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©  DATA  DISPLAY  APPARATUS. 
A  data  display  apparatus  using  a  plurality  of  light- 

emitting  diodes  (19),  (20)  as  display  elements  to  display 
characters  or  figures  in  the  form  of  a  chain  of  dots.  The 
light-emitting  diodes  (19),  (20)  are  controlled  by  a  photoelec- 
tric  converter  circuit  (2)  and  by  pulse  oscillation  circuits  (4), 
(6)  that  are  connected  to  the  photoelectric  converter  circuit 
(2)  and  that  produce  pulse  signals  by  changing  the  ratio  of 
pulse  output  time  in  response  to  output  signals  of  the  circuit 
(2)  so  that  brightness  of  the  diodes  is  tuned  to  the  ambient 
brightness  (1).  A  level  detector  circuit  (8)  is  also  provided  to 
change  the  kinds  and  numbers  of  light-emitting  diodes  that 
are  to  be  driven. 



FIELD  OF  THE  INVENTION 

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

uses   s e v e r a l   l i g h t - e m i t t i n g   d i o d e s   (LEDs)  as  d i s p l a y  

e l e m e n t s .   S p e c i f i c a l l y   i t   c h a n g e s   number ,   k i n d s ,   r a d i a -  

t i o n   ( c o l o r s ) ,   and  b r i g h t n e s s   of  the   LEDs  so  as  to  i n c r e a s e  

d i s p l a y   v i s i b i l i t y .  

BACKGROUND  OF  THE  INVENTION 

A  c o n v e n t i o n a l   d a t a   d i s p l a y   a p p a r a t u s   t h a t   d i s p l a y s  

c h a r a c t e r s ,   f i g u r e s ,   p a t t e r n s ,   e t c . ,   u s i n g   s e v e r a l   LEDs 

a r r a y e d   in  a  do t   m a t r i x ,   is  l i a b l e   to  f l u c t u a t i o n s   i n  

d i s p l a y   a c c u r a c y ,   such  as  d a t a   c o n t e n t   v i s i b i l i t y ,   c a u s e d   by  

the  b r i g h t n e s s   l e v e l   of  the  LEDs  u s e d .  

Dur ing   the  day,   when  the  a m b i e n t   b r i g h t n e s s   is  h igh ,   t h e  

b r i g h t n e s s   of  t h e   LEDs  must   a l s o   be  h i g h   to  m a i n t a i n   t h e  

a p p r o p r i a t e   l e v e l   of  v i s i b i l i t y .   However ,   at  n i g h t ,   w h e n  

a m b i e n t   b r i g h t n e s s   is  low,  the   b r i g h t n e s s   of  t h e s e   LEDs  m u s t  

be  l o w e r e d   to  a v o i d   p o o r   v i s i b i l i t y   due  to  the   h a l a t i o n   o f  

d i s p l a y e d   c h a r a c t e r s ,   f i g u r e s ,   p a t t e r n s ,   e t c .  

M o r e o v e r ,   the   r a d i a t i o n   c o l o r   of  an  LED  i n f l u e n c e s   i t s  

v i s i b i l i t y :   fo r   e x a m p l e   at  n i g h t ,   a  red  c o l o r   has  l o w  

v i s i b i l i t y ,   w h i l e   g r e e n   or  y e l l o w   has  a  h i g h e r   v i s i b i l i t y .  

Dur ing   the  day,  red  has  high  v i s i b i l i t y   when  compared   w i t h  



g r e e n   or  y e l l o w .   T h e r e f o r e ,   a  da t a   d i s p l a y   a p p a r a t u s   t h a t  

u ses   LEDs,  must  have  i t s   LED  b r i g h t n e s s  a d j u s t e d   a c c o r d i n g  

to  the   a m b i e n t   b r i g h t n e s s   in  o r d e r   to  m a i n t a i n   a 

s a t i s f a c t o r y   l e v e l   of  v i s i b i l i t y .  

