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Selective  density  printing  using  dot  matrix  print  heads  in  fixed  spatial  relation. 

(57)  The  dot  matrix  printer  comprises  a  plurality  of  print 
heads  with  each  print  head  printing  a  portion  of  the  line.  In 
order  to  obtain  quality  print,  alternate  print  head  (54)  are 
horizontally  aligned  with  respect  to  one  another  so  that  the 
dots  of  one  of  the  two  alternate  print  heads  prints  dots 
between  previously  printed  dots  of  the  other  of  the  alternate 
print  heads.  The  heads  would  be  controlled  to  print  over  two 
portions  of  the  line  whereby  quality  printed  dot  matrix 
characters  would  result. 
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T h e   dot  matrix  printer  comprises  a  plurality  of  print 
heads  with  each  print  head  printing  a  portion  of  the  line.  In 
order  to  obtain  quality  print,  alternate  print  head  (54)  are 
horizontally  aligned  with  respect  to  one  another  so  that  the 
dots  of  one  of  the  two  alternate  print  heads  prints  dots 
between  previously  printed  dots  of  the  other  of  the  alternate 
print  heads.  The  heads  would  be  controlled  to  print  over  two 
portions  of  the  line  whereby  quality  printed  dot  matrix 
characters  would  result. 



T h i s   i n v e n t i o n   r e l a t e s   to   d o t   m a t r i x   p r i n t e r s   and ,   m o r e  

p a r t i c u l a r l y ,   to   s e l e c t i v e l y   v a r y i n g   t h e   do t   d e n s i t y   a n d  

p r i n t   q u a l i t y .  

In  o r d e r   to   a c h i e v e   q u a l i t y   or   " p r e t t y "   p r i n t e d   c h a r a c t e r s ,  

one  r e l i e s   u p o n   a  r e l a t i v e l y   s m o o t h   c h a r a c t e r   c o n t o u r   i n  

a d d i t i o n   to   a  h i g h   c o n t r a s t   ( b l a c k / w h i t e )   r a t i o   b e t w e e n  

c h a r a c t e r   and  t h e   r e c o r d i n g   m e d i u m .   Where  a  c h a r a c t e r   i s  

f o r m e d   on  a  med ium  f rom  a  m a t r i x   of   d o t s   p r o d u c e d   by  a  w i r e  

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

f u n c t i o n   of   t h e   d o t   d e n s i t y .   In  t h i s   r e g a r d ,   c h a r a c t e r   c o n -  

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

among  t h e   d o t s   e s p e c i a l l y   in   t h e   v e r t i c a l   d i r e c t i o n .  

M a r t i n ,   e t   a l . ,   U S - A - 4 , 0 1 0 , 8 3 5   i s s u e d   8  March   1977 ,   d e s c r i b e s  

a  w i r e   m a t r i x   p r i n t   h e a d   a r r a n g e d   to  p r o v i d e   two  d i f f e r e n t  

p r i n t i n g   a r r a y s .   In  a  f i r s t   e m b o d i m e n t ,   t h e   p r i n t   w i r e s   a r e  

c o n t a i n e d   in   two  g u i d e s ,   one  of   w h i c h   can   be  t r a n s l a t i o n a l l y  

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

is   h e l d   in   a  f i x e d   p o s i t i o n .   In  a  s e c o n d   e m b o d i m e n t ,   t h e  

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

t he   p r i n t   w i r e s .   F u r t h e r ,   in   t h i s   p a t e n t   t h e   p r i n t   h e a d   i s  

t r a n s l a t e d   h o r i z o n t a l l y   f rom  l e f t   to   r i g h t   to  p r i n t   a c r o s s   a  

l i n e   on  a  d o c u m e n t .   P r i n t i n g   i s   e f f e c t e d   by  t h e   i m p a c t   o f  

