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Multiple  mode  printing  system  and  method. 

<  

A  matrix  print  head  (9)  including  a  plurality  of  printing 
elements  (10-29)  arranged  in  one  or  more  straight  lines 
is  mounted  for  lateral  movement  across  a  print  line  at  more 
than  one  angle.  In  a  draft  mode  of  operation  (9)  the  angle 
is  chosen  to  provide  a  greater  spacing  between  printing 
elements  relative  to  the  print  line  than  is  realized  in  a  final, 
or  quality  mode  (9A)  wherein  the  angle  is  chosen  to  pro- 
vide  a  smaller  spacing  between  printing  elements  relative 
to  the  print  line.  The  print  head  operated  in  this  manner 
can  be  for  a  variety  of  different  printer  types,  for  example, 
a  wire  matrix  printer  or  an  ink  jet  printer. 



T e c h n i c a l   F i e l d   of  t h e   I n v e n t i o n  

T h i s   i n v e n t i o n   r e l a t e s   to   d e v i c e s   f o r   p r i n t i n g   d a t a .   M o r e  

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

p r o v i d i n g   a t   l e a s t   two  d e g r e e s   of   p r i n t i n g   q u a l i t y ,   a t  

d i f f e r e n t   s p e e d s ,   w i t h   a  p r i n t e r   u t i l i z i n g   a  m a t r i x   p r i n t  

h e a d .  

B a c k g r o u n d   A r t  

R e p r e s e n t a t i v e   of  t h e   c l o s e s t   known  p r i o r   a r t   a r e   P a t e n t  

US  -A-  4 , 0 3 1 , 9 9 2 :   IBM  T e c h n i c a l   D i s c l o s u r e   B u l l e t i n ,  

"PRINTER  TRANSPORT  MOTION  IMPEDIENT  PROTECTION",   V o l .   2 2 ,  

N o .  6 ,   p a g e s   2 4 3 3  -   35  ( N o v e m b e r ,   1 9 7 9 ) ; I B M   T e c h n i c a l  

D i s c l o s u r e   B u l l e t i n ,   "WIRE  PRINTER" ,   V o l .   22,  N o .  4 ,   p a g e s  
1 5 8 9  -   92  ( S e p t e m b e r ,   1 9 7 9 ) ;   IBM  T e c h n i c a l   D i s c l o s u r e  

B u l l e t i n ,   "INK  JET  HEAD",  V o l .   20,  N o .  2 ,   p a g e s   5 5 3  -   54  

( J u l y ,   1 9 7 7 ) .  

The  a b o v e - c i t e d   IBM  T e c h n i c a l   D i s c l o s u r e   B u l l e t i n   e n t i t l e d  

"PRINTER  TRANSPORT  MOTION  IMPEDIENT  PROTECTION"  shows   a  

r e p r e s e n t a t i v e   e x a m p l e   of  a  p r i o r   a r t   m a t r i x   p r i n t e r .   I n  

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

l i t y   of  p r i n t i n g   e l e m e n t s   a r r a n g e d   in   one  or   more   s t r a i g h t  

l i n e s .   T h i s   l i n e   of  p r i n t i n g   e l e m e n t s   i s   m o u n t e d   on  a  h e a d  

c a r r i e r   f o r   l a t e r a l   m o v e m e n t   a c r o s s   a  p r i n t   l i n e .   A 

p r i n t i n g   m e d i u m ,   f o r   e x a m p l e ,   p a p e r ,   i s   p o s i t i o n e d   so  t h a t  

an  i m a g e s   can   be  s e l e c t i v e l y   i m p a r t e d   f rom  t h e   i n d i v i d u a l  

p r i n t i n g   e l e m e n t s   r e l a t i v e   to   t h e   p a p e r   as  t h e   l i n e   o f  

p r i n t i n g   e l e m e n t s   i s   l a t e r a l l y   moved  a c r o s s   a  d e s i r e d   p r i n t  

l i n e   on  t h e   p a p e r .   F i g .   2  of   t h i s   a r t i c l e   shows   a  b l o c k  

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

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

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



so  t h a t   t h e   a p p r o p r i a t e   i m a g e s   of   t h e   c h a r a c t e r s   a r e   m a d e  

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

s u g g e s t e d   in   t h i s   a r t i c l e   i s   t h a t   of   w i r e   m a t r i x   i m p a c t  

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

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

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

f o r   p r i n t i n g   i s   e q u a l l y  a p p l i c a b l e   to   o t h e r " p r i n t i n g  

t e c h n o l o g i e s ,   f o r   e x a m p l e ,   i n k   j e t   p r i n t i n g   or   e l e c t r o -  

e r o s i o n   p r i n t i n g .  