C o n s e q u e n t l y ,   a  method  has  been  p r o p o s e d   of  c h a n g i n g   t h e  

b r i g h t n e s s   of  the  LEDs  by  a d j u s t i n g   the  e l e c t r i c   c u r r e n t  

f l o w i n g   t h r o u g h   them.  This   method  u i l i z e s   the   f a c t   t h a t   t h e  

b r i g h t n e s s   of  LEDs  is  p r o p o r t i o n a l   to  the  c u r r e n t   f l o w i n g  

t h r o u g h   them.   The  p o t e n t i a l   drop  (Vf)  a c r o s s   an  LED,  is  a l s o  

i n f l u e n c e d   by  the  m a t e r i a l s   t h a t   make  up  the  LED. 

F u r t h e r ,   a  d a t a   d i s p l a y   a p p a r a t u s   t h a t   mixes   the  r a d i a t i o n  

c o l o r s   of  s e v e r a l   LEDs  and  t h a t   f l u c t u a t e s   the   e l e c t r i c  

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

b r i g h t n e s s   of  t h o s e   LEDs.  

A n o t h e r   method   has  been  p r o p o s e d   of  a u t o m a t i c a l l y   c h a n g i n g  

the   v o l t a g e   a p p l i e d   to  each  LED  a c c o r d i n g   to  the  a m b i e n t  

b r i g h t n e s s .   However ,   t h i s   method ,   r e q u i r e s   a  da t a   d i s p l a y  

a p p a r a t u s   w i t h   a  l a r g e   n u m b e r   of  LEDs,  to  have   a  l a r g e  

e l e c t r i c - c u r r e n t   c a p a c i t y .   This   in  t u r n   w i l l   lead  to  a n  

i n c r e a s e   in  a p p a r a t u s   s i z e   and  c o s t   as  we l l   as  c o m p l i c a t e d  

c o n s t r u c t i o n ,   which  may  d e t e r i o r a t e   i t s   r e l i a b i l i t y .  

Our  g o a l ,   t h e r e f o r e ,   is  to  p r o v i d e   a  d a t a   d i s p l a y   a p p a r a t u s  

t h a t   m a i n t a i n s   a  h igh  l e v e l   of  v i s i b i l i t y   by  a u t o m a t i c a l l y  

c h a n g i n g   t he   b r i g h t n e s s   of  each   LED  in  a c c o r d a n c e   w i th   t h e  

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



the  LEDs.  

A n o t h e r   goal   is  to  p r o v i d e   a  d a t a   d i s p l a y   a p p a r a t u s   w i t h  

high  d i s p l a y   v i s i b i l i t y   by  c h a n g i n g   the   number  and  the  k i n d s  

( r a d i a t i o n   c o l o r s )   of  LEDs  in  a c c o r d a n c e   w i th   the  a m b i e n t  

b r i g h t n e s s .  

DISCLOSURE  OF  THE  INVENTION 

A  da ta   d i s p l a y   a p p a r a t u s   in  a c c o r d a n c e   wi th   the  p r e s e n t  

i n v e n t i o n   h a v i n g   a  p h o t o - e l e c t r i c   c o n v e r t e r   c i r c u i t   t o  

c o n v e r t   the   a m b i e n t   b r i g h t n e s s   i n t o   an  e l e c t r i c   s i g n a l   i s  

c o n n e c t e d   to  one  or  more  of  the   n e x t - s t a g e   p u l s e   o s c i l l a t i o n  

c i r c u i t s .   These  o s c i l l a t i o n   c i r c u i t s   p r o d u c e   p u l s e   s i g n a l s  

in  r e s p o n s e   to  the   o u t p u t   s i g n a l   of  the   p h o t o e l e c t i r c  

c o n v e r t e r   c i r c u i t   by  c o n t r o l l i n g   the  p u l s e   o u t p u t   t ime   r a t i o  

( h e r e i n a f t e r   c a l l e d   du ty   c y c l e )   a l l o w i n g   the  LEDs  t o  

f u n c t i o n   o p t i m a l l y .   This   a l l o w s   the  b r i g h t n e s s   of  each  LED 

to  a u t o m a t i c a l l y   be  a d j u s t e d   to  the  a m b i e n t   b r i g h t n e s s .  