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

ed  w i t h   a  s e p a r a t e   a c t u a t o r   a r r a n g e d   so  t h a t   when  t h e   a c t u a t -  

or  i s   e n e r g i z e d ,   t h e   a s s o c i a t e d   p r i n t   w i r e   is   d r i v e n   f o r w a r d  

to  i m p a c t   t h e   p a p e r .   An  i n k e d   r i b b o n   i s   i n t e r p o s e d   b e t w e e n  

t he   d o c u m e n t   ( r e c o r d i n g   m e d i u m )   and  t h e   p r i n t   w i r e s .   T h e  

i m p a c t   of   t h e   p r i n t   w i r e   on  t h e   r i b b o n   c a u s e s   a  d o t   to   b e  

p r i n t e d   a t   a  s e l e c t e d   p o i n t   on  t h e   d o c u m e n t .   By  e n e r g i z i n g  

c o m b i n a t i o n s   of  a c t u a t o r s ,   c o m b i n a t i o n s   of  p r i n t   w i r e s   can   b e  

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



In  t h e   p r i o r   a r t ,   i t   ha s   b e e n   c u s t o m a r y   to   f a b r i c a t e   a  s i n g l e  

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

p o r t i o n   of  t h e i r   e x t e n t .   T h i s   b e n d   c r e a t e s   a  l o n g   w i r e   p a t h  

s u b j e c t   to   b r e a k a g e   and  f r i c t i o n .   R e p l a c e m e n t   of   w i r e s   i n  

s u c h   a  head   i s   n o t   f e a s i b l e .   In  c o n t r a s t ,   a  r e l a t i v e l y   n e v e r -  

f a i l   p r i n t   h e a d   may  be  f a s h i o n e d   f rom  w i r e s   b e i n g   l a i d   in   a  

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

R e f e r e n c e   s h o u l d   be  made  to   U S - A - 4 , 2 8 4 , 0 0 1 ,   i s s u e d   18  A u g u s t  

1981  s h o w i n g   a  w i r e   m a t r i x   p r i n t e r   h a v i n g   a  p l u r a l i t y   o f  

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

r e l a t i o n s h i p .   In  t h i s   a r r a n g e m e n t ,   i t   i s   p o s s i b l e   f o r   a  

s l a n t   head   to   be  i n v o l v e d   w i t h   two  or  more  c h a r a c t e r s .   T h e  

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

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

p o i n t s   and  t h e   p r i n t   w i r e   m a t r i x .  

U S - A - 4 , 2 8 4 , 3 6 3 ,   i s s u e d   18  A u g u s t   1 9 8 1 ,   d e s c r i b e s   a  d o t   m a t r i x  

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

t a b l y   m o u n t e d   and  f r a m e d .   The  d o t   m a t r i x   p r i n t   h e a d   has   i t s  

w i r e s   a c t u a t e d   to   c a u s e   d o t s   t o   be  p r i n t e d   on  t h e   r e c o r d i n g  

med ium  w h i l e   t h e   p r i n t   h e a d   i s   l a t e r a l l y   moved  a c r o s s   t h e  

med ium,   t h e   c e n t e r s   o f   t h e   d o t s   b e i n g   s e p a r a t e d   by  a  g i v e n  

d i s t a n c e .   In  o r d e r   to   i m p r o v e   p r i n t   q u a l i t y ,   t h e r e   i s   i n -  

v o l v e d   t h e   i n s e r t i o n   o f   d o t s   b e t w e e n   p r e v i o u s l y   p r i n t e d   d o t s  

by  c o n t r o l l i n g   t h e   r o t a t i o n .  

The  t e c h n i c a l   p r o b l e m   s o l v e d   by  t h i s   i n v e n t i o n   i s   to   v a r y   t h e  

d e n s i t y   w i t h i n   p r i n t e d   d o t   m a t r i x   c h a r a c t e r s   by  s e l e c t i v e l y  

o v e r s t r i k i n g   t h e   same  med ium  p o s i t i o n   w i t h   t h e   same  c h a r a c t e r  

o r   a  p o r t i o n   t h e r e o f   p o s i t i o n a l l y   o f f s e t   in   a t   l e a s t   o n e  

d i r e c t i o n   w i t h o u t   r e q u i r i n g   t h a t   t h e   medium  be  moved  o r  

c o m p l e x   r o t a t i o n a l   h e a d   m o t i o n   be  i n v o l v e d .   The  s o l u t i o n  

i n v o l v e s   p a r t i t i o n i n g   e a c h   p r i n t   l i n e   e x t e n t   i n t o   s e v e r a l  

z o n e s   and  a s s i g n i n g   p r i n t   h e a d s   to   t h e   c o u n t e r p a r t   z o n e s ;  