In  m a t r i x   p r i n t e r s   of   t h i s   t y p e   t h e r e   a r e   s o m e t i m e s   p r i n t  

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

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

in  t h e   f o r m s   of   d o t s   or   t h e   l i k e   as  c o m p a r e d   w i t h   c o n t i n u o u s  

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

p r i n t i n g   t e c h n i q u e s ,   s u c h   as  s t a n d a r d   t y p e w r i t e r s .   The  IBM 

T e c h n i c a l   D i s c l o s u r e   B u l l e t i n   a r t i c l e   e n t i t l e d   "WIRE 

PRINTER"  shows   a  s i d e   v i e w   of   a  w i r e   m a t r i x   p r i n t   h e a d   i n  

F i g .   2  t h e r e o f .   From  t h i s   d r a w i n g   a n d ,   a l s o ,   F i g .   1  of   t h e  

IBM  T e c h n i c a l   D i s c l o s u r e  B u l l e t i n   a r t i c l e   m e n t i o n e d   a b o v e ,  

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

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

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

c o n s i s t   of  c o n t i n u o u s   l i n e s .  

The  IBM  T e c h n i c a l - D i s c l o s u r e   B u l l e t i n   a r t i c l e   e n t i t l e d   " I N K  

JET  HEAD"  shows  a  c o n f i g u r a t i o n   i n   F i g .   1  t h e r e o f   i n  

w h i c h   an  i n k   j e t   p r i n t   h e a d   i n c l u d e s   two  s e p a r a t e   c o l u m n s  

of  p r i n t i n g   e l e m e n t s   w i t h   t h e   p r i n t i n g   e l e m e n t s   in   o n e  

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

t h e   o t h e r   c o l u m n .   L a t e r a l   m o v e m e n t   of   t h i s   a r r a n g e m e n t  

a c r o s s   a  p r i n t   l i n e   m a k e s   p o s s i b l e   t h e   c o m p o s i t i o n   o f  

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

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

be  p o s s i b l e   w i t h   a  s i n g l e   c o l u m n   of   p r i n t i n g  e l e m e n t s .  

C l o s e l y   a s s o c i a t e d   w i t h   t h e   a p p r o a c h   i m m e d i a t e l y   d e s c r i b e d  

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

s i n g l e   c o l u m n   of   s p a c e d   p r i n t i n g   e l e m e n t s   in   c o n j u n c t i o n  



w i t h   more   t h a n   one  p a s s   a l o n g   t h e   p r i n t   l i n e   w i t h   t h e   p a p e r  

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

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

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

p r i n t i n g   e l e m e n t s   in   t h e   s i n g l e   c o l u m n   of  p r i n t i n g   e l e m e n t s  

of  t h e   p r i n t i n g   h e a d .   W i t h   t h i s   a p p r o a c h ,   h o w e v e r ,   t h e  

p r i n t i n g   t h r o u g h p u t   can   be  s e v e r e l y   r e d u c e d   by  t h e   n e c e s -  

s i t y   of  more   t h a n   one  p a s s   of  t h e   p r i n t   h e a d   a c r o s s   t h e  

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

In  many  a p p l i c a t i o n s ,   of   c o u r s e ,   i t   i s   n o t   n e c e s s a r y   t o  

a c h i e v e   p a r t i c u l a r l y   h i g h   p r i n t i n g   q u a l i t y .   T h i s   i s  

e s p e c i a l l y   so  when  p r i n t i n g   q u a l i t y   i s   c o m p a r e d   w i t h   s p e e d  

of  p r i n t i n g   as  d e s c r i b e d   in   t h e   p r i o r   a r t   e x a m p l e   a b o v e .  

T h u s ,   when  p r i n t i n g   i s  f o r   t h e   p u r p o s e   of   g e n e r a t i n g   r o u g h  

d r a f t   m a t e r i a l   t h a t   w i l l   be  p r i n t e d   a t   l e a s t   one  more   t i m e  

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

to  p r i n t   t h e   m a t e r i a l   in  e a s i l y   r e a d a b l e   f o r m ,   as  q u i c k l y  

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

i m p r o v e   upon   t h e   q u a l i t y   of  t h e   p r i n t i n g .   On  t h e   o t h e r  

h a n d ,   a f t e r   a l l   of   t h e   e d i t i n g   and  r e v i s i o n   h a s   t a k e n  

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

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

q u a l i t y   in  t h e   f i n a l   d o c u m e n t .  

