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Thermal  print  head. 
©  A  thermal  print  head  includes  electrical  heating  ele- 
ments  (36,  38)  for  marking  a  heat  sensitive  medium,  and 
buses  (46,  50,  60,  64)  for  delivering  power  to  the  elements 
(36,  38)  (each  bus  being  connected  in  common  to  a  number 
of  the  elements);  a  power  source  applies  to  one  of  the  buses 
(46,  60)  a  first  voltage  level  which  is  at  least  sufficient,  when 
applied  to  one  of  the  eements  (36,  38),  to  cause  marking,  8nd 
the  power  source  holds  a  second  bus  (50,  64)  at  a  fixed 
second  voltage  level  insufficient  for  causing  marking  to 
improve  reliability  and  to  reduce  manufacturing  costs.  In 
other  aspects,  each  element  (36,  38)  in  the  row  (30,  32)  is 
connected  between  a  conductor  (52,  57)  for  supplying  power 
to  and  a  conductor  (44,  48,  58,  62)  for  sinking  power  from  the 
element  (36,  38),  and  some  of  the  sink  conductors  (44,  48) 
extend  on  one  side  of  the  row  (30,  32)  while  other  sink 
conductors  (58,  62)  extend  on  the  other  side  of  the  row  (30, 
32)  (for  making  electrical  connection  to  a  power  sink);  there 
are  a  number  (N)  of  parallel  rows  of  elements  (36,  38),  and 
there  are  2N  buses  (23),  each  bus  being  connected  in 
common  to  a  plurality  of  elements  (36,  38),  and  there  is 
control  logic  for  routing  power  via  each  one  of  the  buses  in 
turn;  and  at  least  one  (46,  50)  of  the  buses  (46,  50,  50,  64)  is 
on  one  side  of  the  rows  (30,  32)  of  elements  (36,  38),  and  at 
least  another  one  (60,  64)  of  the  buses  (46,  50,  60,  64)  is  on 
the  opposite  side  of  the  rows  to  reduce  density  of  the 
required  switching  circuitry- 
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T h i s   i n v e n t i o n   r e l a t e s   to   t h e r m a l   p r i n t   h e a d s .  

In  t y p i c a l   h e a d s ,   a  row  of  e l e c t r i c a l l y   r e s i s t i v e  

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

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

c r o s s   t h e   s t r i p e   a t   r e g u l a r   i n t e r v a l s .   Each   h e a t i n g  

e l e m e n t   i s   t h u s   s p a c e d   a p a r t   f rom  t h e   n e x t   e l e m e n t   by  t h e  

w i d t h   of  t h e   f i n g e r   w h i c h   s e p a r a t e s   them  and  e a c h   e l e m e n t  

i s   b o r d e r e d   by  and  c o n n e c t e d   to   t h e  t w o   a s s o c i a t e d   f i n g e r s  

w h i c h   d e f i n e   t h e   e l e m e n t .   In  o r d e r   to   p r i n t   a  d o t   on  a  

s h e e t   of  h e a t - s e n s i t i v e   p a p e r ,   an  i n d i v i d u a l   e l e m e n t   i s  

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

a p p l i e d   to   one   of   t h e   e l e m e n t ' s   two  a s s o c i a t e d   f i n g e r s   t o  

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

( s i n k )   p o w e r   f rom  t h e   e l e m e n t .   By  p r i n t i n g   a  s e t   o f  

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

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

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

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

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

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

in  one  d i r e c t i o n   away  f rom  t he   s t r i p e   to   c o n n e c t   t o  

i n t e g r a t e d   c i r c u i t r y   w h i c h   is   a r r a n g e d   to  p e r m i t   g r o u n d i n g  
of  v a r i o u s   o n e s   of  t he   f i n g e r s   a t   d i f f e r e n t   t i m e s .   T h e  

i n t e r v e n i n g   f i n g e r s   ( to   w h i c h   t h e   v o l t a g e   i s   to   b e  