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

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

medium  w i t h i n   i t s   z o n e   f o r   low  d e n s i t y   and  to   o v e r s t r i k e   a  



d e s i g n a t e d   p o s i t i o n   w i t h i n   a n o t h e r   z o n e   w i t h   a  p r e d e t e r m i n e d  

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

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

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

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

a t e d   by  a  g i v e n   d i s t a n c e .   C o r r e s p o n d i n g   w i r e s   of   one  of   t h e  

a l t e r n a t e   p r i n t   h e a d s   i s   h o r i z o n t a l l y   a l i g n e d   to  p r i n t   d o t s  

b e t w e e n   p r i n t e d   d o t s   of   t h e   o t h e r   of   t h e   a l t e r n a t e   p r i n t  

h e a d s .   A  v e r t i c a l   d i s p l a c e m e n t   or  o f f s e t   of   o n e - h a l f   c h a -  

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

t i c a l l y   p l e a s i n g   d o t   m a t r i x   c h a r a c t e r s .   For   low  d e n s i t y ,   t h e  

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

z o n e s   i s   n o t   r e a d i l y   d i s c e r n i b l e   to   t h e   e y e .   A d v a n t a g e o u s l y ,  

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

t h e   p r e f e r a b l y   g a n g e d   p r i n t   h e a d s .  

FIG.  1  i s   a  s i m p l i f i e d   s y s t e m   d i a g r a m   f o r   a  d o t   m a t r i x   p r i n t -  

er   s y s t e m   of   t h e   t y p e   w i t h i n   w h i c h   t h e   i n v e n t i o n   i s   c o n -  

t a i n e d ;  

FIG.  2  i l l u s t r a t e s   t h e   p r i n t e r   c o n s o l e   i n c l u d i n g   t h e   r e c o r d -  

i n g   medium  p r o p a g a t i o n   p a t h   in  r e l a t i o n   to  t h e   p r i n t   h e a d  

m e c h a n i s m ;  

FIG.  3  i s   a  f r o n t a l   v i e w   of   t h e   p r i n t e r   u n i t   in   t h e   c o n s o l e  

shown  in   FIG.  2 ;  

FIG.  4  i l l u s t r a t e s   f o u r   h e a d s   of   n i n e - w i r e   p e r   h e a d   p r i n t i n g  

b l o c k .  

FIG.  5  d e p i c t s   t h e   r e c o r d i n g   medium  p a r t i t i o n e d   i n t o   p r i n t  

z o n e s ;  

FIGS.  6  and  7  show  t h e   d o t   d i s t r i b u t i o n   in   low  and  h i g h  

d e n s i t y   p r i n t i n g .  



The  w i r e   m a t r i x   p r i n t e r   i s   s u b s t a n t i a l l y   o f   t h e   t y p e   d e s -  

c r i b e d   in   U S - A - 4 , 2 8 4 , 0 0 1 ,   i s s u e d   A u g u s t   18,  1 9 8 1 ,   w h i c h   i s  

i n c o r p o r a t e d   by  r e f e r e n c e .  

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

s y s t e m   c o n f i g u r a t i o n   i n c l u d i n g   a  h o s t   s y s t e m   1,  and  a  p r i n t e r  

s y s t e m   2.  The  p r i n t e r   s y s t e m   i n c l u d e s   a  c o n t r o l   u n i t   3  a n d  

an  a t t a c h m e n t   l o g i c   4.  Command  and  d a t a   s i g n a l s   a r e   p r o v i d e d  

by  t h e   h o s t   s y s t e m   to  p r i n t e r   c o n t r o l   u n i t   3  by  way  of   bus   5 .  