A  da t a   d i s p l a y   a p p a r a t u s   in  a c c o r d a n c e   wi th   the  p r e s e n t  

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

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

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

c o n v e r t e r   c i r c u i t   is  beyond  a  s p e c i f i e d   c u t o f f   p o i n t .   T h i s  

d e t e c t o r   c i r c u i t   e n a b l e s   c h a n g i n g   the   number  and  k i n d s  

( r a d i a t i o n   c o l l o r s )   of  LEDs  u s e d .  



BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

FIGURE  1  shows  a  p r e f e r r e d   d r a w i n g   of  the   da ta   d i s p l a y  

a p p a r a t u s .   In  FIGURE  1,  number  1  r e p r e s e n t s   the  l i g h t  

r a d i a t e d   from  the   d a t a   d i s p l a y   a p p a r a t u s   onto   t h e  

s u r r o u n d i n g s   of  the   LEDs.  Number  2  r e p r e s e n t s   t h e  

p h o t o e l e c t r i c   c o n v e r t e r   c i r c u i t   c o m p r i s e d   of  cadmium  s u l f i d e  

and  e l e c t r i c a l   c i r c u i t s .   Using  p h o t o t r a n s i s t o r s ,   t h e  

c o n v e r t e r   c i r c u i t   p l a c e s   i t s   o u t p u t   s i g n a l   at  o u t p u t  

t e r m i n a l   3  a f t e r   e i t h e r   r a i s i n g   or  l o w e r i n g   the  o u t p u t  

a c c o r d i n g   to  the   amoun t   of  l i g h t   the   p h o t o t r a n s i s t o r s  

r e c e i v e d .   To  t h i s   p h o t o e l e c t r i c   c o n v e r t e r   c i r c u i t   2,  bo th   a 

v o l t a g e   c o n t r o l   o s c i l l a t o r   4  and  a  l e v e l   d e t e c t o r   c i r c u i t   8 

are  c o n n e c t e d   so  t h a t   the   o u t p u t   s i g n a l   of  c i r c u i t   2  p l a c e d  

at  o u t p u t   t e r m i n a l   3  can  e n t e r   o s c i l l a t o r   4  and  c i r c u i t   8 

s i m u l t a n e o u s l y .  

Level   d e t e c t o r   c i r c u i t   8,  c o m p r i s e d   of  z e n e r   d i o d e s ,   p l a c e s  

i t s   h i g h - l e v e l   o u t p u t   a t   o u t p u t   t e r m i n a l   9  w h e n e v e r   i t  

d e t e c t s   t h a t   i n p u t   v o l t a g e   s e n t   f r o m   c i r c u i t   2  i s   in  e x c e s s  

of  a  s p e c i f i e d   c u t o f f   p o i n t .   O u t p u t   t e r m i n a l   9  of  d e t e c t o r  

c i r c u i t   8  is   c o n n e c t e d   to  b o t h   i n p u t   t e r m i n a l   10  of  v o l t a g e  

c o n t r o l   o s c i l l a t o r   4  and  one  i n p u t   t e r m i n a l   of  AND  g a t e   11 

so  t h a t   the   o u t p u t   s i g n a l   at  t e r m i n a l   9  can  e n t e r   o s c i l l a t o r  

4  and  the   AND  g a t e   s i m u l t a n e o u s l y .  

C o n c e r n i n g   the  o t h e r   i n p u t   t e r m i n a l   of  AND  g a t e   1 1 ,  

m o n o s t a b l e   m u l t i v i b a t o r   6  is  c o n n e c t e d   so  t h a t   i t s   o u t p u t  



s i g n a l   at  o u t p u t   t e r m i n a l   7  can  e n t e r   t h i s   i n p u t   t e r m i n a l .  

