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©  Cathode  ray  tube  screens. 

©  A  cathode  ray  tube  comprises  an  envelope  (1)  having  a 
screen  (3)  of  a  single  crystalline  or  polycrystalline  material 
such  as  yttrium  aluminium  garnet.  Dopants  such  as  Tb3*, 
Eu3*,  Ce3"  or  Tm3*  are  implanted  to  different  depths  or  in 
different  areas  (7,  10)  of  the  screen.  Annealing  the  screen 
removes  lattice  damage  caused  by  the  implanting.  Multicol- 
our  luminescence  is  obtained  by  scanning  an  electron  beam 
over  the  differently  doped  areas  (7,  10),  or  by  varying  the 
electron  beam  energy  as  it  scans. 
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electron  beam  energy  as  it  scans. 



This  i n v e n t i o n   r e l a t e s   to  cathode  ray  tube  (C.R.T.)   s c r e e n s .  

A  t y p i c a l   cathode  ray  tube  comprises   an  evacuated  g las s   envelope  with  a n  

e l e c t r o d e   s t r u c t u r e   at  one  end  and  a  face  p l a t e   at  the  other   end.  The 

face  is  i n t e r n a l l y   coated  with  a  phosphor  screen  formed  of  doped  phosphor  

p a r t i c l e s   d e p o s i t e d   by  s e t t l e m e n t   from  a  suspens ion .   An  e l e c t r o n   beam 

is  caused  to  sweep  a c r c s s   the  screen   and  form  an  obse rvab le   image ,  

e .g .   a  t e l e v i s i o n   d i s p l a y .   A  d i s a d v a n t a g e   with  powder  l aye r s   is  t h e i r  

l i m i t e d   luminescence ;   i n c r e a s i n g   the  e l e c t r o n   beam  c u r r e n t   to  o b t a i n  

h igher   luminance  is  not  p o s s i b l e   wi thout   damaging  the  phosphor  l a y e r .  

Another  d i s a d v a n t a g e   is  the  r e s o l u t i o n ,   l im i t ed   by  the  powder  p a r t i c l e  

s ize   for  s ing le   co lour   screen  and  a l so   by  d i f f u s i o n   for   double  l a y e r  

s c reens   o p e r a t i n g   on  the  pene t ron   p r i n c i p l e .  

Such  d i s a d v a n t a g e s   are  p a r t i c u l a r l y   t roublesome  in  p r o j e c t i o n   c a t h o d e  

ray  tube  d i s p l a y s   e.g.  a i r c r a f t   head  up  d i sp l ays   (HUD)  where  an  image 

from  a  small  cathode  ray  tube  is  p r o j e c t e d   in  f ron t   of  a  p i l o t   as  a n  

image  ahead  of  the  a i r c r a f t .  

P a t e n t   S p e c i f i c a t i o n   G.B.  2 ,000 ,173   A  d e s c r i b e s   a  cathode  ray  t u b e  

sc reen   formed  by  a  m o n o c r y s t a l l i n e   body  i n c l u d i n g   a  l uminescen t   l a y e r  

c o n t a i n i n g   an  a c t i v a t o r .   The  l aye r   is  grown  by  l i q u i d   phase  ep i t axy   o r  

d i f f u s i o n   of  an  a c t i v a t o r   into  the  body.  This  r e s u l t s   in  a  s i n g l e  

co lour   l i g h t   o u t p u t .  



According  to  this   i n v e n t i o n   a  cathode  ray  tube  sc reen   c o m p r i s e s  

a  s i n g l e   c r y s t a l l i n e   or  a  p o l y c r y s t a l l i n e   s l i c e   in to   which  a  

dopant   is  i n s e r t e d   into  the  s u r f a c e   l aye r   by  ion  i m p l a n t a t i o n  

fo l lowed   by  annea l i ng   to  remove  the  l a t t i c e   damage  caused  by  

the  i m p l a n t a t i o n   and  to  a s s i s t   the  d i f f u s i o n   of  the  d o p a n t  

in to   the  c r y s t a l .  