Command  and  c o n t r o l   s i g n a l s   a r e   o b t a i n e d   f rom  p r i n t e r   c o n t r o l  

u n i t   3  o v e r   t h e   p r i n t e r   a d a p t e r   4  by  way  o f   bus   6.  S t a t u s  

s i g n a l s   a r e   s u p p l i e d   by  t h e   p r i n t e r   c o n t r o l   u n i t   3  to   h o s t  

s y s t e m   1  o v e r   bus   5.  T y p i c a l l y ,   t h e   h o s t   s y s t e m   a p p l i e s  

s e q u e n c e s   o f   c o m m a n d s  a n d   d a t a   to   t h e   p r i n t e r   and  m o n i t o r s  

s t a t u s   i n   r e t u r n .   C o n t r o l   u n i t   3  r e c e i v e s   t h e   c o m m a n d s ,  

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

a t i o n .   C o n t r o l   u n i t   3  f u r t h e r   r e g u l a t e s   p r i n t i n g   and  s p a c i n g  

and  i n c l u d e s   l o c a l   d i a g n o s t i c s .   The  a d a p t e r   4  e x e c u t e s   d e -  

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

a c t u a t e s   p r i n t   w i r e s ,   d r i v e s   m o t o r s ,   s e n s e s   p r i n t e r   e m i t t e r s ,  

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

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

t h e   p r i n t   h e a d   c a r r i e r ,   t h e   o p e r a t o r   p a n e l ,   and  t h e   p r i n t e r  

s e n s o r s .   I t   s h o u l d   be  a p p r e c i a t e d   t h a t   t h e   p r i n t e r   c o n t r o l  

u n i t   3  and  a d a p t e r   4  i n c o r p o r a t e   one  or   more   m i c r o p r o c e s s o r s  

f o r   a n a l y z i n g   commands   and  d a t a   and  t o   r e g u l a t e   o p e r a t i o n s .  

FIGS.   2  and  3  i l l u s t r a t e   c o m p o n e n t s   of   t h e   p r i n t e r   h o u s e d   i n  

c o n s o l e   10.   A c c e s s   p a n e l s   or   c o v e r s   11,  12,  13  k e e p   a  r e l a t -  

i v e l y   c l e a n   i n d u s t r y   e n v i r o n m e n t .   Top  c o v e r   11  h a s   a  w i n d o w  

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

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

r e c o r d i n g   med ium  i s   p a p e r   15.  I t   i s   o b t a i n e d   f rom  a  s t o r e d  

s t a c k   16  and  i s   f e d   i n t o   an  u p w a r d l y   or   d o w n w a r d l y   t r a n s v e r s -  

i n g   p a p e r   p a t h   as  s e e n   i n   FIGS.   2  and  3  by  way  of   a  m e c h a n i c -  

al   a s s e m b l y   20  w h i c h   i n c l u d e s   one  or  more   s e t s   o f   t r a c t o r s   90  

and  91.  A  g u i d e   28  moves   t h e   p a p e r   a f t e r   p r i n t i n g   to   a  

t a k e u p   s t a c k   ( n o t   shown)   p o s i t i o n e d   b e l o w   t h e   p r i n t i n g   m e -  



c h a n i s m   and  to   t h e   r e a r   of   t h e   c o n s o l e .   The  p r i n t e r   i n c o r p o r -  

a t e s   a  p r i n t   a s s e m b l y   30  w h i c h   i s   p o s i t i o n e d   in   a  h o r i z o n t a l  

r e l a t i o n s h i p   w i t h   r e s p e c t   to   t h e   med ium  15  a t  a   p r i n t   s t a t i o n  

32.  The  p r i n t e r   r i b b o n   d r i v e   a s s e m b l y   40  i s   l o c a t e d   i n  

c l o s e r   p r o x i m i t y   to  t h e   f r o n t   of   t h e   p r i n t e r .   The  p r i n t e r  

c o n t r o l   u n i t   3  and  i t s   a s s o c i a t e d   m i c r o p r o c e s s o r s   a r e   s i -  

t u a t e d   b e h i n d   t h e   s i d e   c o v e r   1 3 .  