M o n o s t a b l e   m u l t i v i b r a t o r   6  is  a l s o   c o n n e c t e d   to  v o l t a g e  

c o n t r o l   o s c i l l a t o r   4  so  t h a t   i t s   own  o u t p u t   p u l s e   s i g n a l ,  

h a v i n g   du ty   t ime   l a p s e   ( t ) ,   can  be  p l a c e d   at  o u t p u t   t e r m i n a l  

7  at  the  l e a d i n g   edge  of  the  o u t p u t   s i g n a l   p l a c e d   a t  

t e r m i n a l   5  of  o s c i l l a t o r   4.  That   i s ,   v o l t a g e   f l u c t u a t i o n s  

which  a p p e a r   at  t e r m i n a l   3  of  c o n v e r t e r   c i r c u i t   2  c h a n g e   t h e  

o s c i l l a t i o n   f r e q u e n c y   s e n t   from  o s c i l l a t o r   4  at  t e r m i n a l   5. 

This   changed   o s c i l l a t i o n   f r e q u e n c y   c h a n g e s   the  d u t y   t i m e  

l a p s e   (t)  of  the   o u t p u t   p u l s e   of  m o n o s t a b l e   m u l t i v i b r a t o r   6 

p l a c e d   at  o u t p u t   t e r m i n a l   7.  This   p r o c e s s   c o n f i g u r e s   a 

p u l s e   g e n e r a t o r   c i r c u i t   t h a t   c h a n g e s   the  du ty   c y c l e  

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

c i r c u i t ,   an  LED  d r i v e r   c i r c u i t   is  c o n n e c t e d .  

In  the   e x a m p l e   shown   in  FIGURE  1,  two  t r a n s i s t o r s   13  and  14 

are   used  to  d r i v e   the   LEDs.  T r a n s i s t o r   13  is  d i r e c t l y  

c o n n e c t e d   to  m o n o s t a b l e   m u l t i v i b r a t o r   6  at  o u t p u t   t e r m i n a l   7 

and  t r a n s i s t o r  1 4   is  i n d i r e c t l y   c o n n e c t e d   to  m u l t i v i b r a t o r   6 

at  t e r m i n a l  7   v ia   AND  g a t e   11.  T h e r e f o r e ,   when  the  o u t p u t  

p u l s e   s i g n a l   s e n t   f rom  m u l t i v i b r a t o r   6  is  b e i n g   p l a c e d   a t  

the  base  of  t r a n s i s t o r s   13  and  14,  t h e s e   t r a n s i s t o r s   a r e  

c o n d u c t i v e   from  the  c o l l e c t o r   to  the   e m i t t e r .   To  t r a n s i s t o r  

13,  more  than  one  y e l l o w - c o l o r   r a d i a t i n g   LEDs  19  a r e  

c o n n e c t e d   t h r o u g h   s w i t c h   15  and  r e s i s t o r   17,  and  t o  

t r a n s i s t o r   14,  more  t han   one  r e d - c o l o r   r a d i a t i n g   LEDs  20  a r e  



c o n n e c t e d   t h r o u g h   s w i t c h   16  and  r e s i s t o r   18.  B o t h  

t r a n s i s t o r s   19  and  20  a re   p o w e r e d   by  a  s i n g l e   DC  p o w e r  

s u p p l y   2 1 .  

In  t h i s   t ype   of  c i r c u i t ,   when  s w i t c h   15  is  t u r n e d   on,  a n  

e l e c t r i c   c u r r e n t   s e n t   from  DC  power  s u p p l y   21,  f l o w s   t h r o u g h  

LED  19  f rom  the   anode  to  c a t h o d e ,   then   r e s i s t o r   17,  a n d  

s w i t c h   15,  and  f i n a l y   t r a n s i s t o r   13  from  i t s   c o l l e c t o r   t o  

e m i t t e r .   A f t e r   t h i s   the   c u r r e n t   goes  back  to  DC  p o w e r  

s u p p l y   21  at  i t s   minus  s i d e ,   thus   d r i v i n g   LEDs  19  by  t h e  

p u l s e   s i g n a l   t h a t   e n t e r s   t r a n s i s t e r   13  a t   i t   b a s e   to  e m i t  

the  y e l l o w   l i g h t .  