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

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

q u a l i t y ,   p a t e n t   US  -A-  4 , 0 3 1 , 9 9 2   shows   a  w i r e   m a t r i x   p r i n t  

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

t h a t   in  a  f i r s t   v e r t i c a l   p o s i t i o n   a  c h a r a c t e r   s u c h   as  a  E 

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

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

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

w i r e s   i s   r o t a t e d   s l i g h t l y   o f f   of   t h e   v e r t i c a l   a x i s   so  t h a t  

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

an  a n g l e   of  l e s s   t h a t   90°  e x i s t s   b e t w e e n   t h i s   v e r t i c a l l y  

d i s p o s e d   l i n e   and  t h e   b o t t o m   h o r i z o n t a l   l i n e   of   t h e   E.  No 

o t h e r   d i f f e r e n c e   in  p r i n t i n g   q u a l i t y   a p p e a r s   to   be  s u g g e s -  
t e d   by  t h i s   p a t e n t .   T h a t   i s ,   in   t h e   e x a m p l e s   shown  of  t h e  



s t r a i g h t   and  s l a n t e d   v e r s i o n s   of   t h e   E,  t h e   same  n u m b e r   o f  

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

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

made  up  by  t h e   d o t s   p r i n t e d   by  t h e   w i r e s   h a v e   no  more   of   a  
c o n t i n u o u s   a p p e a r a n c e   in   t h e   s l a n t e d   E  as   c o m p a r e d   w i t h   t h e  

o t h e r   E  or  v i c e   v e r s a .  

I t   w o u l d ,   t h e r e f o r e ,   be  a d v a n t a g e o u s   to   u t i l i z e   t h e   u n i q u e  

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

r e l a t i v e l y   h i g h   s p e e d   d r a f t   mode  of  p r i n t i n g   or   a  h i g h e r  

q u a l i t y ,   f i n a l   mode  of   p r i n t i n g   a t   r e d u c e d   s p e e d ,   s u b j e c t  

to   t h e   o p e r a t o r ' s   c h o i c e .  

B r i e f   D e s c r i p t i o n   of   t h e   I n v e n t i o n  

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

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

t h a n   one  a n g l e   of   t h e  p r i n t i n g   e l e m e n t s   of   t h e   h e a d   r e l a t i v e  

to  t h e   p r i n t   l i n e .   In  a  d r a f t   mode  of   o p e r a t i o n   t h e   a n g l e  

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

e l e m e n t s   of  t h e   h e a d   r e l a t i v e   to   t h e   p r i n t   l i n e   t h a n   i s  

r e a l i z e d   in   a  f i n a l   mode  of   p r i n t i n g   w h e r e i n   t h e   a n g l e   i s  

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

e l e m e n t s   r e l a t i v e   t o  t h e   p r i n t   l i n e .  

The  p r i n t i n g   t e c h n o l o g i e s   to   w h i c h   t h e   i n v e n t i o n   i s   a p p l i -  

c a b l e   i n c l u d e s   w i r e   m a t r i x   p r i n t i n g   and  i n k   j e t   p r i n t i n g   a s  

two  e x a m p l e s .   In  one  of   t h e   p r e f e r r e d   e m b o d i m e n t s   a  s i n g l e  

c o l u m n   of  p r i n t i n g   e l e m e n t s   i s   d i s p o s e d   a t   a  90°  a n g l e  

r e l a t i v e   to   t h e   d e s i r e d   p r i n t i n g   l i n e .   As  t h e   h e a d   i s  

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

on  t h e   p a p e r   w i t h   a  p r e d e t e r m i n e d   f e w  o f   t h e   p r i n t i n g  

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

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

of   o p e r a t i o n   and  r e l a t i v e l y   h i g h   s p e e d   i s   r e a l i z e d   b y  

p r i n t i n g   two  l i n e s   a t   a  t i m e .   The  v e r t i c a l   s p a c i n g   b e t w e e n  
t h e   p r i n t i n g   e l e m e n t s   i s   r e l a t i v e l y   l a r g e   so  t h a t   t h e  
c h a r a c t e r s   a p p e a r   to   be  c o n s t r u c t e d   of   a  p l u r a l i t y   of   d o t s  



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

l i n e s .   H o w e v e r   t h i s   f a c t   i s   n o t   p a r t i c u l a r l y   o b j e c t i o n a b l e  
in  t h e   d r a f t   mode  w h e r e i n   h i g h   p r i n t i n g   s p e e d   i s   r e a l i z e d  

by  p r i n t i n g   two  l i n e s   w i t h   e a c h   s i n g l e   l a t e r a l   s w e e p   of  t h e  

h e a d   a c r o s s   t h e   p a p e r .   In  a  s e c o n d ,   or   f i n a l   q u a l i t y ,  

p r i n t i n g   mode  t h e   s i n g l e   l i n e   of  p r i n t i n g   e l e m e n t s   i s  

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

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

t e r s   a t   a  t i m e .   A l l   of  t h e   p r i n t i n g   e l e m e n t s   a r e   u t i l i z e d ,  

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

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

much  h i g h e r   q u a l i t y   p r i n t i n g   b e c a u s e   t h e   c h a r a c t e r   e l e m e n t s  

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

much  more   c l o s e l y   t o g e t h e r   in   t h e   v e r t i c a l   a x i s .   T h i s  

p r o v i d e s   a  p r i n t i n g   q u a l i t y   much  more   c l o s e l y   a s s o c i a t e d  

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

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

l i n e s .  