The  s i n g l e   c r y s t s l   s l i c e   may  be  a  s l i c e   of  y t t r i u m   a l u m i n i u m  

ga rne t   (YAG)  and  the  su r face   l a y e r   may  be  produced  by  

i m p l a n t i n g   Tb3+,  Eu3+,  Ce3+,  Tm3+,  or  other   s u i t a b l e   d o p a n t s ,  

s i n g l y   or  s e q u e n t i a l l y   over  the  whole  c r y s t a l ,   or  w i t h  

d i f f e r e n t   dopants   in  d i f f e r e n t   a r e a s .   The  s l i c e   or  l a y e r  

may  be  a  s ing le   c r y s t a l   or  a  t h i n   f i lm  on  a  d i f f e r e n t   s u b s t r a t e  

(e .g .   of  YAG  on  other  g a r n e t s   or  s a p p h i r e ) .   Other  s u i t a b l e  

c r y s t a l s   are  compounds  capable   of  i n c o r p o r a t i n g   r a r e - e a r t h  

ions ,   e .g .   oxides  c o n t a i n i n g   a  l a t t i c e   s i t e   of  s i m i l a r   s i z e  

and /or   va l ency   to  r a r e - e a r t h   i o n s .  

The  i n v e n t i o n   w i l l   now  be  d e s c r i b e d ,   by  way  of  example  o n l y ,  

with  r e f e r e n c e   to  the  accompanying  drawings  of  w h i c h : -  

F igure   1  is  a  genera l   side  view  of  a  cathode  ray  t u b e :  

Figure   2  is  a  graph  of  dopant  l eve l   near  the  s u r f a c e  

of  the  screen  a f t e r   a n n e a l i n g ;  

F igures   3,  4,  5  are  s e c t i o n s   of  a  cathode  ray  t u b e  

sc reen   during  p r o c e s s i n g   to  provide  d i f f e r e n t l y  

doped  areas   s u i t a b l e   for  use  in  a  beam  i n d e x e d  

colour   cathode  ray  t u b e .  

As  shown  in  F igure   1  a  cathode  ray  tube  comprises   an  e v a c u a t e d  

g lass   envelope  1  with  an  e l e c t r o d e   s t r u c t u r e   2  at  one  end  and  a  

f ron t   face  3  at  the  other  end.  The  face  3  may  be  a  s l i c e   o f  

s i n g l e   c r y s t a l   y t t r ium  aluminium  garne t   (YAG)  on  i t s   own  o r  

bonded  on  the  i n s ide   of  a  g lass   p l a t e .   The  i n s ide   s u r f a c e   o f  

the  face  is  covered  with  a  very  th in   evapora ted   l ayer   o f  

aluminium  4 .  



The  y t t r ium  aluminium  garne t   (YAG)  c r y s t a l   may  be  grown  by 

conven t iona l   methods  e .g .   by  the  C z o c h r a l s k i   t echn ique   o f  

growth  from  a  melt  of  y t t r i u m   oxide  and  aluminium  o x i d e .  

A  grown  c r y s t a l   of  y t t r i u m   aluminium  garne t   is  s l i c e d   and 

po l i shed   to  the  r equ i r ed   d i m e n s i o n s .  

The  s l i c e   of  y t t r i u m   aluminium  garnet   is  p laced  in  a  vacuum 

chamber  and  imp lan t ed   with  Tb3+  ions  from  a  terbium  c h l o r i d e  

source  at  150  kV  to  give  around  2  x  1016  ions/cm2.  F o l l o w i n g  

i m p l a n t a t i o n   the  s l i c e   is  annealed  at  about  17500C  for  a b o u t  

3  hours.   This  removes  r e s i d u a l   damage  and  d i f f u s e s   the  Tb3+ 

in to   the  c r y s t a l ;   F igure   2  shows  how  the  c o n c e n t r a t i o n  

d e c r e a s e s   away  from  the  s u r f a c e .  

In  o p e r a t i o n   an  o b s e r v a b l e   image  is  d i s p l a y e d   on  the  screen  3 

where  s t ruck   by  a  scanning   e l e c t r o n   beam.  The  l i g h t   i n t e n s i t y  

v a r i e s   with  beam  c u r r e n t .   At  a  beam  energy  l e v e l   of  5  kV  t h e  

image  appears   green,   the  spectrum  being  dominated  by  an  e m i s s i o n  

l ine   at  544  nm  of  the  Tb3+  ion  in  the  high  Tb3+  c o n c e n t r a t i o n  

r eg ion   near  the  near  su r f ace .   At  h igher   v o l t a g e s   e.g.   40  kV 

the  image  appears   blue  caused  by  i n t r i n s i c   de fec t   l u m i n e s c e n c e  

of  the  bulk  y t t r i u m   aluminium  garnet   in  combinat ion   with  b l u e  

l i n e s   from  the  Tb3+  ions  in  the  low  c o n c e n t r a t i o n   reg ion   away 

from  the  su r f ace .   Thus  a  pene t ron   two  co lour   d i s p l a y   may  be 

achieved  by  the  use  of  two  beams  at  two  d i f f e r e n t   v o l t a g e s .  

