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C o l o r   c a t h o d e   r a y   t u b e   h a v i n g   i m p r o v e d   i n t e r n a l  

m a g n e t i c   s h i e l d .  

T h i s   i n v e n t i o n   r e l a t e s   to  c o l o r   c a t h o d e   r a y -  

t u b e s   h a v i n g   a p e r t u r e   m a s k s ,   and  more  p a r t i c u l a r l y   r e l a t e s  

to  i m p r o v e d   i n t e r n a l   m a g n e t i c   s h i e l d s   f o r   s u c h   t u b e s .  

C o l o r   c a t h o d e   r a y   t u b e s   f o r   c o l o r   t e l e v i s i o n  

5  ( c o l o r   p i c t u r e   t u b e s )   e m p l o y i n g   a p e r t u r e   m a s k s   a r e   k n o w n  

to  be  s e n s i t i v e   to  e x t e r n a l   m a g n e t i c   f i e l d s ,   e s p e c i a l l y  

t h e   e a r t h ' s   m a g n e t i c   f i e l d ,   w h i c h   can   u n d e s i r a b l y   i n f l u e n c e  

t h e   t r a j e c t o r i e s   of  t h e   e l e c t r o n   b e a m s ,   c a u s i n g   s h i f t i n g  

and  d i s t o r t i o n   of  t h e   s c r e e n   r a s t e r ,   as  w e l l   as  d e g r a d a t i o n  

10  of  c o l o u r   p u r i t y   and  c o n v e r g e n c e .   F o r   e x a m p l e ,   s h i f t i n g   o f  

a  beam  t r a j e c t o r y   to  t h e   r i g h t   or  l e f t   w i l l   r e s u l t   in   a  

beam  l a n d i n g   e r r o r   i n   a  t u b e   w i t h   v e r t i c a l l y   o r i e n t e d  

p h o s p h o r   s t r i p e s .   T h a t   i s ,   t he   beam  w i l l   l a n d   to  t h e  

r i g h t   or  l e f t   of  t he   i n t e n d e d   l a n d i n g   a r e a   on  t h e  

15  s t r i p e .  

F o r   a c c e p t a b l e   p e r f o r m a n c e ,   t h e r e f o r e ,   s u c h  

t u b e s   mus t   h a v e   e f f e c t i v e   s h i e l d i n g   f rom  t h e s e   m a g n e t i c  

f i e l d s ,   and  i t   h a s   b e c o m e   c o n v e n t i o n a l   p r a c t i c e   to  i n c o r -  

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

20  f o r   t h i s   p u r p o s e .  
B e c a u s e   t h e   e f f e c t   of  t he   e a r t h ' s   m a g n e t i c  

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

o p t i m u m   s h i e l d i n g   r e q u i r e s   the   a b i l i t y   to  r e m a g n e t i z e  

t he   s h i e l d   to  r e a l i g n   t he   m a g n e t i c   d o m a i n s   a f t e r   t he   t u b e  

25  has   b e e n   m o v e d .   A c c o r d i n g l y ,   t h e s e   s h i e l d s   a r e   c u s t o -  

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

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

the   t e l e v i s i o n   s e t   i s   t u r n e d   o n .  

The  s h a p e   of  t he   s h i e l d   i s   in   g e n e r a l   d i c t a t e d  

30  by  t he   d e s i r e   to  h a v e   as  much  of  t h e   t u b e   v o l u m e   s h i e l d e d  

as  p o s s i b l e ,   w i t h o u t   h a v i n g   t h e   s h i e l d   i n t e r f e r e   w i t h   t h e  

t u b e ' s   o p e r a t i o n .   For   e x a m p l e ,   e x t e n d i n g   t he   s h i e l d   too   f a r  
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b a c k   i n t o   t he   f u n n e l   r i s k s   i n t e r f e r e n c e   w i t h   t h e  

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

as   p h y s i c a l   i n t e r c e p t i o n   or  " c l i p p i n g "   of  t h e   d e f l e c t e d  

b e a m s .   In   a d d i t i o n ,   c o s t   c o n s i d e r a t i o n s   d i c t a t e   as  s i m p l e  
5  a  s h a p e   as  p o s s i b l e .  

