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@  Circuit  for  Individually  controlling  the  color  of  the  font  and  background  of  a  character  displayed  on  a  color  tv  receiver  or 
monitor. 

@  An  8-bit  character  byte  is  fetched  from  a  random  access 
memory  (30)  and  applied  to  a  character  generator  (28).  An 
associated  8-bit  attribute  bit  is  also  fetched  from  the  random 
access  memory  (30)  and  applied  to  the  inputs  of  a  multiplex- 
er  (32).  Four  of  the  attribute  bits  designate  the  color  of  the 
font  of  a  character  to  be  displayed  on  a  TV  set  (14).  The 
remaining  four  attribute  bits  designate  the  background  color 
of  the  displayed  character.  The  eight  attribute  bits  are 
selectively  gated  to  the  outputs  of  the  multiplexer  (32)  under 
the  control  of  character  serial  dots  from  the  parallel-to-serial 
converter  (34)  as  red  (R),  green  (G)  and  blue  (B)  digital  color 
signals  which  are  applied  to  a  composite  video  signal 
generator  (38)  which  produces  a  composite  video  color 
signal.  The  colors  of  the  font  and  background  of  each 
individual  character  displayed  on  the  TV  set  (14)  thus  are 
independently  controlled  by  the  font  and  background  color 
bits. 
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T e c h n i c a l   F i e l d  

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

more  p a r t i c u l a r l y ,   to   a  c i r c u i t   f o r   i n d e p e n d e n t l y   c o n t r o l l i n g  

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

p l a y e d   on  t h e   c a t h o d e   r a y   t u b e   (CRT)  s c r e e n   e m p l o y e d   in   a  

c o n v e n t i o n a l   t e l e v i s i o n   r e c e i v e r   or   m o n i t o r   as  u s e d   in   a  d a t a  

p r o c e s s i n g   s y s t e m ,   s u c h   as  a  s m a l l   p e r s o n a l   c o m p u t e r ,   f o r  

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

B a c k g r o u n d   of  t h e   I n v e n t i o n  

In  a  d a t a   p r o c e s s i n g   s y s t e m ,   s u c h   as  a  s m a l l   p e r s o n a l   c o m -  

p u t e r ,   e m p l o y i n g   a  c o n v e n t i o n a l   t e l e v i s i o n   r e c e i v e r   or   a  

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

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

i n d e p e n d e n t l y   to   c o n t r o l   b o t h   t h e   c o l o r   of   t h e   c h a r a c t e r   f o n t  

and  c h a r a c t e r   b a c k g r o u n d   in   o r d e r   to   e n h a n c e   t h e   v i s u a l  

p r e s e n t a t i o n   of   e a c h   c h a r a c t e r .   A l s o ,   f o r   s e c u r i t y   r e a s o n s   o r  

f o r   p l a y i n g   c e r t a i n   TV  games ,   i t   i s   d e s i r a b l e   to   h a v e   t h e  

c a p a b i l i t y   of   m a k i n g   a  c h a r a c t e r   i n v i s i b l e   on  t h e   CRT  d i s p l a y  

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

t h e   c o n t r o l   c i r c u i t r y   of   t h e   CRT.  Such   a  r e s u l t   c o u l d   b e  

a c h i e v e d   i f   i t   w e r e   p o s s i b l e   to   make  t h e   c o l o r s   of   b o t h   t h e  

f o n t   and  b a c k g r o u n d   of  t h e   c h a r a c t e r   t h e   s a m e .  

