t   f l u o r e s c e n t   layer   formed  on  the  s u p p o r t   and  c o n s i s t i n g  

e s s e n t i a l l y   of  a  blue  emi t t ing   p h o s p h o r   and  a  second  f l u o r e s c e n t   l a y e r  

formed  on  the  f i rs t   f l u o r e s c e n t   l a y e r - a n d   c o n s i s t i n g   e s sen t i a l ly   of  a  g r e e n  

emi t t ing   r a re   ea r th   p h o s p h o r .  

2)  The  r a d i o g r a p h i c   image  c o n v e r s i o n   sc reen   a c c o r d i n g   to  

Claim  1  where in   said  green   emit t ing  r a re   e a r t h   p h o s p h o r   is  a  r a re   e a r t h  

o x y s u l f i d e   p h o s p h o r   r e p r e s e n t e d   by  the  f o r m u l a  

whe re   Ln  is  at  least   one  se lec ted   from  l a n t h a n u m ,   gadolinium  and  l u t e t i u m ,  

and  a  and  b  are  n u m b e r s   meeting  the  c o n d i t i o n s   of  0.0005 @  a  @0.09 

and  0 =  b  @0.01,  r e s p e c t i v e l y ,   or  the  f o r m u l a  

where   Ln  is  at  least   one  se lec ted   from  l a n t h a n u m ,   gadolinium  a n d  

l u t e t i u m ,   and  i,  a  and  b  are  n u m b e r s   mee t ing   the  condi t ions  o f  

0.65  @  i  <0. 95,  0.0005 @  a  @0.09  and  0  @  b  @0.01,  r e s p e c t i v e l y .  

3)  The  r a d i o g r a p h i c   image  c o n v e r s i o n   sc reen   a c c o r d i n g   t o  

Claim  1  or  2  whe re in   said  blue  emi t t ing   p h o s p h o r   is  at  least  one  s e l e c t e d  

from  the  group  c o n s i s t i n g   o f  

(I)  a  y t t r i u m   or  y t t r i u m - g a d o l i n i u m   oxysu l f ide   p h o s p h o r  

r e p r e s e n t e d   by  the  f o r m u l a  



where   c,  d  and  e  are  n u m b e r s   meet ing   the  cond i t ions   of  0 @  c  < 0 . 6 0 ,  

0.0005 @  d  <0.02  and  0 @  e  @0.01,  r e s p e c t i v e l y ,  

(II)  an  alkaline  ear th   metal  complex  halide  p h o s p h o r   r e p r e s e n t e d  

b y   the  f o r m u l a  

where   Me  is  at  least  one  se lec ted   from  m a g n e s i u m ,   calcium,  s t ront ium  a n d  

b a r i u m ,   each  of  Me'  and  Me"  is  at  least   one  se lec ted   from  ca l c ium,  

s t r o n t i u m   and  ba r ium,   each  of  X  and  X'  is  at  least  one  se lected  f rom 

ch lo r ine   and  bromine ,   and  p,  q,  r,  m  and  n  are  numbers   meeting  t h e  

cond i t i ons   of  0.80 @  p  @1.5,  0 @  q  @2.0,  0 @  r  @1.0,  0.001 @  m  @0.10 

and  0 @  n  @0.05,  r e s p e c t i v e l y ,  

(III)  a  rare   ear th   oxyha l ide   p h o s p h o r   r e p r e s e n t e d   by  t h e  

f o r m u l a  

where   Ln'  is  at  least  one  se lec ted   from  l a n t h a n u m   and  gadol inium,  X  i s  

at  least  one  se lec ted   from  chlor ine   and  b romine ,   and  x,  y  and  z  a r e  

n u m b e r s   meet ing  the  condi t ions   of  0 @  x  @0.01,  0 <  y  @0.01, 

0 @  z  <0.005  and  0  <  x  +  y ,  

(IV)  a  divalent   metal  t u n g s t a t e   p h o s p h o r   r e p r e s e n t e d   by  t h e  

f o r m u l a  

where   MII  is  at  least  one  se lec ted   from  magnes ium,   calcium,  zinc  a n d  

c a d m i u m ,  

(V)  a  zinc  sulfide  or  z inc -cadmium  sulf ide  p h o s p h o r   r e p r e s e n t e d  

by  the  f o r m u l a  



w h e r e   i  is  a  number   mee t ing   the  condit ion  of  0 @ j  @0.4,  a n d  

(VI)  a  r a re   ea r th   t an ta la te   or  t a n t a l u m - n i o b a t e   p h o s p h o r  

r e p r e s e n t e d   by  the  f o r m u l a  

w h e r e   Ln"  is  at  least  one  se lec ted   from  l a n t h a n u m ,   y t t r i u m ,   gado l in ium 

and  l u t e t i u m ,   and  v  and  w  are  numbers   mee t ing   the  condi t ions   o f  

0 @  v  @0.1  and  0 @  w  <0.3,   r e s p e c t i v e l y .  