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

c i r c u i t r y ,   b u t   i n s t e a d   e x t e n d   away  f r o m   t h e   s t r i p e   in  t h e  



o p p o s i t e   d i r e c t i o n   f rom  t h e   g r o u n d i n g   f i n g e r s .   E v e r y   o t h e r   o n e  

of   t h e s e   v o l t a g e   f i n g e r s   i s   r o u t e d   to  a  f i r s t   bus   w h i c h   r u n s  

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

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

The  p r i n t i n g   o f   d o t s   a l o n g   a  r o w   i s   done   in   two  p h a s e s :   a  v o l -  

t a g e   i s   a p p l i e d   f i r s t   to   t h e   f i r s t   b u s ,   and  a p p r o p r i a t e   g r o u n -  

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

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

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

D i o d e s   a r e   c o n n e c t e d   b e t w e e n   e a c h   v o l t a g e   f i n g e r   and  t h e   bus   t o  

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

a p p e a r i n g   on  t h e   bus   to   w h i c h   t h e   v o l t a g e   was  n o t   a p p l i e d .   S u c h  

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

w h i c h   w e r e   n o t   s e l e c t e d   f o r   h e a t i n g .   Such  d i o d e s   a f f e c t   t h e   c o m -  

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

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

I t   i s   t h e r e f o r e   an  o b j e c t   of   t h e   i n v e n t i o n   as  d e f i n e d   in  t h e  

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

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

To  one  o f   s e v e r a l   b u s e s   a  f i r s t   v o l t a g e   l e v e l   i s   a p p l i e d   w h i c h  

i s   a t   l e a s t   s u f f i c i e n t ,   when  a p p l i e d   to   one  of  t h e   e l e m e n t s ,   t o  

c a u s e   m a r k i n g ,   w h i l e   h o l d i n g   a  s e c o n d   bus   a t   a  f i x e d   s e c o n d  

v o l t a g e   l e v e l   i n s u f f i c i e n t   f o r   c a u s i n g   m a r k i n g .  

P r e f e r r a b l y   t h e   h e a t i n g   e l e m e n t s   a r e   a r r a n g e d   in   r o w s ,   ( e . g .  

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

s i n k i n g   p o w e r   f rom  t h e   e l e m e n t s ,   w i t h   e v e r y   o t h e r   one  of   t h e s e  

c o n d u c t o r s   e x t e n d i n g   on  one  s i d e   of   t h e   r o w s ,   and  t h e   i n t e r -  

v e n i n g   c o n d u c t o r s   e x t e n d i n g   on  t h e   o t h e r   s i d e ,   w i t h   e a c h  

c o n d u c t o r s   s e r v i n g   two  e l e m e n t s   on  e a c h   row,   and   e a c h  

e l e m e n t   b e i n g   s e r v e d   by  one  of   t h e   c o n d u c t o r s ;   and  t h e r e  

a r e   f o u r   b u s e s   ( d o u b l e   t h e   n u m b e r   of   r o w s ) ,   w i t h   two  o f  



t h e   b u s e s   b e i n g   a r r a n g e d   on  one  s i d e   of  t h e   rows  so  as   t o  

be  a d j a c e n t   to  and  to   s e r v e   one  of  t h e   r o w s ,   and  w i t h   t h e  

o t h e r   two  b u s e s   b e i n g   a r r a n g e d   on  t h e   o t h e r   s i d e   of  t h e  

rows   so  as  to   be  a d j a c e n t   to  and  to   s e r v e   t h e   o t h e r   one   o f  

t h e   r o w s .  

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

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

s u c c e s s i v e   e l e m e n t s   ( e a c h   e l e m e n t   h a v i n g ,   e . g . ,   a  l e n g t h  

e q u a l   to  t h e   l e n g t h   of  one  of  t h e   s p a c e s ) ,   and  one  of   t h e  

rows   i s   o f f s e t   f r om  t h e   o t h e r   row  ( e . g .   by  an  a m o u n t   e q u a l  

to  t he   s p a c e   l e n g t h )   such   t h a t   in  a  p r o j e c t i o n   of  one  r o w  

o n t o   t h e   o t h e r   row,   t h e   e l e m e n t s   of   t h e   one  row  w o u l d  