In  t h e   p r i o r   a r t ,   e . g .   US  P a t e n t   3 , 9 1 1 , 4 1 8 ,   i t   i s   k n o w n  

i n d e p e n d e n t l y   to   c o n t r o l   t he   b a c k g r o u n d   c o l o r   of   a  w o r d  

c o n s i s t i n g   of  a  p l u r a l i t y   of  c h a r a c t e r s   by  i n s e r t i n g   a  b a c k -  

g r o u n d   c o l o r   code   in   t h e   s p a c e   b e t w e e n   a d j a c e n t   w o r d s ;   h o w e -  

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

c o n t r o l l e r   e x c e p t   in   t h e   s p e c i a l   c a s e   w h e r e   a  word  c o n t a i n s  

o n l y   one  c h a r a c t e r .   F u r t h e r m o r e ,   i t   i s   known  to  c o n t r o l   t h e  



c o l o r   of   t h e   e d g e   o r   b o r d e r   of   e a c h   c h a r a c t e r   d i f f e r e n t l y  

f r o m   t h e   b o d y   of   t h e   c h a r a c t e r ,   as  shown  in   US  P a t e n t   N o .  

3 , 9 8 4 , 8 2 8 .  

Summary   of   t h e   I n v e n t i o n  

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

c h a r a c t e r   code   w h i c h   i s   a p p l i e d   to   t h e   c o n t r o l   c i r c u i t s   o f  

t h e   CRT  f o r   e a c h   c h a r a c t e r ,   t h e r e   i s   a l s o   p r o v i d e d   an  8 - b i t  

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

m u l t i p l e x e r   or   c o l o r   v i d e o   c o n t r o l   u n i t   i n   t h e   d a t a   p r o c e s -  

s i n g   s y s t e m .   One  p a r t   o f   t h i s   a t t r i b u t e   c o d e   i s   d e d i c a t e d   t o  

t h e   c o l o r   o f   t h e   f o n t   ( " f o r e g r o u n d " )   o f   e a c h   c h a r a c t e r ,   a n d  

t h e   o t h e r   p a r t   of   t h e   code   i s   d e d i c a t e d   to   t h e   c o l o r   of   t h e  

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

f o n t   and  b a c k g r o u n d   of   e a c h   c h a r a c t e r   w i t h i n   a  w o r d   a r e  

i n d e p e n d e n t l y   c o n t r o l l e d .   The  two  p o r t i o n s   o f   t h e   c o d e   a r e  

i n d e p e n d e n t l y   s e l e c t a b l e   so  t h a t   a l l   p o s s i b l e   c o m b i n a t i o n s   o f  

f o n t   and  b a c k g r o u n d   c o l o r   a r e   p o s s i b l e .   In  p a r t i c u l a r ,   i f  

b o t h   t h e   f o n t   and  b a c k g r o u n d   c o l o r s   a r e   s e l e c t e d   to   be  t h e  

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

CRT  s c r e e n   i s   i n v i s i b l e   to   a  v i e w e r .  

F o r   a  b e t t e r   u n d e r s t a n d i n g   of   t h e   p r e s e n t   i n v e n t i o n ,   t o g e t h e r  

w i t h   o t h e r   and  f u r t h e r   a d v a n t a g e s   and   f e a t u r e s   t h e r e o f ,  

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

c o n n e c t i o n   w i t h   t h e   a c c o m p a n y i n g   d r a w i n g s .  

B r i e f   D e s c r i p t i o n   of   t h e   D r a w i n g s  

F i g u r e   1  i s   a  b l o c k   d i a g r a m   of  a  p o r t i o n   o f   a  d a t a   p r o c e s s i n g  

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

g e n e r a t e d   d i g i t a l   c o l o r   s i g n a l s   a r e   u s e d   to   c o n t r o l   t h e   c o l o r  

of   a l p h a - n u m e r i c   and   g r a p h i c   d a t a   d i s p l a y e d   on  t h e   s c r e e n   o f  

a  c o n v e n t i o n a l   TV  r e c e i v e r   or  m o n i t o r .  

F i g u r e   2  i s   a  c o m b i n e d   l o g i c   and  c i r c u i t   s c h e m a t i c   d i a g r a m   o f  

t h e   c o m p o s i t e   v i d e o   g e n e r a t o r   of   F i g u r e   1 .  