A  pene t ron   type  of  s c reen   may  also  be  produced  by  ion  i m p l a n t i n g  

d i f f e r e n t   a c t i v a t o r s   to  d i f f e r e n t   depths  us ing  d i f f e r e n t  

implant   e n e r g i e s .  



A l t e r n a t i v e l y   s t r i p s   of  d i f f e r e n t   a c t i v a t o r s   may  be  i m p l a n t e d  

as  shown  in  F igures   3 ,  4 ,   and  5.  An  aluminium  mask  5  i s  

formed  on  the  y t t r i u m   aluminium  garnet   s l i c e   6  by  c o n v e n t i o n a l  

photo  l i t h o g r a p h i c   t echn iques   Figure  3.  The  Tb3+  ions  a r e  

implanted  7  in  the  YAG  s l i c e   through  s l o t s   8  in  the  mask  5  and  

the  mask  removed.  A  second  mask  9,  F igure   4,  is  formed  on  t h e  

y t t r ium  aluminium  garne t   s l i c e   6  and  ions  of  Eu3+  implanted  10.  

The  second  mask  9  is  then  removed,  Figure  5,  and  the  s l i c e  

annealed  to  give  a  y t t r ium  aluminium  ga rne t   s l i c e   6  doped  i n  

with  Tb3+  and  Eu3+  in  s t r i p s   7,  10  for  use  e.g.  in  a  beam  i n d e x e d  

type  of  colour  cathode  ray  tube.  Beam  index  and  pene t ron   c a t h o d e  

ray  tubes  are  d e s c r i b e d   for  example  in  M i c r o e l e c t r o n i c s   J o u r n a l  

Vol.  11,  No.  3,  pp.  10-23,  D.  J.  Robbins.   A  th in   e .g.   300Å 

th ick   layer   of  aluminium  is  evapora ted   onto  the  y t t r i u m   a lumin ium 

garnet   s l i c e   to  p reven t   screen  charg ing   dur ing  o p e r a t i o n ,   and  i s  

etched  into  two  i n t e r d i g i t a l   comb  shaped  s t r u c t u r e s   11,  12 

r e s p e c t i v e l y   o v e r l y i n g   the  Tb  and  Eu  doped  s t r i p s   7,  10  t o  

provide  a  beam  index  s i g n a l .  



1.  A  method  of  making  a  cathode  ray  tube  compr is ing   t h e  

s teps   of  p rov id ing   a  s i ng l e   c r y s t a l l i n e   or  p o l y c r y s t a l l i n e   s l i c e  

forming  a  f ron t   face  of  the  tube,  ion  i m p l a n t i n g   at  l e a s t   one 

dopant  into  the  s l i c e ,   and  annea l ing   the  s l i c e   to  remove  l a t t i c e  

damage. 

2.  The  method  of  claim  1  wherein  d i f f e r e n t   dopants   a r e  

implanted  to  d i f f e r e n t   depths  in  the  s l i c e .  

3.  The  method  of  claim  1  wherein  d i f f e r e n t   dopants  a r e  

implanted  in  d i f f e r e n t   a reas   of  the  s l i c e .  

4.  A  cathode  ray  tube  formed  by  the  method  of  claim  1 

compris ing   an  envelope  with  a  s i ng l e   c r y s t a l l i n e   or  p o l y c r y s t a l l i n e  

s l i c e   forming  a  f ron t   face ,   the  s l i c e   having   d i f f e r e n t   d o p a n t s  

implanted   in  d i f f e r e n t   p a r t s   of  the  s l i c e   whereby  d i f f e r e n t   c o l o u r s  

can  be  emit ted   from  the  d i f f e r e n t   p a r t s   of  the  s l i c e   when 

i l l u m i n a t e d   by  an  e l e c t r o n   beam. 

5.  A  cathode  ray  tube  accord ing   to  claim  4  wherein  t h e  

d i f f e r e n t   dopants   are  implanted  in  d i f f e r e n t   areas   of  the  s l i c e .  

6.  A  cathode  ray  tube  acco rd ing   to  claim  4  wherein  t h e  

d i f f e r e n t   dopants   are  implanted  to  d i f f e r e n t   depths  in  the  s l i c e .  

7.  A  cathode  ray  tube  accord ing   to  claim  4  wherein  t h e  

s l i c e   is  the  m a t e r i a l   y t t r i u m   aluminium  g a r n e t .  

8.  A  cathode  r a y  t u b e   a cco rd ing   to  claim  4  wherein  t h e  

dopants   are  s e l e c t e d   from  T b  ,   Eu3+,  C e  ,   or  Tn3+. 
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