In  a n o t h e r   of  t h e   p r e f e r r e d   e m b o d i m e n t s   t h e   p r i n t   h e a d  

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

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

t h e   p r i n t i n g   e l e m e n t s   of  t h e   o t h e r   c o l u m n .   When  t h e   p r i n t  

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

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

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

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

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

w i t h   t h i s   t y p e   h e a d ,   and  h i g h   q u a l i t y   p r i n t i n g   i s   r e a l i z e d  

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

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

t h e   c h a r a c t e r ,   w h i c h   r e d u c e s   t h e   p r i n t i n g   s p e e d .   For   t h e  

d r a f t   mode  of  o p e r a t i o n   t h e   h e a d   i s   r o t a t e d   to   a n . a n g l e  

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

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

c o l u m n .   In  t h i s   mode  t h e   h e a d   can   be  s w e p t   l a t e r a l l y  

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

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

a r e   a  m u l t i p l e   of  t h e   maximum  r e p e t i t i o n   r a t e   of  a  s i n g l e  



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

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

t h e   f i n a l   mode  w i t h . t h i s   h e a d   c o n f i g u r a t i o n .  

The  f o r e g o i n g   and  o t h e r   o b j e c t s ,   f e a t u r e s ,   e x t e n s i o n s ,   a n d  

a d v a n t a g e s   of   t h e   i n v e n t i o n   w i l l   be  a p p a r e n t   f r o m   t h e  

f o l l o w i n g   more   p a r t i c u l a r   d e s c r i p t i o n   of   p r e f e r r e d   e m b o d i -  

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

d r a w i n g .  

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  

F i g .   1  shows  a  v i e w   of   t h e   end  of   a  m a t r i x   p r i n t   h e a d   o f  

t h e   t y p e   u s e d   w i t h   t h e   p r e s e n t   i n v e n t i o n .  

F i g .   2  shows   a  m a t r i x   p r i n t   h e a d   of  t h e   t y p e   shown  in  F i g .  

1  p o s i t i o n a b l e   in   e i t h e r   a  d r a f t   q u a l i t y  o r   a  f i n a l   q u a l i t y  

p r i n t i n g   m o d e .  

F i g .   3  shows   an  a l t e r n a t i v e   p r i n t   h e a d   c o n f i g u r a t i o n   p o s i -  

t i o n a b l e   in   e i t h e r   a  d r a f t   q u a l i t y  o r  a   f i n a l   q u a l i t y  

p r i n t i n g   m o d e .  

F i g .   4  shows  a  p r i n t   h e a d   m o u n t i n g   a r r a n g e m e n t   a d a p t e d   f o r  

m o v e m e n t   of   t h e   p r i n t i n g   e l e m e n t s   a t   more   t h a n   one  a n g l e  

r e l a t i v e   to   t h e   p r i n t   l i n e .  

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 s  

R e f e r r i n g   now  to   F i g .   1,  t h e   end  of  a  m a t r i x   p r i n t   h e a d   1 

i s   shown .   The  p r i n t   h e a d   may  be  a  w i r e   m a t r i x   p r i n t   h e a d ,  

an  Ink   j e t   p r i n t   h e a d ,   or   t h e   p r i n t i n g  h e a d   of   any  t y p e  

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

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

c o n s t r u c t   i m a g e s   s u c h   as   a l p h a n u m e r i c   c h a r a c t e r s .   F o r  

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

d e s c r i p t i o n   i t   w i l l   be  a s s u m e d   t h a t   t h e   p r i n t   h e a d   1  i s   o f  

t h e   w i r e   m a t r i x   t y p e   a l t h o u g h   t h e   i n v e n t i o n ,   of   c o u r s e ,   i s  

n o t   so  l i m i t e d .  



The  i n d i v i d u a l   p r i n t i n g   e l e m e n t s   of  t h e   p r i n t   h e a d   1  a r e  

t h e   p r i n t   w i r e s   2  t h r o u g h   8.  W h i l e   s e v e n   w i r e s   a r e   s h o w n  

f o r   t h e   p u r p o s e s   of  i l l u s t r a t i o n   in   F i g .   1  i t   w i l l ,   o f  

c o u r s e ,   be  u n d e r s t o o d   t h a t   any  n u m b e r   of  w i r e s   may  be  u s e d  

to  p r o d u c e   c h a r a c t e r s   of  v a r i o u s   s i z e   and  q u a l i t y .   T h e  

s p a c i n g   b e t w e e n   t h e   w i r e s   in   t h e   v e r t i c a l   a x i s   i s   shown  a s  

dV.  To  p r i n t   a  c h a r a c t e r   on  p a p e r   w i t h   t h i s   t y p e   p r i n t  