In   U . S .   P a t e n t   3 , 8 6 7 , 6 6 8 ,   t h e   s h i e l d   i s  

c o m p o s e d   of  two  c u r v e d   s h e e t s   of  m a g n e t i c   m a t e r i a l ,   s a i d  
to  make  p r o c e s s i n g ,   s t o r i n g ,   t r a n s p o r t a t i o n   and  a s s e m b l y -  
c o n v e n i e n t   and  e a s y .   In   a d d i t i o n   an  e x t e r n a l   s h i e l d   i s  

10  e m p l o y e d   to  c o v e r   t h e   g a p s   c r e a t e d   by  t h e   o p e n i n g   b e t w e e n  
t h e   two  c u r v e d   s h e e t s   " t o   p r o v i d e   c o m p l e t e   s h i e l d i n g " .  

I t   i s   c u s t o m a r y   to  d e s c r i b e   t he   e f f e c t   of  t h e  
e a r t h ' s   m a g n e t i c   f i e l d   on  beam  l a n d i n g   i n t e r m s   of  t w o  

c o m p o n e n t s ;   t h e   e a s t - w e s t   e f f e c t ,   d e t e r m i n e d   by  a  
15  t r a n s v e r s e   h o r i z o n t a l   f i e l d ,   and  t h e   n o r t h - s o u t h   e f f e c t ,  

d e t e r m i n e d   by  an  a x i a l   h o r i z o n t a l   f i e l d .   The  m a g n i t u d e   o f  
t h e s e   e f f e c t s   i s   t h e   d i f f e r e n c e   b e t w e e n   t h e   beam  l a n d i n g  
e r r o r s   in   t h e   e a s t   and   w e s t - f a c i n g   d i r e c t i o n s ,   and  t h e   n o r t h  
and  s o u t h -   f a c i n g   d i r e c t i o n s ,   r e s p e c t i v e l y .   I t   i s   a l s o  

c u s t o m a r y   to  d e s c r i b e   t he   t u b e ' s   s u r f a c e   i n   t e r m s   of  t h e  
f a c e   of  an  a n a l o g   c l o c k .   T h u s ,   t h e   t o p   i s   12  o ' c l o c k ,   t h e  
b o t t o m   i s   6  o ' c l o c k ,   t he   r i g h t   s i d e   ( a s   s e e n   by  t h e  
v i e w e r )   i s   3  o ' c l o c k   and  t h e   l e f t   s i d e   i s   9  o ' c l o c k .  

I t   i s   an  o b j e c t   of  t h e   i n v e n t i o n   to  p r o v i d e  
i m p r o v e d   i n t e r n a l   m a g n e t i c   s h i e l d s   f o r   c o l o r   t u b e s   w h i c h  
e x h i b i t   i m p r o v e d   s h i e l d i n g   and  w h i c h   can   be  r e a d i l y  
f a b r i c a t e d   u s i n g   p r e s e n t   m a n u f a c t u r i n g   t e c h n i q u e s .  

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

on 
c o m p r i s i n g   a  b o w l - s h a p e d   s t r u c t u r e   h a v i n g   a t   l e a s t   o n e  
s l o t - s h a p e d   o p e n i n g   i n   b o t h   t he   6  and   12  o ' c l o c k   s i d e s  
of   t h e   s h i e l d ,   e a c h   s l o t   a l i g n e d   i n   t h e   d i r e c t i o n   of  t h e  
a x i s   of  r o t a t i o n   or  Z  a x i s   of  t h e   t u b e ,   and  a  l a r g e  
a p e r t u r e   s u r r o u n d i n g   t h e   Z  a x i s   f o r   p a s s i n g   t h e   t u b e ' s  

35  e l e c t r o n   b e a m s .  

In   a c c o r d a n c e   w i t h   a  p r e f e r r e d   e m b o d i m e n t ,  
t h e r e   i s   a  p a i r   of   s l o t s   c e n t r a l l y   l o c a t e d   and   f a c i n g   e a c h  
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o t h e r   a b o v e   and   b e l o w   t h e   Z  a x i s   in   t he   6  and  12  o t t o I /   4 7 3  

s i d e s   of  t h e   s h i e l d .  

In   a c c o r d a n c e   w i t h   a n o t h e r   a s p e c t   of  t h e  

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

m a t e r i a l ,   s u c h   as  low  c a r b o n   s t e e l ,   and  t h e n   f o r c i n g   t h e  

s h e e t   o v e r   a  b o w l - s h a p e d   fo rm  to  s i m u l t a n e o u s l y   s t r e t c h  

and  c r i m p   t h e   s h e e t   i n t o   a  b o w l - s h a p e d   s t r u c t u r e .  