4)  The  r a d i o g r a p h i c   image  c o n v e r s i o n   sc reen   a cco rd ing   t o  

Claim  1,  2  or  3  w h e r e i n   the  p h o s p h o r  i n   the  blue  emi t t ing   p h o s p h o r   l a y e r  

has  a  mean  grain  size  of  from  2  to  10µ,  a  s t a n d a r d   devia t ion  ( q u a r t i l e  

d e v i a t i o n )   of  the  grain  size  of  from  0.20  to  0.50  and  a  coat ing  weight  o f  

from  2  to  100  m g / c m  ,   and  the  p h o s p h o r   in  the  g reen   emitt ing  p h o s p h o r  

l a y e r   has  a  mean  grain  size  of  from  5  to  20µ,  a  s t a n d a r d   d e v i a t i o n  

( q u a r t i l e   devia t ion)   of  the  grain  size  of  from  0.15  to  0.40  and  a  c o a t i n g  

w e i g h t   of  from  5  to  100  m g / c m 2 ,  

5)  The  r a d i o g r a p h i c   image  c o n v e r s i o n   sc reen   acco rd ing   t o  

C la im  4  whe re in   the  p h o s p h o r   in  the  blue  emi t t ing   p h o s p h o r   layer  has  a  

mean  g ra in   size  of  from  3  to  6µ,  a  s t a n d a r d   d e v i a t i o n   (quar t i l e   d e v i a t i o n )  

of  the  g ra in   size  of  from  0.30  to  0.45  and  a  coa t i ng   weight  of  from  3  to  

50  m g / c m 2 ,   and  the  p h o s p h o r   in  the  g reen   emi t t ing   p h o s p h o r   layer   h a s  

a  mean  grain  size  of  from  6  to  12p,  a  s t a n d a r d   dev ia t ion   ( q u a r t i l e  

d e v i a t i o n )   of  the  grain  size  of  from  0.20  to  0.35  and  a  coat ing  weight  o f  

from  20  to  80  m g / c m 2 .  



6)  The  r a d i o g r a p h i c   image  c o n v e r s i o n   sc reen   a c c o r d i n g   to  a n y  

one  of  Claims  1  to  5  whe re in   the  blue  emi t t ing   p h o s p h o r   layer  has  a  g r a i n  

size  d i s t r i b u t i o n   of  the  p h o s p h o r   g ra ins   such  that   the  grain  size  b e c o m e s  

smaller  g radua l ly   from  the  side  facing  the  g reen   emit t ing  rare   e a r t h  

p h o s p h o r   layer   to  the  side  facing  the  s u p p o r t .  

7)  The  r a d i o g r a p h i c   image  c o n v e r s i o n   sc reen   a c c o r d i n g   t o  

a n y  o n e   of  Claims  1  to  6  whe re in   a  r e f l e c t i ve   layer   is  i n t e r p o s e d   b e t w e e n  

the  suppor t   and  the  f irst   f l u o r e s c e n t   l a y e r .  

8)  The  r a d i o g r a p h i c   image  c o n v e r s i o n   sc reen   a cco rd ing   to  

a n y  o n e   of  Claims  1  to  .6  where in   an  a b s o r p t i v e   layer   is  i n t e r p o s e d  

be tween   the  s u p p o r t   and  the  f i rs t   f l u o r e s c e n t   l a y e r .  

9)  The  r a d i o g r a p h i c   image  c o n v e r s i o n   sc reen   a c c o r d i n g   t o  

a n y  o n e   of  Claims  1  to  6  where in   a  metal  foil  is  i n t e r p o s e d   be tween   t h e  

s u p p o r t   and  the  f irst   f l u o r e s c e n t   l a y e r .  
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