h e a d   an  ink   r i b b o n   ( n o t   shown)  may  be  i n t e r p o s e d   b e t w e e n  

t h e   head   1  and  t h e   p a p e r .   Head  1  i s   t h e n   moved  l a t e r a l l y  

in  t h e   d i r e c t i o n   i n d i c a t e d   by  t h e   a r r o w   X  and  t h e   i n d i v i d u a l  

p r i n t i n g   e l e m e n t s   2-8  a r e   s e l e c t i v e l y   e n e r g i z e d   in  s y n c h r o -  
n i z a t i o n   w i t h   t h i s   m o v e m e n t   to   p r o d u c e   a  p l u r a l i t y   o f  

g r a p h i c a l   e l e m e n t s   in   t h e   f o rm  of  d o t s ,   or  t h e   l i k e ,   t o  

c o n s t r u c t   t h e   c h a r a c t e r .   In  F i g s   1  -   3  t h e   c h a r a c t e r   " F "  

i s   shown  f o r   i l l u s t r a t i v e   p u r p o s e s ,   as  i t   w o u l d   a p p e a r  
a f t e r   l a t e r a l   m o v e m e n t   of  t h e   p r i n t   h e a d   a l o n g   t h e   X  a x i s .  

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

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

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

e q u a l   to   dV.  H o w e v e r ,   dH  may  v a r y   o v e r   a  w i d e   r a n g e   and  i s  

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

by  p r i n t i n g   e l e m e n t   a c t u a t i o n   t i m i n g .   T h u s ,   dH  =  dV  i s   n o t  

a  r e q u i r e m e n t .  

F i g .   2  shows   a  m a t r i x   p r i n t   h e a d   of  t h e   t y p e   shown  in  F i g .  

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

to  p r o v i d e   e i t h e r   a  d r a f t   q u a l i t y   or   a  f i n a l   q u a l i t y  

p r i n t i n g   mode.   The  p r i n t   h e a d   9  i n c l u d e s   t h e   20  p r i n t i n g  

e l e m e n t s   1 0  -   29.  In  a  d r a f t   mode  p o s i t i o n   of   p r i n t   h e a d  

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

h e a d   9  i s   moved  in  a  l a t e r a l   d i r e c t i o n   as   i n d i c a t e d   by  t h e  

a r r o w   X  i s   s u b s t a n t i a l l y   p e r p e n d i c u l a r .   T h u s ,   w i t h   t h e   20  

p r i n t i n g   e l e m e n t s   shown  t h e   p r i n t i n g   of   two  p r i n t   l i n e s ,  

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

p a s s   of  p r i n t   h e a d   9  a c r o s s   t h e   p r i n t i n g   m e d i u m .   E i g h t   o f  

t h e   20  p r i n t i n g   e l e m e n t s   a r e   u s e d   in  p r i n t i n g   e a c h   of  t h e s e  

two  l i n e s   and  f o u r   of  t h e   p r i n t i n g   e l e m e n t s   a r e   u n u s e d   i n  

t h e   d r a f t   mode  p o s i t i o n   to   p r o v i d e   a  s p a c i n g   h  b e t w e e n   t h e  

two  p r i n t   l i n e s .   Wi th   t h e   h o r i z o n t a l   d i s t a n c e   b e t w e e n  



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

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

c h a r a c t e r s   m a y  b e   p r i n t e d   in   e a c h   of   t h e   two  l i n e s   h a v i n g  
t h e   q u a l i t y   of   t h e   F  shown  as  an  e x a m p l e   in   t h e   u p p e r   l e f t  

p o r t i o n   of   F i g .   2.  T h i s   i s   a  h i g h   s p e e d   p r i n t i n g   m o d e ,  

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

t h e   p r i n t   h e a d   9 .  

In  F i g .   2  t h e   p r i n t   h e a d   i s   shown  r o t a t e d   i n t o   a  f i n a l   m o d e  

p o s i t i o n   as  i n d i c a t e d   by  9A.  An  e x a m p l e   of   t h e   F  p r i n t e d  
in  t h i s   mode  i s   shown  in   t h e   u p p e r   r i g h t   p o r t i o n   of  F i g .   2 ,  

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

e l e m e n t s   i s   m a i n t a i n e d   e q u a l   to   t h e   new  v e r t i c a l   d i s t a n c e  

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

p r i n t   h e a d   in   t h i s   p o s i t i o n   i s   f a r   s u p e r i o r   to   t h e   q u a l i t y  

of  t h e   c h a r a c t e r s   shown  w i t h   t h e   p r i n t   h e a d   r o t a t e d   b a c k  

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

p r i n t   l i n e   in   t h e   d r a f t   mode  p o s i t i o n .   I t   w i l l   a l s o   b e  

a p p a r e n t   t h a t   s i n c e   t h e   p r i n t   h e a d   9A  in  t h e   f i n a l   m o d e  