When  l e v e l   d e t e c t o r   c i r c u i t   8  sends   out  i t s   a c t i v e - l e v e l  

s i g n a l   a t   o u t p u t   t e r m i n a l   and,  s i m u l t a n e o u s l y ,   m o n o s t a b l e  

m u l t i v i b r a t o r   6  sends   out  i t s   o u t p u t   p u l s e   s i g n a l   a t  

t e r m i n a l   7,  AND  g a t e   11  p l a c e s   t he   p u l s e   s i g n a l   a t   t e r m i n a l  

12.  Then  t h i s   s i g n a l   e n t e r s   t r a n s i s t o r   14  at  i t s   b a s e ,  

c a u s i n g   i t   to  be  c o n d u c t i v e   from  the  c o l l e c t o r   to  e m i t t e r  

d u r i n g   t h e   p e r i o d   when  t h e   p u l s e   s i g n a l   a t   t h e   b a s e   o f  

t r a n s i s t o r   14  is  at  t h e  a c t i v e   l e v e l .   If  s w i t c h   16  is  o n ,  

an  e l e c t r i c   power  c u r r e n t   s e n t   from  DC  power   s u p p l y   21  a t  

i t s   p l u s   s i d e   f l o w s   t h r o u g h   LEDs  20  f rom  t h e   a n o d e   t o  

c a t h o d e ,   then   to  r e s i s t o r   18,  s w i t c h   16,  and  f i n a l l y  

t r a n s i s t o r   14  from  i t s   c o l l e c t o r   to  e m i t t e r .   Then  t h i s  

c u r r e n t   goes   back   to  the   DC  p o w e r   s u p p l y   a t   i t s   m i n u s   s i d e ,  

thus   d r i v i n g   LEDs  20  by  the  p u l s e   s i g n a l   t h a t   e n t e r s  



t r a n s i s t o r   14  at  i t s   base   to  emit   the  red  l i g h t .  

As  can  be  seen  from  the  above  d e s c r i p t i o n ,   t r a n s i s t o r s   13 

and  14  a r e   c o m b i n e d   to  s e p a r a t e l y   d r i v e   LEDs  19  and  20  w h i c h  

have  d i f f e r e n t   r a d i a t i o n   c o l o r s .  

FIGURE  2  is  a  t i m i n g   c h a r t   for   the   above  e x a m p l e .   The  

f o l l o w i n g   p a r a g r a p h s   e x p l a i n ,   based   on  t h i s   t i m i n g   c h a r t ,  

the  o u t p u t   p o t e n t i a l   and  wave fo rm  of  the  c o m p o n e n t   c i r c u i t s  

for   each   of  the  f o l l o w i n g   c a s e s :   (a)  where   the   amount   o f  

s u r r o u n d i n g   l i g h t   is  s m a l l ,   (b)  where   i t   is  r e l a t i v e l y  

l a r g e ,   (c)  where   i t   is  l a r g e ,   and  (d)  where   i t   is  v e r y  

l a r g e .  

When  the  amount   of  l i g h t   1  is  s m a l l ,   p h o t o e l e c t i r c   c o n v e r t e r  

c i r c u i t   2  p l a c e s   a  low  o u t p u t   p o t e n t i a l   at  o u t p u t   t e r m i a n l  

3.  This   c a u s e s   v o l t a g e   c o n t r o l   o s c i l l a t o r   4  to  send  a 

c o r r e s p o n d i n g l y   low  o u t p u t   f r e q u e n c y   to  o u t p u t   t e r m i n a l   5 .  

At  t he   same  t i m e ,   l e v e l   d e t e c t o r   c i r c u i t   8  d o e s   no t   p l a c e  

i t s   a c t i v e - l e v e l   o u t p u t   s i g n a l   at  o u t p u t   t e r m i n a l   9  in  c a s e  

(a).  Hence,   m o n o s t a b l e   m u l t i v i b r a t o r   6  sends   out  a  p u l s e  

s i g n a l   h a v i n g   a  c o r r e s p o n d i n g l y   low  du ty   c y c l e   at  o u t p u t  

t e r m i n a l   7.  When  t h i s   p u l s e   s i g n a l   e n t e r s   t r a n s i s t o r   13  a t  

i t s   b a s e ,   on ly   LEDs  19  a re   d r i v e n .   LEDs  19  in  t h i s   c a s e ,  

g ive   o f f   a  low  b r i g h t n e s s ,   c o r r e s p o n d i n g   to  the  low  a m b i e n t  

b r i g h t n e s s ,   b e c a u s e   of  the  low  du ty   c y c l e   d u r i n g   which  t h e y  

are  l i t .  