A  r i b b o n   41  i s   p r o v i d e d   on  one  of   t h e   s p o o l s   42  or   43.   E a c h  

r i b b o n   box  p r e f e r a b l y   c o n t a i n s   a  d i s p o s a b l e   r i b b o n   s h o e   4 6  

m o u n t e d   on  s p r i n g   a t t a c h m e n t   m e m b e r s   130  and  131  b e t w e e n  

p r i n t   a s s e m b l y   30  and  t h e   med ium  15  in   o r d e r   t o   m a i n t a i n  

r i b b o n   41  i n   p r o p e r   a l i g n m e n t   and  to  m i n i m i z e   i n k   s m u d g i n g   o n  

t h e   m e d i u m .   The  r i b b o n   moves   on  a  p a t h . i n   f r o n t   of   t h e   p r i n t  

h e a d   a r o u n d   p o s t s   125,   126,   127 ,   and  128 .   Two  m o t o r s   d r i v e  

r i b b o n   41  b a c k   and  f o r t h   b e t w e e n   s p o o l s   42  and  43.   T h e  

p r i n t e r   c o n t r o l   u n i t   3  d e t e c t s   r i b b o n   jams   and  end  of   r i b b o n  

c o n d i t i o n .   A  r i b b o n   jam  t u r n s   on  an  e r r o r   i n d i c a t o r   and  s t o p s  

p r i n t i n g .  

The  p r i n t e r   i n c l u d e s   an  o p e r a t o r   p a n e l   26  t h a t   c o n s i s t s   o f  

s e v e r a l   o p e r a t o r   c o n t r o l   k e y s ,   two  i n d i c a t o r   l i g h t s ,   a  p o w e r  
o n / o f f   s w i t c h ,   an  o p e r a t o r   p a n e l   d i s p l a y ,   and  a  d e n s i t y  

d i s p l a y .  

R e f e r r i n g   now  to  FIG.  4,  p r i n t   b l o c k   50  i n c l u d e s   f o u r   g r o u p s  
of   n i n e   p r i n t   w i r e s   52  and  a s s o c i a t e d   a c t u a t o r   ( n o t   s h o w n ) .  

P r i n t   b l o c k   50,  p r i n t   w i r e s   52,  and  t h e   p r i n t   a c t u a t o r s   a r e  
d e s c r i b e d   in   d e t a i l   in   E u r o p e a n   P a t e n t   A p p l i c a t i o n   N o .  

8 0 1 0 5 7 7 4 . 6 ,   " P r i n t e r   S u b s y s t e m   W i t h   M i c r o p r o c e s s o r   C o n t r o l " ,  

f i l e d   on  S e p t e m b e r   25,  1980 .   Each   g r o u p   of   n i n e   p r i n t   w i r e s  

52  i s   r e f e r r e d   to   as  a  p r i n t   h e a d   and  i s   r e s p e c t i v e l y   d e s i g n -  

a t e d   h e a d s   1  t h r o u g h   4.  Each   of   t h e   p r i n t   w i r e s   52  i s ,   i n  

t u r n ,   r e s p e c t i v e l y   n u m b e r e d   1  t h r o u g h   9,  v e r t i c a l l y   f rom  t o p  

to  b o t t o m   w i t h   w i r e s   1  t h r o u g h   5  b e i n g   on  a  f i r s t   s l a n t e d  

p a t h ,   s u c h   t h a t   a d j a c e n t   w i r e s   52  a r e   s e p a r a t e d   h o r i z o n t a l l y  

by  a b o u t   ( 0 . 2 0   i n c h e s )   and  v e r t i c a l l y   by  a b o u t   0 , 0 0 4 2   cm 

( 0 . 0 1 6 7   i n c h e s ) .   Any  n u m b e r   of  p r i n t   h e a d s   m a y  b e   u s e d ,   s u c h  

as  f o r   e x a m p l e   two,   f o u r   or  s e v e n .  



As  shown  in   FIG.  5,  a  v e r t i c a l   or   s l a n t   m a t r i x   p r i n t e r   h a v i n g  

two  h e a d s   54  in   gang   r e l a t i o n s h i p   e a c h   of   w h i c h   a r e   n o r m a l l y  

a s s i g n e d   to   a  p r e d e t e r m i n e d   z o n e   a l o n g   a  p r i n t   l i n e   e x t e n t .  