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

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

l i n e s   may  be  p r i n t e d   in   t h e   f i n a l   mode  p o s i t i o n   i s ,   a t  

m o s t ,   o n l y   o n e - h a l f   t h e   s p e e d   a t   w h i c h   a  p a g e   of   N  l i n e s  

may  be  p r i n t e d   i n  t h e   d r a f t   mode  p o s i t i o n .   The  s p e e d   i n  

t h e   f i n a l   mode  p o s i t i o n   may  be  r e d u c e d   b e l o w   o n e - h a l f   b y  

t h e   f a c t   t h a t   i t   m a y  b e   n e c e s s a r y   to   l a t e r a l l y  s w e e p   t h e  

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

on  t h e   r a t e   a t   w h i c h   t h e   p r i n t i n g   e l e m e n t s   may  be  a c t i v a t e d  

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

R e f e r r i n g   now  to   F i g .   3  an  a l t e r n a t e   e m b o d i m e n t   of  t h e  

i n v e n t i o n   i s   shown  w h e r e i n   a  p r i n t   h e a d   30  i s   c o m p r i s e d   o f  

two  p a r a l l e l   c o l u m n s   of   p r i n t i n g   e l e m e n t s .   A  f i r s t   c o l u m n  

i n c l u d e s   t h e   e i g h t   p r i n t i n g   e l e m e n t s   3 1  -   38  and  t h e  

s e c o n d   c o l u m n   i n c l u d e s  t h e   e i g h t   p r i n t i n g   e l e m e n t s   4 1  -   4 8 .  

The  s e c o n d   c o l u m n   i s   d o w n w a r d l y   d i s p l a c e d   by  h a l f   t h e  

d i s t a n c e   b e t w e e n   t h e   p r i n t i n g   e l e m e n t s   so  t h a t   as  t h e   p r i n t  
h e a d   30  i s   s w e p t   l a t e r a l l y   a c r o s s   t h e   p r i n t   l i n e   in   t h e   X 



a x i s   t h e   p r i n t i n g   e l e m e n t s   of   t h e   two  c o l u m n s   may  b e  

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

in  t h e   F  a d j a c e n t   p r i n t   h e a d   30.  In  t h e   e m b o d i m e n t   of  F i g .  

3  t h e   p r i n t   h e a d   30  i s   p o s i t i o n e d   in   t h e   f i n a l   p r i n t i n g  

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

t h e   p r i n t   l i n e   or  X  a x i s .  

R o t a t i o n   of  t h e   p r i n t   h e a d   t h r o u g h   a n g l e   B  p o s i t i o n s   t h e  

p r i n t   h e a d ,   now  d e s i g n a t e d   30A,  f o r   p r i n t i n g   in   t h e   d r a f t  

mode .   In  t h i s   mode  p a i r s   of   p r i n t i n g   e l e m e n t s   of  d i f f e r e n t  

c o l u m n s   a r e   a l i g n e d   p a r a l l e l   to   t h e   p r i n t   l i n e   or  X  a x i s   s o  

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

b e c o m e s   much  g r e a t e r   on  t h e   p r i n t   l i n e   t h a n   when  t h e   p r i n t  

h e a d   i s   in  t h e   f i n a l   mode  p o s i t i o n .   I n s t e a d   of  16  p r i n t i n g  

e l e m e n t s   b e i n g   u s e a b l e   in  t h e   v e r t i c a l   a x i s   in   t h e   f i n a l  

mode  p o s i t i o n ,   t h e   d r a f t   mode  p o s i t i o n   of   p r i n t   h e a d   30A 

has   o n l y   e i g h t   p r i n t i n g   e l e m e n t s   u s e a b l e   in  t h i s   mode .   I t  

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

p o s i t i o n   i s   s u b s t a n t i a l l y   s m a l l e r   t h a n   t h e   F  p r i n t e d   in  t h e  

f i n a l   mode  p o s i t i o n .   The  p r i n t i n g   s p e e d ,   h o w e v e r ,   can   b e  

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

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

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

g r e a t   as  i f   a  s i n g l e   c o l u m n   of   e l e m e n t s   w e r e   o p e r a t e d   i n  

t h i s   m a n n e r .  