F i g u r e   3  i l l u s t r a t e s   t h e   m a n n e r   in   w h i c h   t h e   c o l o r   a t t r i b u t e  

b y t e   i s   a p p l i e d   to  t h e   v i d e o   i n f o r m a t i o n   m u l t i p l e x e r   t o  

p r o d u c e   t h e   i n d e p e n d e n t   f o n t   and  b a c k g r o u n d   d i g i t a l   c o l o r  

s i g n a l s .  

F i g u r e   4  i s   a  t i m i n g   d i a g r a m   i l l u s t r a t i n g   t h e   t i m e s ,   w i t h i n   a  
c h a r a c t e r   b l o c k ,   a t   w h i c h   t h e   r e s p e c t i v e   f o n t   c o l o r   a n d  

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

c u l a r   c h a r a c t e r .  

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

F i g u r e   1  i s   a  b l o c k   d i a g r a m   of   a  p o r t i o n   of   a  d a t a   p r o c e s s i n g  

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

and  g r a p h i c   d a t a ,   g e n e r a t e d   by  a  k e y b o a r d   or  o t h e r   c o m p o n e n t s  
of  t h e   s y s t e m ,   a r e   d i s p l a y e d   on  a  c a t h o d e   r a y   t u b e ,   s u c h   as  a  
c o n v e n t i o n a l   t e l e v i s i o n   r e c e i v e r   or   m o n i t o r .  

A  c e n t r a l   p r o c e s s i n g   u n i t   (CPU)  10  i s   c o n n e c t e d   to   a  t h r e e -  

s t a t e   s y s t e m   bus   12  i n c l u d i n g   a  8 - b i t   d a t a   b u s .   L e t   us  a s s u m e  

t h a t   a  c h a r a c t e r ,   s u c h   as  one  e n t e r e d   by  a  k e y b o a r d   c o u p l e d  
to  t h e   b u s ,   i s   to  be  d i s p l a y e d   on  t h e   c a t h o d e   r a y   t u b e   ( C R T )  
of  a  c o n v e n t i o n a l   TV  r e c e i v e r   14  d e s i g n e d   in   a c c o r d a n c e   w i t h  

t h e   N a t i o n a l   T e l e v i s i o n   S t a n d a r d s   C o m m i t t e e   (NTSC)  s t a n d a r d s .  

A  c o n v e n t i o n a l   CRT  c o n t r o l l e r   16,  s u c h   as  a  M o t o r o l a   6 8 4 5  

c h i p ,   c o n t r o l l e d   by  CPU  10  v i a   t h e   bus   12,  g e n e r a t e s   t h e  

CHARACTER  ADDRESS  on  o u t p u t   l i n e   18,  CHARACTER  SCAN  on  l i n e  

24,  and  t h e   t e l e v i s i o n   f r e q u e n c y   c o m p o n e n t s   on  l i n e s   20  a n d  

22.  T h e r e   a r e   p r o d u c e d   on  o u t p u t   l i n e   22  t h e   h o r i z o n t a l   a n d  

v e r t i c a l   s y n c h r o n i z i n g   p u l s e s   w h i c h   a r e   a p p l i e d   to   a  s y n c  
g e n e r a t o r   26  w h i c h   p r o d u c e s   -SYNC  and   +BURST  s i g n a l s .   A 

-BLANK  s i g n a l  i s   p r o d u c e d   on  l i n e   20,  and  t h e   s c a n n i n g   p u l s e s  

a re   p r o d u c e d   on  l i n e   24  and  a p p l i e d   to   a  c h a r a c t e r   g e n e r a t o r  

(ROM)  2 8 .  A n   8 - b i t   c h a r a c t e r   code   i s   f e t c h e d   f rom  a  r a n d o m  

a c c e s s   memory  (RAM)  30  a t   t h e   s p e c i f i e d   c h a r a c t e r   a d d r e s s .   An  