In  low  d e n s i t y   p r i n t i n g ,   t h e   g a n g   h e a d s   54  w o u l d   be  p o s i -  

t i o n e d   to  t h e   l e f t   o f   t h e   f i r s t   c h a r a c t e r   to   be  p r i n t e d   a n d  

i n c r e m e n t a l l y   moved  l e f t   to   r i g h t   u n t i l   t h e   h e a d s   we re   p o s i -  

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

u p o n   t h a t   l i n e .   At  t h i s   p o i n t ,   t h e   med ium  w o u l d   be  a d v a n c e d  

so  t h a t   t h e   gang   h e a d s   c o u l d   be  a c t u a t e d   f o r   p r i n t i n g   p u r -  

p o s e s   in   a  r i g h t   to   l e f t   d i r e c t i o n   f o r   t h e   n e x t   p r i n t   l i n e .  

The  u se   o f   m u l t i p l e   h e a d s   and  z o n e s   i n c r e a s e s   p r i n t   s p e e d  

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

d i s t a n c e .  

R e f e r r i n g   now  to   FIG.   6,  t h e r e   i s   shown  t h e   d e t a i l   of   t h e  

n o r m a l   low  v e r t i c a l   d e n s i t y   p r i n t i n g   w i t h i n   t h e   z o n a l   b o u n d -  

a r i e s .   T y p i c a l l y ,   a  h e a d   w i l l   p r i n t   d o t   m a t r i x   c h a r a c t e r s  

h a v i n g   0,5mm  ( . 0 2 0   i n c h )   s p a c i n g   t h e r e b e t w e e n   h o r i z o n t a l l y  

and  0,42mm  ( . 0 1 6 7   i n c h e s )   v e r t i c a l l y .   The  o t h e r   h e a d   i s  

v e r t i c a l l y   o f f s e t .   The  a m o u n t   of   v e r t i c a l   o f f s e t   i s   0 , 2 1 m m  

( . 0 0 8 3 3   i n c h e s ) .   T h i s   i s   a  h a l f   a  d o t   c h a r a c t e r   s p a c i n g .   F I G .  

7  shows  t h e   d e t a i l   o f   h i g h   q u a l i t y   p r i n t i n g   in   w h i c h   t h e  

h o r i z o n t a l   d o t   s p a c i n g   i s   0,25mm  ( . 0 1 0   i n c h e s )   and  t h e   v e r t i -  

c a l   d o t   s p a c i n g   i n   any  v e r t i c a l   row  i s   0,21mm  ( . 0 0 8 3 3   i n c h e s ) .  

Where   i t   i s   d e s i r e d   to   w r i t e   a  l i n e   of   q u a l i t y   p r i n t i n g   l e f t  

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

m o s t   h e a d   i s   to   t h e   l e f t   of   t h e   f i r s t   c h a r a c t e r .   A s s u m i n g  

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

l e f t   h e a d ,   a  c h a r a c t e r   as  shown  i n   t h e   r i g h t   m o s t   E  in   FIG.  7 

w o u l d   be  f i r s t   l a i d   o u t   a l l   a l o n g   t h e   p r i n t   e x t e n t   w h i l e   t h e  

s e c o n d   or  l e f t   m o s t   h e a d   w o u l d   o v e r s t r i k e   e a c h   c h a r a c t e r  

p o s i t i o n   w i t h   t h e   same  c h a r a c t e r   i n   t h e   same  o r d e r   b u t   o f f s e t  

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

p r i n t   d e n s i t y   shown  in   FIG.  7.  The  g a n g e d   p r i n t   h e a d   m o v e m e n t  

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

r i g h t   of  t h e   l a s t   c h a r a c t e r   a t   t h e   r i g h t   end   o f   t h e   l i n e   t o  

be  p r i n t e d .   The  p r i n t   r a t e   f o r   q u a l i t y   p r i n t i n g   i s   1 / n   o f  

t h e   d r a f t   p r i n t i n g ,   w h e r e   n  i s   t h e   n u m b e r   of   g a n g e d   h e a d s .  