F i g .   4  shows   a  s c h e m a t i c a l l y   e m b o d i m e n t   of  a  m a t r i x   p r i n t  

h e a d   50  m o u n t e d   on  a  m a t r i x   p r i n t   h e a d   c a r r i e r   51.  C a r r i e r  

51  i s   s l i d e a b l y   m o v e a b l e   a l o n g   a  r a i l   52  as  i n d i c a t e d   b y  

t h e   a r r o w   X.  The  p r i n t   l i n e s   a r e   a l s o   p r i n t e d   in   t h e  

d i r e c t i o n   i n d i c a t e d   by  X.  P r i n t   h e a d   50  i s   p i v o t a l l y  

m o u n t e d   to  c a r r i e r   51  a t   p i v o t   53.  A  h e a d   p i v o t i n g   m e c h a -  

n i s m   54  i s   r i g i d l y   m o u n t e d   to   t h e   h e a d   c a r r i e r   51  by  a  

s u i t a b l e   s t r u c t u r e   55.  M e c h a n i s m   54  i s   e l e c t r o m e c h a n i c a l l y  

or  m e c h a n i c a l l y   o p e r a b l e   to   e n g a g e   rod   56  h a v i n g   one  e n d  

t h e r e o f   c o n n e c t e d   a t   p i v o t   57  to   h e a d   50.  M o v e m e n t   of  r o d  

56  r e l a t i v e   to   m e c h a n i s m   54  c a u s e s   a  p i v o t i n g   m o t i o n   o f  

h e a d   50  a b o u t   p i v o t   53  to   c a u s e   t h e   h e a d   50  to   a s s u m e  

v a r i o u s   a n g l e s ,   o t h e r   t h a n   t h a t   shown ,   r e l a t i v e   to   t h e  



p r i n t   l i n e .   F i g .   4  s h o w s   t h i s   a r r a n g e m e n t   f o r   e x e m p l a r y  

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

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

of   o p e r a t i o n   may  t a k e   a  v a r i e t y   of  f o r m s   e a c h   d e p e n d i n g   o n  
t h e   p a r t i c u l a r   p r i n t i n g   t e c h n o l o g y   t o  w h i c h   t h i s   i n v e n t i o n  

i s   a p p l i e d .  

In  s u m m a r y ,   a  p r i n t i n g   t e c h n i q u e   has   b e e n   shown  u s i n g   a  

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

e l e m e n t s   a r r a n g e d   in   one  or   more   s t r a i g h t   l i n e s   and  m o u n t e d  

f o r   l a t e r a l   m o v e m e n t   a c r o s s   a  p r i n t   l i n e   a t   more   t h a n   o n e  

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

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

to  t h e   p r i n t   l i n e   t h a n   i s   r e a l i z e d   in   t h e   f i n a l   or   h i g h e r  

q u a l i t y   mode .   V a r i o u s   e m b o d i m e n t s - o f   t h e   i n v e n t i o n   h a v e  

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

c o l u m n   of   p r i n t i n g   e l e m e n t s   i s   u t i l i z e d   f o r   p r i n t i n g   m o r e  

t h a n   one  l i n e   a t   a  t i m e   in  t h e   d r a f t   mode  and  a  s i n g l e   l i n e  

a t   a  t i m e   in  t h e   f i n a l   mode .   In  a n o t h e r   e m b o d i m e n t   a  

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

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

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

e l e m e n t s   on  t h e   p a p e r .   The  p r i n t   h e a d   i s   r o t a t a b l e   f r o m   a  

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

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

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

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

a l i g n e d   h o r i z o n t a l l y   r e l a t i v e   to   a  p r i n t i n g   e l e m e n t   in   e a c h  

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

q u a l i t y   i s   r e a l i z a b l e   w i t h   a  d i f f e r e n t   s i z e   p r i n t   c h a r a c t e r  

t h a n   t h a t   o b t a i n e d   in   t h e   f i n a l   mode  p o s i t i o n .  

W h i l e   t h e   i n v e n t i o n   has   b e e n   shown  and  d e s c r i b e d   w i t h  

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

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   f o r e g o i n g  

and  o t h e r   c h a n g e s   in   f o rm  and  d e t a i l   may  be  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   of  t h e   i n v e n -  

t i o n .   For   e x a m p l e ,   a  c o m b i n a t i o n   of  t h e   a r r a n g e m e n t s   s h o w n  

in  F i g s .   2  and  3  c o u l d   be  u t i l i z e d   or  any  o t h e r   c o n f i g u -  



r a t i o n   c o u l d   be  u t i l i z e d   to   p r o v i d e   a  s u b s t a n t i a l l y   d i f f e -  

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

z a t i o n   of  a  h i g h e r   p r i n t i n g   s p e e d   in  one  mode  as  c o m p a r e d  

to  t h e   o t h e r   p r i n t i n g   m o d e .  



1 . -   P r i n t i n g   s y s t e m   c o m p r i s i n g :  

an  a r r a y   of  s e l e c t i v e l y   a c t u a b l e   p r i n t i n g   e l e m e n t s  

a r r a n g e d  i n   one  or  more   c o l u m n s   m o u n t e d   f o r   m o v e m e n t  

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

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   p o s i t i o n i n g   s a i d   a r r a y   in   a  d r a f t   m o d e  

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

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

t i a l l y   p e r p e n d i c u l a r   to   s a i d   f i r s t   a x i s ;   a n d  

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

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

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

e l e m e n t s   r e l a t i v e   to   s a i d   s e c o n d   a x i s .  