8 - b i t   a t t r i b u t e   code   i s   a l s o   f e t c h e d ,   and  f o u r   of   t h e s e   b i t s  

d e s i g n a t e   t h e   c o l o r   of   t h e   c h a r a c t e r   to   be  d i s p l a y e d ,   i . e . ,  



t h e   f o r e g r o u n d   c o l o r   of   t h e   c h a r a c t e r ,   as  o p p o s e d   to   t h e  

b a c k g r o u n d   c o l o r   of   t h e   c h a r a c t e r .   The  f o u r   c h a r a c t e r   c o l o r  

b i t s   a r e   a p p l i e d   to   a  m u l t i p l e x e r   (MUX)  32,  s u c h   as  a  7 4 L S 1 5 7  

c h i p ,   w h i c h   o u t p u t s   t h e   r e d   (R) ,   g r e e n   (G) ,   b l u e   (B)  a n d  

i n t e n s i t y   ( I )   s i g n a l s   f rom  w h i c h   t h e r e   i s   d e r i v e d   t h e   c o m p o -  
s i t e   v i d e o   c o l o r   s i g n a l   to   be  a p p l i e d   to   t h e   TV  r e c e i v e r .  

M u l t i p l e x e r   32  i s   u n d e r   t h e   c o n t r o l   of   t h e   s e r i a l   c h a r a c t e r  

d o t s   f rom  t h e   8 - t o - 1   p a r a l l e l - t o - s e r i a l   c o n v e r t e r   34  c o n -  

n e c t e d   to   t h e   o u t p u t   o f   t h e   c h a r a c t e r   g e n e r a t o r   28.  T h e  

d i g i t a l   R,  G,  B  and  I  s i g n a l s   on  t h e   o u t p u t   of   m u l t i p l e x e r   32  

a r e   a p p l i e d   as  i n p u t s   to   a  c o m p o s i t e   v i d e o   g e n e r a t o r   38  w h i c h  

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

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

m o d u l a t e d   by  an  R .F .   m o d u l a t o r   13,  by  TV  r e c e i v e r   14  t o  

d i s p l a y   t h e   c o l o r e d   c h a r a c t e r ,   or   as  i n p u t s   to   t h e   d r i v e r s   4 0  

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

d i r e c t l y   f rom  t h e   R,  G,  B  and   I  s i g n a l s   w i t h o u t   t h e   RF  m o d u -  

l a t i o n   r e q u i r e d   by  t h e   TV  r e c e i v e r   14,  b u t   w h i c h   r e q u i r e s  

e x t e r n a l l y   s u p p l i e d   s y n c h r o n i z i n g   and  b l a n k i n g   s i g n a l s .  

F i g u r e   2  i s   a  l o g i c   and   s c h e m a t i c   c i r c u i t   d i a g r a m   of   t h e  

c o m p o s i t e   v i d e o   g e n e r a t o r   38  o f   F i g u r e   1,  and  f u n c t i o n s  

d i r e c t l y   to   c o n v e r t   t h e   R,  G,  B  and  I  d i g i t a l   c o l o r   s i g n a l s  

on  t h e   o u t p u t   of   MUX  32  to   a  c o m p o s i t e   v i d e o   c o l o r   s i g n a l  

w h i c h   c an   be  u t i l i z e d   by  t h e   TV  r e c e i v e r   14  to   d i s p l a y   t h e  

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

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

l i n e   i s   UP,  i . e .   has   a  l o g i c a l   v a l u e   o f   1  (+5  v o l t s ) ,   w h e n  

t h e   i n d i c a t e d   s i g n a l   i s   p r e s e n t ,   and  i s   DOWN,  i . e .   has   t h e  

l o g i c a l   v a l u e   of   0  (0  v o l t ) ,   when  t h a t   s i g n a l   d o e s   n o t   e x i s t .  