Next ,   where   l i g h t   1  is  r e l a t i v e l y   l a r g e ,   p h o t o e l e c t r i c  



c o n v e r t e r   c i r c u i t   2  p l a c e s   a  r e l a t i v e l y   h igh  o u t p u t   v o l t a g e  

at  o u t p u t   t e r m i n a l   3,  which  in  tu rn   c a u s e s   v o l t a g e   c o n t r o l  

o s c i l l a t o r   4  to  send  out  a  c o r r e s p o n d i n g l y   h igh   o u t p u t  

f r e q u e n c y   at  o u t p u t   t e r m i n a l  5 .   At  t h i s   t i m e ,   h o w e v e r ,  

l e v e l   d e t e c t o r   c i r c u i t   8  i s   not  o p e r a t i v e ,   so  no  a c t i v e - l e v e l  

o u t p u t   is  s e n t   f rom  i t .   M o n o s t a b l e   m u l t i v i b r a t o r   6 ,  

t h e r e f o r e ,   sends   out   a  p u l s e   s i g n a l   h a v i n g   a  c o r r e s p o n d i n g l y  

h i g h ' d u t y   c y c l e   at  o u t p u t   t e r m i n a l   7.  When  t h i s   p u l s e  

s i g n a l   e n t e r s   t r a n s i s t o r   13  at  i t s   b a s e ,   LEDs  19  are   d r i v e n .  

LEDs  19,  in  t h i s   c a s e ,   g ive   of f   a  h igh   b r i g h t n e s s  

c o r r e s p o n d i n g   to  the  r e l a t i v e l y   h igh   a m b i e n t   b r i g h t n e s s  

b e c a u s e   of  the  l a r g e   du ty   c y c l e   d u r i n g   wh:ch  t hey   are  l i t .  

Where  the   l i g h t   1  is  l a r g e   in  amoun t ,   p h o t o e l e c t r i c  

c o n v e r t e r   c i r c u i t   2  p l a c e s   a  h igh  o u t p u t   v o l t a g e   at  o u t p u t  

t e r m i n a l   3,  which   c a u s e s   v o l t a g e   c o n t r o l   o s c i l l a t o r   4  t o  

send  a  c o r r e s p o n d i n g l y   h igh   o u t p u t   f r e q u e n c y   to  o u t p u t  

t e r m i n a l  5 .   This   is  b e c a u s e   l e v e l   d e t e c t o r   c i r c u i t   8  i s  

o p e r a t i v e   and  s ends   i t s   a c t i v e - l e v e l   s i g n a l   to  o s c i l l a t o r   4 

at  t e r m i n a l   10.  Both  m o n o s t a b l e   m u l t i v i b r a t o r   6  and  AND 

g a t e   11,  t h e r e f o r e ,   send  p u l s e   s i g n a l s   h a v i n g   low  d u t y  

c y c l e s   to  o u t p u t   t e r m i n a l s   7  and  12  r e s p e c t i v e l y .   When 

t h e s e   two  t y p e s   of  p u l s e   s i g n a l s   s u b s e q u e n t l y   e n t e r  

t r a n s i s t o r s   13  and  14  at  t h e i r   base ,   both   LEDs  19  and  20 

are  d r i v e n .   LEDs  19  and  20,  d e s p i t e   the  low  du ty   c y c l e ,  

g ive   o f f   a  h igh   b r i g h t n e s s .   This  is  due  to  a  m i x t u r e   o f  



y e l l o w   and  red  c o l o r   e m i t t e d   from  LEDs  2 0 .  