S u b s e q u e n t l y ,   an  a p e r t u r e   i s   c u t   i n t o   t h e   s h i e l d .  
10  F i g .   1  i s   a  s e c t i o n e d   e l e v a t i o n   v i e w   of  a  c o l o r  

p i c t u r e   t u b e   i n c o r p o r a t i n g   an  i m p r o v e d   i n t e r n a l   m a g n e t i c  
s h i e l d   a c c o r d i n g   to  t h e   i n v e n t i o n ;  

F i g .   2  i s   a  p l a n   v i e w   of  t he   s h i e l d   of  F i g .   1 

as  s e e n   f r o m   t h e   r e a r ,   s h o w i n g   t he   s l o t s   and  t he   s h i e l d  
15  a p e r t u r e   ;  a n d  

F i g .   3  i s   a  s i d e   v i e w   of  t he   s h i e l d   of  F i g .   1  , 
s h o w i n g   t h e   e d g e   c o n t o u r   of  one  end  r e g i o n   of  t he   s h i e l d  

a p e r t u r e   . 
R e f e r r i n g   now  to  F i g .   1  ,  t h e r e   i s   shown  a  

20  c o l o r   c a t h o d e   r a y   t u b e   f o r   c o l o r   t e l e v i s i o n   ( c o l o r  

p i c t u r e   t u b e )   11,  i n c l u d i n g   g l a s s   e n v e l o p e   13  c o m p r i s i n g  

an  i n t e g r a t i o n   of  f a c e   p a n e l   15,  f u n n e l   17  and  n e c k   1  9 

r e g i o n s .   D i s p o s e d   on  t h e   i n t e r i o r   s u r f a c e   of  f a c e   p a n e l  

15  i s   c a t h o d o l u m i n e s c e n t   s c r e e n   21,  c o n s i s t i n g   of  an  a r r a y  
25  of  d i s c r e t e   p h o s p h o r   e l e m e n t s .   P o s i t i o n e d   in   t h e   n e c k   19  i s  

moun t   22  i n c l u d i n g   an  e l e c t r o n   gun  f o r   g e n e r a t i n g   a n d  

d i r e c t i n g   t h r e e   e l e c t r o n   beams   to  s c r e e n   21  .  P o s i t i o n e d  

a d j a c e n t   s c r e e n   21  i s   a  m u l t i - a p e r t u r e d   mask  25  f o r  

d i r e c t i n g   t h e   e l e c t r o n   beams   to  t h e   d e s i r e d   p h o s p h o r  
30  e l e m e n t s   on  t h e   s c r e e n .   A p e r t u r e   mask  25  i s   s u p p o r t e d   b y  

f r a m e   member   29,   w h i c h   i s   in   t u r n   s u p p o r t e d   by  s t u d s   2 7  
e m b e d d e d   in   t h e   s i d e w a l l   of  p a n e l   15.  A t t a c h e d   to  m a s k  

f r a m e   29  i s   i n t e r n a l   m a g n e t i c   s h i e l d   (IMS)  31  c o m p r i s e d   o f  

b o w l - s h a p e d   s t r u c t u r e   39  d e f i n i n g   s u p e r g a c e n t   s l o t s   k'\  i n  
35  the   c e n t e r s   of  f a c i n g   t o p   and  b o t t o m   s i d e w a l l s   t h e r e o f ,  

a l i g n e d   w i t h   t h e   r o t a t i o n a l   or  Z  a x i s   of   t h e   t u b e ,   and  a l s o  

d e f i n i n g   a p e r t u r e   k7  s u r r o u n d i n g   t h e   Z  a x i s .  
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As  can  be  s e e n   f r o m   F i g .   1  ,  the   b o w l -   s h a p e d  

s t r u c t u r e   39  of  s h i e l d   31  e x t e n d s   f r o m   the   p e r i p h e r y   of  t h e  

mask   25  d o w n w a r d   a l o n g   t h e   f u n n e l   17  t o w a r d   t h e   moun t   2 2 ,  

g e n e r a l l y   f o l l o w i n g t h e   c o n t o u r   of   t h e   f u n n e l   w a l l ,   u n t i l   i t  