The  c i r c u i t   o f   F i g u r e   2  c o n s i s t s   of   t h r e e   d i g i t a l   d e l a y  

d e v i c e s   in   t h e   fo rm  of   t h r e e   74LS74  e d g e - t r i g g e r e d   D - t y p e  

l a t c h e s   or   f l i p f l o p s   50,  52  and  54,  e a c h   of   w h i c h   has   a  D 

i n p u t ,   a  c l o c k   (CLK)  i n p u t ,   a  Q  s e t   o u t p u t ,   and  a  Q   r e s e t  

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

i n p u t s   to   an  8 - t o - 1   74LS151   m u l t i p l e x e r   56  t o   whose   o u t p u t   Y 



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

G,  R  a p p l i e d   to   i t s   SELECT  t e r m i n a l s   A,  B  a n d   C,  r e s p e c t i v e -  

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

c a r r i e r s   a p p e a r i n g   on  t h e   e i g h t   i n p u t s   of   t h e   m u l t i p l e x e r .  

The  0  i n p u t   t e r m i n a l   of   m u l t i p l e x e r   56  i s   g r o u n d e d   and  r e p r e -  
s e n t s   t h e   c o l o r   b l a c k ,   and  t h e   w h i t e   i n p u t   i s   c o n n e c t e d   to  +5  

v o l t s .   The  S  ( s t r o b e )   t e r m i n a l   of   t h e   m u l t i p l e x e r   c h i p   56  i s  

n o t   u s e d   and  i s   g r o u n d e d .  

A  1 4 . 3 1 8   MHz  c l o c k   s i g n a l   f rom  t h e   s y s t e m   bus   i s   a p p l i e d   t o  

t h e   CLK  t e r m i n a l   of   l a t c h e s   50  and  52,  and  i n v e r t e d   a n d  

a p p l i e d   to  t h e   CLK  t e r m i n a l   of   l a t c h   54.  The  s y s t e m   c l o c k  

s i g n a l   i s   a l s o   d i v i d e d   by  f o u r   in   a  f r e q u e n c y   d i v i d e r   58  t o  

p r o d u c e   t h e   3 . 5 8   MHz  ( a c t u a l l y   3 . 5 7 9 5 )   NTSC  c o l o r   s u b c a r r i e r  

s i g n a l .   A  d e l a y   of  one  c l o c k   p e r i o d   of  t h e   1 4 . 3 1 8   MHz  s i g n a l  

c o r r e s p o n d s   to   a  90°  p h a s e   s h i f t   of   t h e   3 . 5 8   MHz  s u b c a r r i e r .  

O n e - h a l f   of   t h e   1 4 . 3 1 8   MHz  c l o c k   p e r i o d   t h u s   c o r r e s p o n d   to   a  

45°  p h a s e   s h i f t   of   t h e   s u b c a r r i e r .   The  Q  or   0°  p h a s e   o u t p u t  

of   l a t c h   50  i s   a p p l i e d   to   t h e   D  i n p u t   of   l a t c h   52,  and  t h e   Q 

or  90°  d e l a y   o u t p u t   of   l a t c h   52  i s   a p p l i e d   to   t h e   D  i n p u t   o f  

l a t c h   5 4 .  

The  s u b c a r r i e r   s i g n a l   i s   s y n c h r o n i z e d   by  t h e   r i s i n g   e d g e s   o f  

t h e   c l o c k   s i g n a l .   B e c a u s e   of  t h e   i n h e r e n t   d e l a y   b e t w e e n   t h e  

i n p u t s   and  t h e   o u t p u t s   of   s u c h   D - t y p e   l a t c h e s ,   t h e   z e r o   p h a s e  

o u t p u t   of   l a t c h   50,  f o r   e x a m p l e ,   w i l l   be  s l i g h t l y   d e l a y e d  

f rom  i t s   D  i n p u t .   T h u s ,   when  t h e   Q  o u t p u t   o f   l a t c h   50  i s  

a p p l i e d   to  t h e   D  i n p u t   of   l a t c h   52,  i t   w i l l   no  be  up  f o r   t h e  