S i g n i f i c a n t l y ,   t h e   g a n g e d   r e l a t i o n s h i p   among  t h e   h e a d s   i s   n o t  

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

s y n c h r o n i s m   of   d a t a   and  p o s i t i o n .   I t   w i l l   be  f u r t h e r   u n d e r -  

s t o o d   by  t h o s e   s k i l l e d   in   t h e   a r t   t h a t   t h e   a l t e r n a t e   p r i n t  

h e a d s   a r e   h o r i z o n t a l l y   a l i g n e d   w i t h   r e s p e c t   to  one  a n o t h e r   s o  

t h a t   t h e   d o t s   of   one  of   t h e   two  a l t e r n a t e   p r i n t   h e a d s   i m -  

p r i n t s   d o t s   b e t w e e n   p r e v i o u s l y   p r i n t e d   d o t s   of   t h e   o t h e r   o f  

t he   a l t e r n a t e   p r i n t   h e a d s .   The  h e a d s   a r e   c o n t r o l l e d   in   t h e  

q u a l i t y   p r i n t   mode  to   p r i n t   o v e r   two  p o r t i o n s   o f   t h e   l i n e  

w h e r e b y   q u a l i t y   p r i n t e d   d o t   m a t r i x   c h a r a c t e r s   r e s u l t .   By  

c o n t r o l l a b l y   p r i n t i n g   in   t h e   d r a f t   mode,   t h e   p r i n t   q u a l i t y   i s  

of  s p a r s e   d e n s i t y .  

I t   w i l l   be  f u r t h e r   u n d e r s t o o d   by  t h o s e   s k i l l e d   in   t h i s   a r t  

t h a t   v a r i o u s   o t h e r   c h a n g e s   i n   t h e   fo rm  and  d e t a i l s   may  b e  

made  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 p i r i t   and  s c o p e   o f  

t h e   i n v e n t i o n .  



l .   A  m e t h o d   f o r   v a r y i n g   t h e   d e n s i t y   w i t h i n   p r i n t e d   d o t  

m a t r i x   c h a r a c t e r s   by  s e l e c t i v e l y   o v e r s t r i k i n g   t h e   s a m e  

p r i n t   med ium  p o s i t i o n   w i t h   t h e   same  c h a r a c t e r   or  p o r t i o n  

t h e r e o f   p o s i t i o n a l l y   o f f s e t   in   a t   l e a s t   one  d i r e c t i o n ,  

c h a r a c t e r i z e d   by  t h e   s t e p s   o f :  

p a r t i t i o n i n g   e a c h   r e c o r d i n g   med ium  p r i n t   l i n e   e x t e n t  

i n t o   n  z o n e s   and  a s s i g n i n g   n  p r i n t   h e a d s   to   c o u n t e r p a r t  

z o n e s ;  

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

e a c h   o t h e r ;   a n d  

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

w i t h i n   i t s   z o n e   f o r   low  d e n s i t y   and  to   o v e r s t r i k e   a  

d e s i g n a t e d   p o s i t i o n   w i t h i n   a n o t h e r   z o n e   w i t h   a  p r e d e -  

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

2.  A  m e t h o d   a c c o r d i n g   to   c l a i m   1  w h e r e b y   t h e   p o s i t i o n i n g  

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

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

h a l f   d o t   c h a r a c t e r   o v e r l a p   r e l a t i o n .  

3.  Wire   m a t r i x   p r i n t e r   f o r   p r i n t i n g   a  l i n e   of   c h a r a c t e r s   o n  

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

p r i n t   h e a d s ,   e a c h   p o s i t i o n e d   to   p r i n t   a  p o r t i o n   of   t h e  

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

d o t s   s e p a r a t e d   by  a  g i v e n   d i s t a n c e ,   c h a r a c t e r i z e d   b y :  

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

b e i n g   h o r i z o n t a l l y   a l i g n e d   to   p r i n t   d o t s   b e t w e e n   p r i n t e d  

d o t s   of   t h e   o t h e r   o f   t h e   a l t e r n a t e   p r i n t   h e a d s ;   a n d  

s a i d   p r i n t e r   i n c l u d i n g   c o n t r o l   means   f o r   s e l e c t i n g  

w h e t h e r   e a c h   p r i n t   h e a d   i s   to   p r i n t   in   e i t h e r   one  or  t w o  

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