5  t e r m i n a t e s   in   a  m i d - r e g i o n   b e t w e e n   t h e   mask  and   m o u n t   t o  

d e f i n e   a p e r t u r e   ^7.   V h i l e   a  f u r t h e r   e x t e n s i o n   of   t h e   s h i e l d  

w o u l d   r e s u l t   in   i m p r o v e d   s h i e l d i n g ,   i t   wou ld   a l s o   p r e s e n t  

t h e   r i s k   of   i n t e r f e r e n c e   w i t h   t h e   m a g n e t i c   beam  d e f l e c t i o n  

f i e l d   p r o d u c e d   by  e x t e r n a l   d e f l e c t i o n   means   ( n o t   s h o w n )  

10  p o s i t i o n e d   in   t he   t r a n s i t i o n   r e g i o n   b e t w e e n   t he   f u n n e l   a n d  

t h e   n e c k ,   as  w e l l   as  a c t u a l   p h y s i c a l   i n t e r c e p t i o n  

( c l i p p i n g )   of  t he   e l e c t r o n   b e a m s .  

R e f e r r i n g   now  to  i g .   2,  t h e   s h i e l d   31  i -s  

s e e n   i n   p l a n   v i ew   f rom  t h e   r e a r   or  m o u n t   end  of   t he   t u b e ,  

15  as  v i e w e d   a l o n g   t h e   Z  a x i s .   In   a c c o r d a n c e   w i t h   t h e  

c o n v e n t i o n a l   p r a c t i c e   of  l a b e l i n g   r e g i o n s   of  t h e   t u b e   a s  

t h o u g h   t h e   s c r e e n e d   p a n e l   w e r e   t h e   f a c e   of  an  a n a l o g   c l o c k ,  

t h e   t o p ,   l e f t   s i d e ,   b o t t o m ,   and   r i g h t   s i d e   of  t h e   s h i e l d  

a r e   l a b e l e d   t h e   12,  3j  6  and  9  o ' c l o c k   s i d e s ,   r e s p e c t i v e l y .  

20  As  c a n   be  s e e n ,   t he   s l o t s   h i a   and   41b  a r e   l o c a t e d   in   t h e  

c e n t r e s   of   t h e   6  and  12  o ' c l o c k   s i d e s .  

The  s l o t s   may  a l s o   be  l o c a t e d   o f f - c e n t e r ,   f o r  

e x a m p l e   w i t h i n   a  c e n t r a l   r e g i o n   of  t h e   6  and  12  o ' c l o c k  

s i d e s ,   t h i s   r e g i o n   d e f i n e d   as  e x t e n d i n g   up  to  40  p e r c e n t   o f  

25  t h e   l e n g t h   La  of  t h e   a p e r t u r e .   T h e r e   may  a l s o   be  more  t h a n  

one  s l o t   in   a  s i d e w a l l   ,  b u t   p r e f e r a b l y   t h e r e   w i l l   be  t h e  

same  n u m b e r   of  s l o t s   in   e a c h   s i d e w a l l .   In  a d d i t i o n ,   t h e  

f a c i n g   s l o t s   n e e d   n o t   be  s u p e r   j a c e n t   as   shown,   b u t   may  b e  

d i s p l a c e d   r e l a t i v e   to  one  a n o t h e r ,   w i t h i n   t he   c e n t r a l  

30  r e g i o n   d e f i n e d .  

The  s l o t s   h a v e   a  h e i g h t   h  w h i c h   i s   f r o m   a b o u t  

50  to   95  p e r c e n t   of  t h e   h e i g h t   Hs  of   t h e   s h i e l d   f r o m   t h e  

r i m   **8  to   t h e   s t r a i g h t   e d g e   h$  of   t h e   a p e r t u r e   kj  ,  and  a  

w i d t h   w  w h i c h   i s   f rom  a b o u t   1  to  10  p e r c e n t   of  t h e   l e n g t h   L r  
35  of   t h e   s h i e l d   a t   t h e   r im   4 8 .  

The  a p e r t u r e   h'J  i s   o b l o n g -   s h a p e d ,   h a v i n g   a  

l e n g t h - t o - w i d t h   r a t i o   of   f r o m   a b o u t   1 .7   to  2 . 1 ,   and  h a v i n g  
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a  c e n t r a l   r e g i o n   d e f i n e d   by  s t r a i g h t   e d g e s   49  and  t w o  
end  r e g i o n s   d e f i n e d   by  c u r v e d   e d g e s   50.  As  may  be  s e e n  
more   c l e a r l y   i n   F i g s .   1  and  3,  t he   c e n t r a l   r e g i o n   of   t h e  
a p e r t u r e   l i e s   i n   a  p l a n e   n o r m a l   to  t h e   Z  a x i s ,   w h i l e   t h e  

5  end  r e g i o n s   l i e   in   u p w a r d l y   c u r v i n g   s u r f a c e s ,  
r e s u l t i n g   in   t h e   c u r v e d   edge   p r o f i l e   s e e n   in   F i g .   3 .  