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

to  l a t c h   52.  T h u s ,   t h e   o u t p u t s   of   l a t c h   52  w i l l   be  d e l a y e d   b y  

n i n e t y   d e g r e e s   r e l a t i v e   to   t h o s e   of  l a t c h   50.  S i m i l a r l y ,   a  

45°  p h a s e   s h i f t   o c c u r s   b e t w e e n   t h e   o u t p u t s   of   l a t c h e s   52  a n d  

54;  t h a t   i s ,   when  t h e   Q  o u t p u t   of  l a t c h   52  g o e s   h i g h ,   t h e   Q 

o u t p u t   of  l a t c h   54  w i l l   go  h i g h   o n e - h a l f   of   t h e   1 4 . 3 1 8   MHz 

p e r i o d   l a t e r   to   p r o d u c e   t h e   45°  p h a s e   s h i f t .   The  same  o p e r a -  
t i o n   o c c u r s   f o r   t h e  Q   o u t p u t s   of   l a t c h e s   52  and  5 4 .  



Thus ,   and  as  i n d i c a t e d   by  t h e   l e g e n d s   in   F i g u r e   3,  t h e   t w o  

o u t p u t s   o f   l a t c h   or   f l i p - f l o p   50  p r o v i d e   a  3 . 5 8   MHz  c o l o r  

s u b c a r r i e r   s i g n a l   a t   b o t h ,   0°  p h a s e   s h i f t   ( y e l l o w ,   b r o w n ,  

b u r s t )   and  a l s o   180°  p h a s e   s h i f t   ( b l u e ,   b r i g t h   b l u e ) .   L a t c h  

52  d e l a y s   t h e   0°  p h a s e   s h i f t   s i g n a l   f rom  l a t c h   50  and  p r o v i -  

des  a  3 . 5 8   MHz  s i g n a l   a t   90°  p h a s e   s h i f t   ( r e d ,   p i n k )   and  a t  

270°  p h a s e   s h i f t   ( c y a n ,   b r i g h t   c y a n ) .   L a t c h   54  d e l a y s   t h e   9 0 °  

p h a s e   s h i f t   s i g n a l   f r o m   l a t c h   52  by  4 5 ° ,   and  i t s   o u t p u t s  

p r o v i d e   a  3 . 5 8  M H z   s i g n a l   a t   135°  p h a s e   s h i f t   ( m a g e n t a ,  

b r i g h t   m a g e n t a )   and  a t   315°  p h a s e   s h i f t   ( g r e e n ,   b r i g h t  

g r e e n ) .  

The  p h a s e - s h i f t e d   s u b c a r r i e r s   a t   t h e   o u t p u t   Y  of   m u l t i p l e x e r  

56  a r e   p a s s e d   t h r o u g h   a  b u f f e r   60  and  a  2 .2   K  r e s i s t o r   to   t h e  

summing  n o d e   62  c o n n e c t e d   to   t h e   b a s e   of   an  NPN  e m i t t e r -  

f o l l o w e r   t r a n s i s t o r   64  w h o s e   e m i t t e r - r e s i s t o r   o u t p u t   c o n t a i n s  

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

R.F .   m o d u l a t o r   13  to   t h e   i n p u t   t e r m i n a l s   o f   t h e   TV  r e c e i v e r  

14.  A l s o   c o n n e c t e d   t o   summing   n o d e   62  v i a   c o r r e s p o n d i n g  

b u f f e r   66,  68  and  69  and  c o r r e s p o n d i n g   summing   r e s i s t o r s  

h a v i n g   o h m i c   v a l u e s   of   3 . 3 K ,   13K  and  4 . 7 K   a r e   t h e   -SYNC  a n d  

-BLANK  s i g n a l s   f rom  t h e   CRT  c o n t r o l l e r   16  and  t h e   + INTENSITY 