Where  the  l i g h t   1  is  very   l a r g e ,   p h o t o e l e c t r i c   c o n v e r t e r  

c i r c u i t   2  p l a c e s   a  very   h igh  o u t p u t   v o l t a g e   at  o u t p u t  

t e r m i n a l   3,  which  in  t u r n   c a u s e s   v o l t a g e   c o n t r o l   o s c i l l a t o r  

4  to  send  out  a  c o r r e s p o n d i n g l y   h igh   o u t p u t   f r e q u e n c y   a t  

o u t p u t   t e r m i n a l  5 .   This   is  b e c a u s e   l e v e l   d e t e c t o r   c i r c u i t   8 

is  o p e r a t i v e   and  sends   i t s   a c t i v e   l e v e l   s i g n a l   to  o s c i l l a t o r  

4  at  t e r m i n a l   10.  Both  m o n o s t a b l e   m u l t i v i b r a t o r   6  and  AND 

g a t e   11  send  p u l s e   s i g n a l s   h a v i n g   h igh   du ty   c y c l e s   at  o u t p u t  

t e r m i n a l s   7  and  12  r e s p e c t i v e l y .   When  t h e s e   two  t y p e s   o f  

p u l s e   s i g n a l s   s u b s e q u e n t l y   e n t e r   t r a n s i s t o r s   13  and  14  a t  

t h e r i r   b a s e ,   both   LEDs  19  and  20  are   d r i v e n .   LEDs  19  a n d  

20,  in  t h i s   c a s e ,   have  h igh   duty   c y c l e s   and,  t h e r e f o r e ,   g i v e  

off   a  ve ry   h igh   b r i g h t n e s s .  

The  above  d e s c r i p t i o n   is  based   on  the  a s s u m p t i o n   t h a t   t h e  

f r e q u e n c y   s e n t   out  of  v o l t a g e   c o n t r o l   o s c i l l a t o r   4  at  o u t p u t  

t e r m i n a l   5  is   s e t   at  a  l e v e l   h i g h   e n o u g h  s o   t h a t   an  o p e r a t o r  

w i l l   no t   be  a b l e   to  c a t c h   t he   a l t e r n a t i n g   t u r n - o n   and  - o f f  

of  bo th   LEDs  19  and  2 0 .  

FIGURE  3  s h o w s   a  l a y o u t   d r a w i n g   of  LEDs  u s e d   in  a  d a t a  

d i s p l a y   a p p a r a t u s .   In  FIGURE  3,  numners   22  and  30  r e p r e s e n t  

y e l l o w - c o l l o r   r a d i a t i n g   LEDs  c o n n e c t e d   to  t r a n s i s t o r   13  a t  

the  c o l l e c t o r ,   t h r o u g h   r e s i s t o r   17  and  s w i t c h   15.  N u m b e r s  

31  and  39  r e p r e s e n t   r e d - c o l o r   r a d i a t i n g   LEDs  c o n n e c t e d   t o  

t r a n s i s t o r   14  at  the  c o l l e c t o r ,   t h r o u g h   r e s i s t o r   18  a n d  



s w i t c h   16,  as  shown  in  FIGURE  1.  T h e r e f o r e ,   a p p r o p r i a t e l y  

c o n n e c t i n g   and  b r e a k i n g   s w i t c h e s   16  and  17,  c o n n e c t e d   t o  

LEDs  19  and  20,  e n a b l e   the  t u r n i n g   on  of  the  d e s i r e d   LEDs  t o  

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

a l s o   e n a b l e s   c h a n g i n g   bo th   the  k i n d s   ( r a d i a t i o n   c o l o r s )   a n d  

number  of  LEDs  in  a c c o r d a n c e   w i t h   the  a m b i e n t   b r i g h t n e s s   t o  

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

i n c r e a s e d   d i s p l a y   v i s i b i l i t y .  