The  a p e r t u r e   h a s   a  w i d t h   Wa  w h i c h   i s   f r o m   a b o u t  
49  to  51  p e r c e n t   of   t h e   w i d t h   Wr  of  t h e   s h i e l d   a t   t h e   r i m  
48,  and  a  l e n g t h   La  w h i c h   i s   f rom  a b o u t   65  to  69  p e r c e n t   o f  

10  t h e   l e n g t h   Lr  .  In   a d d i t i o n ,   the   a m o u n t   of  u p w a r d  
c u r v a t u r e   of  t h e   end  r e g i o n s   of  t he   a p e r t u r e ,   r e s u l t i n g   f r o m  
the   i n t e r s e c t i o n   of   t he   b o w l - s h a p e d   s i d e w a l l s   w i t h   t h e  
o b l o n g - s h a p e d   a p e r t u r e ,   i s   i n d i c a t e d   by  t he   h e i g h t   He  o f  
t he   s h i e l d   f r o m   t he   r im   48  to  t he   o u t e r   p o i n t   52  o f  

15  c u r v e d   edge   50,  and   t h i s   h e i g h t   He  may  r a n g e   f rom  a b o u t   8 5  
to  90  p e r c e n t   of   t h e   h e i g h t   Hs  . 

W i t h i n   t he   a b o v e   r a n g e s ,   t h e   a p e r t u r e   h a s   a  
l a r g e r   l e n g t h - t o - w i d t h   r a t i o   t h a n   t he   a p e r t u r e s   of  c e r t a i n  
p r i o r   s h i e l d   d e s i g n s   ( a b o u t   2  v e r s u s   1 . 3 ) .   T h i s   c h a n g e   h a s  

20  t h e   e f f e c t   of  i m p r o v i n g   n o r t h - s o u t h   s h i e l d i n g ,   bu t   a t   t h e  

e x p e n s e   of  s l i g h t l y   r e d u c e d   e a s t - w e s t   s h i e l d i n g .   E a s t - w e s t  

s h i e l d i n g   i s   a t   l e a s t   p a r t i a l l y   r e c o v e r e d ,   h o w e v e r ,   b y  
i n t r o d u c i n g   t h e   s l o t s   i n t o   t he   6  and  12  o ' c l o c k   s i d e w a l l s .  

By  way  of   e x a m p l e ,   1  9V  m i n i   n e c k   c o l o r   t u b e s  
h a v i n g   a  s h i e l d   of   t he   i n v e n t i o n   and  a  p r i o r   a r t   s h i e l d   w e r e  
f a b r i c a t e d   and  c o m p a r e d   f o r   r e g i s t r a t i o n   d i f f e r e n c e s .   T h e  
s h i e l d   of  t h e   i n v e n t i o n   was  as  shown  in   t he   s i d e w a l l s ,   a n d  
an  o b l o n g - s h a p e d   a p e r t u r e   w i t h   u p w a r d l y   c u r v i n g   e n d  

r e g i o n s ,   w i t h   t h e   f o l l o w i n g   d i m e n s i o n s   i n   i n c h e s :  
30  Hs  =  4 . 0 ,   Lr  =  1 5 . O ,   Wr  =  10.  9,  He  =  3 . 7 5 ,   Wa  =  5 . 3 7 ,  

La  =  1 0 . 7 5 ,   w  =  0 . 3 ,   and  h  =  3 . 9 .   The  p r i o r   a r t   s h i e l d   h a d  
no  s l o t s   and  i t s   a p e r t u r e   was  e n t i r e l y   l o c a t e d   in   a  p l a n e  
n o r m a l   to  t h e   Z  a x i s ,   and  had  the   f o l l o w i n g   d i m e n s i o n s :  
Hs  =  3 . 0 ,   Lr  =  1 5 . 0 ,   Wr  =  10.  9,  Wa  =  7 . 4   and  La  =  9 . 6 .  