( I )   s i g n a l   f rom  t h e   c o l o r   v i d e o   c o n t r o l   c i r c u i t   or  m u l t i -  

p l e x e r   32  of   F i g u r e   1.  I t   s h o u l d   be  n o t e d   t h a t   t h e   r e d ,  

g r e e n ,   b l u e   and   i n t e n s i t y   s i g n a l s   a r e   f o r c e d   low  d u r i n g  

b l a n k i n g   t i m e s .   The  OR  g a t e s   70  and  72  a r e   u s e d   to   s e l e c t   t h e  

3 . 5 8   MHz  0°  p h a s e   s h i f t   s i g n a l   d u r i n g   BURST  t i m e   to   p r o v i d e  

t h e   c o l o r   b u r s t   s i g n a l .   The  -SYNC  s i g n a l   i s   a  c o m p o s i t e   o f  

t h e   h o r i z o n t a l   and  v e r t i c a l   s y n c h r o n i z i n g   p u l s e s .   In  t h e  

s t e a d y   s t a t e   c o n d i t i o n ,   i . e .   when  t h e   T .V.   s c r e e n   i s   b l a c k ,  

t h e   Y  o u t p u t   i s   0,  -SYNC  i s   1,  -BLANK  i s   1,  and  I  i s   0 .  

F o l l o w i n g   i s   a  t r u t h   t a b l e   s h o w i n g   t h e   i n d i v i d u a l   p h a s e -  

s h i f t e d   c o l o r   s i g n a l s   w h i c h   a r e   o u t p u t t e d   by  m u l t i p l e x e r   56  

f o r   d i f f e r e n t   c o m b i n a t i o n s   of   t h e   +BLUE,  +GREEN  and  +RED 

s i g n a l s   on  t h e   m u l t i p l e x e r   t e r m i n a l s   A,  B  a n d   C,  r e s p e c t i v e -  

ly ,   and  f o r   1 = 0 .  



When  I = l ,   t h e   c o m p l e m e n t a r y   " b r i g h t e r "   c o l o r s   a re   p r o d u c e d .  

F i g u r e   3  shows  t h e   e i g h t   c o l o r   a t t r i b u t e   b i t s   a p p l i e d   to   t h e  

i n p u t s   of  t h e   7 4 L S 1 5 1   m u l t i p l e x e r   32  to   p r o d u c e   t h e   r e d   ( R ) ,  

g r e e n   (G),  b l u e   (B)  and  i n t e n s i t y   ( I )   d i g i t a l   c o l o r   s i g n a l s  

w h i c h   a r e   a p p l i e d   to   t h e   c o m p o s i t e   v i d e o   g e n e r a t o r   38  t o  

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

d e t a i l   w i t h   r e f e r e n c e   to  F i g u r e   2 . T h e   i n t e n s i t y   s i g n a l   ( I )  

p r o d u c e s   a  D . C .   l e v e l   w h i c h   p r o d u c e s   " b r i g h t e r "   v e r s i o n s   o f  

t h e   e i g h t   c o l o r s   w h i c h   a r e   d e r i v e d   f rom  t h e   t h r e e   b a s i c  

c o l o r s   of  b l u e ,   g r e e n   and  r e d .   The  e i g h t   c h a r a c t e r   c o l o r  

a t t r i b u t e   b i t s   ( f o u r   f o n t   or  f o r e g r o u n d   c o l o r   b i t s   and  f o u r  

b a c k g r o u n d   c o l o r   b i t s )   a re   a p p l i e d   to   t h e   i n p u t s   of   t h e  

m u l t i p l e x e r   32  and  a r e   s e l e c t i v e l y   s w i t c h e d   to  t h e   o u t p u t  

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

c h a r a c t e r   d o t s   f rom  t h e   p a r a l l e l   to   s e r i a l   c o n v e r t e r   3 4 .  