In  c o n t r a s t   to  t h i s   e x a m p l e ,   where   v o l t a g e   c o n t r o l  

o s c i l l a t o r   4  and  m o n o s t a b l e   m u l t i v i b r a t o r   6  are   i n t e g r a t e d  

i n t o   one  c o n p o n e n t   as  shown  in  FIGURE  1,  a n o t h e r   example   i s  

p o s s i b l e   t h a t   p r o v i d e s   an  i n t e g r a t e d   componen t   for   each  k i n d  

( r a d i a t i o n   c o l o r )   of  LED  and  t h a t   c h a n g e s   the  mixed  c o l o r   by  

c h a n g i n g   the  duty   c y c l e   of  each  k ind   ( r a d i a t i o n   c o l o r )   o f  

LED.  A n o t h e r   p o s s i b l e   e x a m p l e   is  the  use  of  t r a n s i s t o r s ,  

SCRs  ( s i l l i c o n - c o n t r o l l e d   r e c t i f i e r s ) ,   or  o t h e r  

s e m i c o n d u c t o r   e l e m e n t s   i n s t e a d   of  s w i t c h e s   15  and  16  and  t o  

employ  v a r i o u s   LED  r a d i a t i o n   c o l o r s   o t h e r   than   y e l l o w   a n d  

red  and  s i m u l t a n e o u s   s e l e c t i o n   of  one  or  more  r a d i a t i o n  

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

e a s i l y   c h a n g e s   both  the  k i n d s   ( r a d i a t i o n   c o l o r s )   and  n u m b e r  

of  LEDs  a c c o r d i n g   to  the  a m b i e n t   b r i g h t n e s s   w i t h o u t   c h a n g i n g  

the  v o l t a g e   a p p l i e d   to  them.  M o r e o v e r ,   t h i s   i n v e n t i o n   a l s o  

c o n t r o l s   t h e   d u t y   c y c l e   of  t h e   p u l s e s   w h i c h   d r i v e   the   LEDs 



so  t h a t   t h e i r   r a d i a t i o n   b r i g h t n e s s   can  be  a u t o m a t i c a l l y  

tuned   to  the   a m b i e n t   b r i g h t n e s s .  

POSSIBLE  INDUSTRIAL  APPLICATIONS 

A  d a t a   d i s p l a y   a p p a r a t u s   of  t h i s   type   q u a l i f i e s   i t s e l f   f o r  

use  in  t r a f f i c   s i g n a l   e q u i p m e n t ,   wh ich   r e q u i r e s   h i g h  

v i s i b i l i t y ,   and  in  c o n n e c t i o n   w i th   d i s p l a y   e q u i p m e n t   t h a t  

must  a t ' r a c t   the  a t t e n t i o n   of  o p e r a t o r s   by  c o n t r o l l i n g   t h e  

d i s p l a y   b r i g h t n e s s   or  c h a n g i n g   the  r a d i a t i o n   c o l o r s  

a c c o r d i n g   to  the  a m b i e n t   b r i g h t n e s s   at   an  i n s t a l l a t i o n   s i t e .  



1.  A  d a t a   d i s p l a y   a p p a r a t u s   which  c o m p r i s e s   a  p h o t o e l e c t r i c  

c o n v e r t e r   c i r c u i t   which  c o n v e r t s   the  r e c e i v e d   l i g h t   i n t o  

e l e c t r i c   s i g n a l s   and  p u l s e   o s c i l l a t i o n   c i r c u i t s   w h i c h  

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

c i r c u i t   to  change   the   du ty   c y c l e   of  the   o u t p u t   p u l s e s  

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

d u t y   c y c l e   of  the  o u t p u t   p u l s e s   when  the   a m b i e n t  

b r i g h t n e s s   is  low  and  to  i n c r e a s e   them  when  the   a m b i e n t  

b r i g h t n e s s   is  h igh   so  t h a t   LED  r a d i a t i o n   b r i g h t n e s s   c a n  

be  a u t o m a t i c a l l y   t uned   to  the  a m b i e n t   b r i g h t n e s s .  

2.  A  d a t a   d i s p l a y   a p p a r a t u s   in  a c c o r d a n c e   w i t h   c l a i m   1,  i n  

w h i c h   a  l e v e l   d e t e c t o r   c i r c u i t   is  a l s o   p r o v i d e d   t o  

p r o d u c e   an  a c t i v e - l e v e l   o u t p u t   s i g n a l   when  the  o u t p u t  

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

e x c e e d s   a  s p e c i f i e d   c u t o f f   p o i n t   so  t h a t   b o t h   the  k i n d s  

( r a d i a t i o n   c o l o r s )   and  number   of  LEDs  used  can  b e  

c h a n g e d .  