35  R e g i s t r a t i o n s   ( d i f f e r e n c e   b e t w e e n   s t r i p e   l o c a t i o n   a n d  
a c t u a l   beam  l a n d i n g   l o c a t i o n ;   a l s o   known  as  beam  l a n d i n g  
e r r o r )   w e r e   m e a s u r e d   on  s e v e r a l   s a m p l e   t u b e s   f o r   e a c h   t y p e  
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f o u r   c o r n e r s   o f t h e   s c r e e n   f o r   e a c h   s a m p l e   t u b e   o r i e n t e d  

s u c c e s s i v e l y   in   t h e   v e s t ,   s o u t h ,   e a s t ,   n o r t h   and  w e s t  

d i r e c t i o n s .   R e g i s t r a t i o n   d i f f e r e n c e s   b e t w e e n   n o r t h   a n d  

5  s o u t h   f a c i n g   o r i e n t a t i o n s   a v e r a g e d   a b o u t   0 . 6   m i l s   or  i s  

l e s s   f o r   t h e   i n v e n t i v e   s h i e l d   v e r s u s   a b o u t   1 .2   m i l s   f o r  

t h e   p r i o r   a r t   h i e l d .   R e g i s t r a t i o n   d i f f e r e n c e s   b e t w e e n   e a s t  

and  wes t   f a c i n g   o r i e n t a t i o n s   a v e r a g e d   a b o u t   0 . 6   m i l s   f o r   t h e  

i n v e n t i v e   s h i e l d   v e r s u s   a b o u t   0 . 5   m i l s   f o r   t he   p r i o r   a r t  

10  s h i e l d .   The  s i g n i f i c a n t   i m p r o v e m e n t   i n   n o r t h - s o u t h   s h i e l -  

d i n g   at   the   e x p e n s e   of   a  s l i g h t   d e c r e a s e   i n   e a s t - w e s t  

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

of  e x t e r n a l   m a g n e t i c   f i e l d s ,   and  a  c o n s e q u e n t   o v e r a l l  

i m p r o v e m e n t   in   t u b e   p e r f o r m a n c e .  
15  in   a c c o r d a n c e   w i t h   a n o t h e r   a s p e c t   of  t h e  

i n v e n t i o n ,   t he   s h i e l d   i s   f a b r i c a t e d   f r o m   a  f o i l   s h e e t   o f  

s o f t   m a g n e t i c   m a t e r i a l ,   s u c h   as  low  c a r b o n   s t e e l .   T h e  

s h e e t   i s   s h a p e d   by  f o r c i n g   i t   o v e r   a  m o l d ,   r e s u l t i n g   i n  

s i m u l t a n e o u s l y   s t r e t c h i n g   and  c r i m p i n g   i t   i n t o   t h e   d e s i r e d  
20  s h a p e .   The  c r i m p s   a r e   r e p r e s e n t e d   in   t h e   d r a w i n g s   by  t h e  

r a n d o m l y   d i s t r i b u t e d   l o o p e d a n d   wavy  l i n e s .  

The  s l o t s   a r e   p r e f e r a b l y   f o r m e d   b e f o r e   s h a p i n g  
( s u c h   as  by  c u t t i n g   or  p u n c h i n g )   b e c a u s e   a f t e r   s h a p i n g   t h e  

s l o t s   l i e   in   a  c u r v e d   s u r f a c e   and  f o r m i n g   in   s u c h   a  s u r f a c e  
25  i s   more  d i f f i c u l t   t h a n   i n   a  f l a t   s u r f a c e .   B e c a u s e   t h e   s l o t s  

a r e   l o c a t e d   i n   an  a r e a   of  t h e   f o i l   w h i c h   u n d e r g o e s   c o n s i -  

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

t he   s l o t s   a d h e r e   to  t h e   d i m e n s i o n a l   and  o t h e r   l i m i t a t i o n s  

s e t   f o r t h   h e r e i n ,   in   o r d e r   to  a v o i d   t e a r i n g   of  t h e   f o i l   o r  
30  d e f o r m a t i o n   of  t h e   s l o t s   or  b o t h ,   d u r i n g   s h a p i n g .   Fo r   t h e  

same  r e a s o n s ,   t h e   a p e r t u r e   i s   p r e f e r a b l y   f o r m e d   a f t e r  

s h a p i n g   . 
W h i l e   t h e r e   h a v e   b e e n   shown  and   d e s c r i b e d   w h a t  

a r e   at   p r e s e n t   c o n s i d e r e d   to  be  t h e   p r e f e r r e d   e m b o d i m e n t s  
35  of  t he   i n v e n t i o n ,   i t   w i l l   be  o b v i o u s   to  t h o s e   s k i l l e d   in   t h e  

a r t   t h a t   v a r i o u s   c h a n g e s   and   m o d i f i c a t i o n s   may  be  m a d e  

t h e r e i n   w i t h o u t   d e p a r t i n g   f rom  t h e   s c o p e   o f t h e   i n v e n t i o n   a s  

d e f i n e d   by  t h e   a p p e n d e d   C l a i m s .  
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C L A I M S  