F i g u r e   3  i l l u s t r a t e s   t h e   f o r m a t   of   t h e   e i g h t   b i t   a t t r i b u t e  

code   w h i c h   i s   f e t c h e d   f rom  t h e   RAM  30  and  a p p l i e d   to   t h e  

m u l t i p l e x e r   3 2 .  

F i g u r e   4  i l l u s t r a t e s   t h e   r e l a t i v e   t i m i n g   of  t h e   f o r e g r o u n d  

( f o n t )   and  t h e   b a c k g r o u n d   c o l o r   s i g n a l s   in   t h e   h o r i z o n t a l   a n d  

v e r t i c a l   s c a n n i n g s   of   a  CRT  f o r   a  t y p i c a l   7x7  c h a r a c t e r   b l o c k  

f o r   t he   c h a r a c t e r   "A".   The  s h a d e d   a r e a s   r e p r e s e n t   f o n t   o r  

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

t i m e s .  



The  a t t r i b u t e   b y t e   a l s o   c an   be  u s e d   to   r e n d e r   a  c h a r a c t e r  

i n v i s i b l e   on  t h e   d i s p l a y   s c r e e n   by  c h o o s i n g   t h e   f o r e g r o u n d  

( f o n t )   and  b a c k g r o u n d   c o l o r s   to   be  t h e   s ame .   In  t he   p r i o r  

a r t ,   a  s e p a r a t e   DON'T  DISPLAY  c o d e   and  h a r d w a r e   were   r e q u i r e d  

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



1.  In  a  d a t a   p r o c e s s i n g   s y s t e m   i n c l u d i n g   a  memory  and  a  

c e n t r a l   p r o c e s s i n g   u n i t   f o r   c o n t r o l l i n g   a  c a t h o d e   r a y  
t u b e   c o n t r o l l e r   v i a   a  d a t a   bus   and  a l s o   i n c l u d i n g   a  

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

d i s p l a y   c o l o r e d   d a t a   on  a  d i s p l a y   s c r e e n   of   a  c a t h o d e  

r a y   t u b e   in   a  t e l e v i s i o n   r e c e i v e r   or  m o n i t o r ,   a  c i r c u i t  

f o r   p r o v i d i n g   i n d e p e n d e n t   c o n t r o l   of  t h e   c o l o r s   of   t h e  

f o n t   and  b a c k g r o u n d   d i s p l a y e d   on  t h e   t u b e   c h a r a c t e r i z e d  

in   t h a t   i t   c o m p r i s e s  :  

means   f o r   f e t c h i n g   f rom  t h e   r a n d o m   a c c e s s   memory  a  
c h a r a c t e r   code   and  an  a s s o c i a t e d   c h a r a c t e r   a t t r i b u t e  

code   c o n t a i n i n g   c h a r a c t e r   f o n t   c o l o r   b i t s   and  c h a r a c t e r  

b a c k g r o u n d   b i t s ;  

means   f o r   a p p l y i n g   to  t h e   m u l t i p l e x e r   s e r i a l   c h a r a c t e r  

d o t s   s e l e c t i v e l y   to  g a t e   t h e   f o n t   c o l o r   b i t s   and  b a c k -  

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

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

means   to  a p p l y   s a i d   c o m p o s i t e   v i d e o   s i g n a l   g e n e r a t o r   t o  

t h e   c a t h o d e   r a y   t u b e   to   d i s p l a y   t h e r e o n   a  c h a r a c t e r  

h a v i n g   f o n t   and  b a c k g r o u n d   c o l o r s   in   a c c o r d a n c e   w i t h   t h e  

g a t e d   b i t s .  

2.  The  i m p r o v e m e n t   of  c l a i m   1  f u r t h e r   c o m p r i s i n g   means   f o r  

m a k i n g   s a i d   f o n t   and  b a c k g r o u n d   c o l o r   b i t s   i d e n t i c a l   t o  

e a c h   o t h e r .  
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