2 . -   P r i n t i n g   s y s t e m   a c c o r d i n g   to   C l a i m   1  c h a r a c t e r i z e d   i n  

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

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

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

3 . -   P r i n t i n g   s y s t e m   a c c o r d i n g   to   C l a i m   1  o r  2   c h a r a c t e r i z e d  

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

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

s a i d   a r r a y   a t   a  s u f f i c i e n t   a n g l e   f rom  s a i d   s e c o n d   a x i s  

f o r   c a u s i n g   s a i d   s e c o n d   s p a c i n g   to   be  no  g r e a t e r   t h a n  

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

4 . -   P r i n t i n g   s y s t e m   a c c o r d i n g   to   C l a i m   1 ,  2   or   3  c h a r a c -  

t e r i z e d   in   t h a t   t h e   p r i n t i n g   e l e m e n t s   a r e   a r r a n g e d   i n  

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

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

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

of  rows  can   be  f o r m e d   e a c h   row  i n c l u d i n g   a  s i n g l e  

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

l u m n s .  



5 . -   M e t h o d   of  p r i n t i n g   c h a r a c t e r s ,   c o m p r i s i n g :  

a r r a n g i n g   a  p l u r a l i t y   of  p r i n t i n g   e l e m e n t s   in  an  a r r a y  

a r r a n g e d   in  one  or  more   c o l u m n s ;  

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

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

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 :  

p o s i t i o n n i n g   s a i d   a r r a y   in   a  d r a f t   mode  p o s i t i o n   f o r  

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

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

to  s a i d   f i r s t   a x i s ;  

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

m o v e m e n t   of  s a i d   a r r a y   a c r o s s   s a i d   f i r s t   a x i s   to   c a u s e  

p r i n t i n g   of  c h a r a c t e r s   on  s a i d   p r i n t i n g   m e d i u m ;  

p o s i t i o n n i n g   s a i d   a r r a y   in   a  f i n a l   mode  p o s i t i o n   f o r  

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

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

to  s a i d   s e c o n d   a x i s ; a n d  

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

m o v e m e n t   of   s a i d   a r r a y   a c r o s s   s a i d   f i r s t   a x i s   to   c a u s e  

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

6 . -   M e t h o d   of  p r i n t i n g   c h a r a c t e r s ,   a c c o r d i n g   to   C l a i m   5 

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 :  

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

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

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

s a i d   p r i n t i n g   med ium  in  X  l i n e s   of   c h a r a c t e r s   a t   a  

t i m e ,   X  b e i n g   g r e a t e r   t h a n   o n e ;  

and  in  t h e   f i n a l   mode  p o s i t i o n ,   s e l e c t i v e l y   a c t u a t i n g  

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



a c r o s s   s a i d   f i r s t   a x i s   to   c a u s e   p r i n t i n g   of   c h a r a c t e r s  

p a r a l l e l   to   s a i d   f i r s t   a x i s   on  a  n u m b e r   of   p r i n t   l i n e s  

l e s s   t h a n   X .  

7 . -   M e t h o d   of   p r i n t i n g   c h a r a c t e r s   a c c o r d i n g   to   C l a i m   5  o r  
6  c h a r a c t e r i z e d   in   t h a t   one   of   s a i d   s t e p s   of   p o s i -  

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

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

a x i s .  

8 . -   M e t h o d   of   p r i n t i n g   c h a r a c t e r s   a c c o r d i n g   to   C l a i m   5,  6 

or   7  c h a r a c t e r i z e d   in   t h a t   t h e   a r r a y   i n c l u d e s   a  p l u -  

r a l i t y   of   c o l u m n s   s u b s t a n t i a l l y   p a r a l l e l   t o   e a c h  

o t h e r .  

9 . -   M e t h o d   of   p r i n t i n g   c h a r a c t e r s   a c c o r d i n g   to   C l a i m   8 

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

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

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

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

1 0 . -   The  m e t h o d   of  p r i n t i n g   c h a r a c t e r s   a c c o r d i n g   to   C l a i m   9 

c h a r a c t e r i z e d  i n   t h a t   one  of   s a i d   s t e p s   of   p o s i t i o n i n g  

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

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

f o r   c a u s i n g   a  p l u r a l i t y   of   rows   of   p r i n t i n g   e l e m e n t s  

to   be  f o r m e d ,   e a c h   row  b e i n g   p a r a l l e l   to   s a i d   f i r s t  

a x i s   and  e a c h   row  i n c l u d i n g   a  s i n g l e   p r i n t i n g   e l e m e n t  

f rom  e a c h   of   s a i d   p l u r a l i t y   of   c o l u m n s .  
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