1  •  A  c o l o r   c a t h o d e   r a y   t u b e   c o m p r i s i n g :   a n  
o u t e r   g l a s s   e n v e l o p e   of   i n t e g r a t e d   f a c e   p a n e l ,   f u n n e l  
and  n e c k   p o r t i o n s ;   a  p h o s p h o r   s c r e e n   d e p o s i t e d   on  t h e  
i n n e r   s u r f a c e   of  t h e   f a c e   p a n e l ,   t h e   s c r e e n   c o m p r i s e d   of  a n  

5  a r r a y   of  d i s c r e t e   p h o s p h o r   e l e m e n t s ;   a t   l e a s t   one  e l e c t r o n  
gun  p o s i t i o n e d   in  t he   n e c k   f o r   d i r e c t i n g   an  e l e c t r o n   b e a m  
to  t h e   s c r e e n ;   and  an  a p e r t u r e   mask  p o s i t i o n e d   a d j a c e n t  
t h e   s c r e e n   f o r   d i r e c t i n g   t h e   beam  to  t h e   d e s i r e d   p h o s p h o r  
e l e m e n t s   on  t h e   s c r e e n ;   t he   t u b e   h a v i n g   an  a x i s   of  r o t a t -  

10  t i o n   d e s i g n a t e d   t h e   Z  a x i s ,   and  t o p ,   r i g h t   s i d e ,   b o t t o m  
and  l e f t   s i d e   s u r f a c e s   s u r r o u n d i n g   t h e   Z  a x i s ,   t he   s u r f a c e s  
( a s   s e e n   by  t h e   v i e w e r )   d e s i g n a t e d   t h e   12,  3,  6  and  9 
o ' c l o c k   s u r f a c e s ,   r e s p e c t i v e l y ;  

an  i n t e r n a l   m a g n e t i c   s h i e l d   p o s i t i o n e d  
15  b e t w e e n   t h e   mask  and  t h e   gun ,   t he   s h i e l d   c o m p r i s i n g   a  

b o w l -   s h a p e d   s t r u c t u r e   h a v i n g   a r i m   e x t e n d i n g   a r o u n d   t h e  
p e r i p h e r y   o f t h e   mask  and  a  s i d e w a l l   e x t e n d i n g   f rom  the   r i m  
r e a r w a r d   a l o n g   t he   i n n e r   s u r f a c e   of  t h e   f u n n e l   t o w a r d  
the   n e c k ,   t h e   s t r u c t u r e   t e r m i n a t i n g   f o r w a r d   of   t he   n e c k   t o  

20  d e f i n e   an  a p e r t u r e   f o r   p a s s i n g   t h e   beam  to  t h e   mask  a n d  
s c r e e n   ; 

c h a r a c t e r i z e d   in   t h a t   t h e   s h i e l d   has   a t   l e a s t  
one  s l o t - s h a p e d   o p e n i n g   in   b o t h   t h e   6  and   12  o ' c l o c k   s i d e s  
of  t h e   s t r u c t u r e ,   e a c h   o p e n i n g   a l i g n e d   in   t he   d i r e c t i o n   o f  

25  t he   Z  a x i s   of  t he   t u b e .  
2<  The  c a t h o d e   r a y   t u b e   of  C l a i m   1  in   w h i c h   t h e  
s t r u c t u r e   h a s   a  p a i r   of   s l o t s ,   t h e   f i r s t   o p e n i n g   l o c a t e d  
in   t he   c e n t r a l   p o r t i o n   of  t he   12  o ' c l o c k   s i d e   a b o v e   the   Z 
a x i s ,   and  t he   s e c o n d   o p e n i n g   l o c a t e d   in   t he   c e n t r a l  

30  p o r t i o n   of  t h e   6  o ' c l o c k   s i d e   b e l o w   t h e   Z  a x i s   a n d  
f a c i n g   t h e   f i r s t   o p e n i n g .  
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o  The  c a t h o d e   r a y   t u b e   of  C la im   2  in   w h x c h  

t h e   b f i w l - s h a p e d   s t r u c t u r e   e x t e n d s   t o w a r d   t h e   n e c k   f u r t h e r  

on  t h e   6  and   12  o ' c l o c k   s i d e s   t h a n   on  the   3  and   9  o ' c l o c k  

s i d e s .  

5  4.  The  c a t h o d e   r a y   t u b e   of   C l a i m   3  i n   w h i c h   f h e  

a p e r t u r e   i s   d e f i n e d   by  a p p r o x i m a t e l y   s t r a i g h t   6  and  1 2  

o ' c l o c k   e d g e s ,   and  by  o u t w a r d l y   and  u p w a r d l y   c u r v i n g   3 

a n d   9  o ' c l o c k   e d g e s ,   to  f o r m   an  o b l o n g - s h a p e d   a p e r t u r e  

h a v i n g   a  c e n t r a l   and  two  s i d e   p o r t i o n s ,   t he   c e n t r a l  

10  p o r t i o n   of  w h i c h   l i e s   in   a  p l a n e   n o r m a l   to  t h e   Z  a x i s ,  

and   t h e   s i d e   p o r t i o n s   of  w h i c h   l i e   in   s u r f a c e s   u p w a r d l y  

c u r v i n g   f rom  t he   n o r m a l   p l a n e .  

5#  The  c a t h o d e   r a y   t u b e   of  C la im   h  in   w h i c h   t h e  

s h i e l d   h a s   a  h e i g h t   f r o m   t h e   r i m   to  t he   s t r a i g h t   e d g e s  

15  of  t h e   a p e r t u r e   Hs  and  a  l e n g t h   a t   t he   r im  Lr ,   and  t h e  

s l o t s   h a v e   a  h e i g h t   h  w h i c h   i s   f r o m   a b o u t   50  to  95  p e r c e n t  

of   Hs,   and  a  w i d t h   w  w h i c h   i s   f r o m   a b o u t   1  to  10  p e r c e n t  

of   L a .  

6,  The  c a t h o d e   r a y   t u b e   of  C la im   5  in   w h i c h   t h e  

20  s h i e l d   h a s   a  w i d t h   a t   t h e   r i m   Wr,  and  the   a p e r t u r e   h a s   a  

w i d t h   Wa  w h i c h   i s   f r o m   a b o u t   k9  to  51  p e r c e n t   of  Vr ,   a n d  

a  l e n g t h   La  w h i c h   i s   f r o m   a b o u t   65  to  69  p e r c e n t   of  L r .  

7#  The  c a t h o d e   r a y   t u b e   of  C l a i m   6  in   w h i c h   t h e  

s h i e l d   h a s   a  h e i g h t   f r o m   t h e   r i m   to  t he   c u r v e d   e d g e s   of  t h e  

25  a p e r t u r e   He  w h i c h   i s   f r o m   a b o u t   85  to  90  p e r c e n t   of  H s .  

g#  The  c a t h o d e   r a y   t u b e   of  C la im   1  in   w h i c h   t h e  

a p e r t u r e   h a s   a  r a t i o   of   l e n g t h   La  to  w i d t h   Wa  of   f rom  a b o u t  

1 . 7   to  2.1  . 

9.  The  c a t h o d e   r a y   t u b e   of  C l a i m   8  in   w h i c h   t h e  

30  s t r u c t u r e   i s   c o m p r i s e d   of   a  c r i m p e d   f o i l   s h e e t   of  a  s o f t  

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

10.   A  m e t h o d   of  p r o d u c i n g   an  i n t e r n a l   m a g n e t i c  

s h i e l d   f o r   a  c o l o r   c a t h o d e   r a y   t u b e ,   t he   m e t h o d   c o m p r i s i n g ;  

f i r s t   f o r m i n g   a t   l e a s t   one  p a i r   of  s l o t s   in   a  f o i l   s h e e t   o f  

35  s o f t   m a g n e t i c   m a t e r i a l ;   and  t h e n   f o r c i n g   t h e   m a t e r i a l   o v e r   a  

b o w l - s h a p e d   mold  to  s t r e t c h   t h e   f o i l   s h e e t   i n t o   a  b o w l -  

s h a p e d   s t r u c t u r e .  
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11  The  m e t h o d   of   C l a i m   10  in   w h i c h   a f t e r  
s h a p i n g ,   an  a p e r t u r e   i s   f o r m e d   in   t h e   s t r u c t u r e .  
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