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

A l s o   in  p r e f e r r e d   e m b o d i m e n t s ,   t h e   power   s i n k i n g  

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

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

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

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

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

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

l e v e l s ,   a r e   e a c h   i n s u f f i c i e n t   to  c a u s e   m a r k i n g ;   t h e   s e c o n d  

v o l t a g e   l e v e l   i s   l o w e r   t h a n   t h e   f i r s t   v o l t a g e   l e v e l   and  i s  

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

l e v e l ,   w h i c h   m i n i m i z e s   t h e   a g g r e g a t e   power   l o s s   in  t h e  

h e a t i n g   e l e m e n t s ,   e . g . ,   a  v a l u e   e q u a l   to   t h e   t h i r d   v o l t a g e  

l e v e l   p l u s   3 /7   of   t h e   d i f f e r e n c e   b e t w e e n   t h e   f i r s t   v o l t a g e  

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

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

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

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

b u s e s ;   and  t he   c o n t r o l   l o g i c   c o n n e c t s   s e l e c t e d   o n e s   of   t h e  

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



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

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

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

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

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

f o r   s i n k i n g   p o w e r   f r o m   t h e   e l e m e n t ,   and  some  of  t h e   s i n k  

c o n d u c t o r s   e x t e n d   on  one  s i d e   of  t h e   row  w h i l e   o t h e r   s i n k  

c o n d u c t o r s   e x t e n d   on  t h e   o t h e r   s i d e   of   t h e   row  f o r   m a k i n g  

e l e c t r i c a l   c o n n e c t i o n   to   a  p o w e r   s i n k .  

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

p r i n t   h e a d   h a v i n g   a  number   (N)  of  p a r a l l e l   rows   o f  

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

m e d i u m ,   c o n d u c t o r s   f o r   s i n k i n g   p o w e r   f rom  t h e   e l e m e n t s ,   2N 

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

b u s   b e i n g   c o n n e c t e d   in  common  to   a  p l u r a l i t y   of   e l e m e n t s ,  

and   c o n t r o l   l o g i c   f o r   r o u t i n g   power   v i a   e a c h   one  of   t h e  

b u s e s   in  t u r n .  

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

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

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

of   e l e m e n t s   f o r   r o u t i n g   p o w e r   to  t h e   e l e m e n t s ,   a t   l e a s t  

one   of   t h e   b u s e s   b e i n g   on  one  s i d e   of  t h e   row,   and  a t  

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

of   t h e   r o w .  

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

v o l t a g e   l e v e l   i n s u f f i c i e n t   to   c a u s e   m a r k i n g ,   no  d i o d e s   a r e  

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

o t h e r w i s e   a p p e a r   on  t h e   n o n - p r i n t i n g   b u s e s .   E l i m i n a t i n g  

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

i m p r o v e s   t h e   r e l i a b i l i t y   of   t h e   h e a d ,   by  m a k i n g   more   s p a c e  

a v a i l a b l e   on  t h e   h e a d   s u b s t r a t e .   The  a v a i l a b i l i t y   o f  

s p a c e   a l s o   p e r m i t s   t h e   u se   o f   f o u r   b u s e s ,   two  on  e a c h   s i d e  



of  t he   e l e m e n t s .   Four   b u s e s   e n a b l e   t h e   use   of  two  rows   o f  

p r i n t i n g   e l e m e n t s ,   e a c h   s e r v e d   by  two  of  t h e   b u s e s .   By  

c o n n e c t i n g   e a c h   s i n k   c o n d u c t o r   to   b o t h   r o w s ,   e a c h   s i n k  

c o n d u c t o r   can   s e r v e   f o u r   e l e m e n t s .   H a v i n g   a l t e r n a t e   s i n k  

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

r e d u c e s   t h e   d e n s i t y   of  t h e   r e q u i r e d   s w i t c h i n g   c i r c u i t r y   o n  

t h e   s u b s t r a t e   w h i c h   r e d u c e s   d e s i g n   and  m a n u f a c t u r i n g  

c o m p l e x i t y   and  c o s t ,   and  i m p r o v e s   r e l i a b i l i t y .   U s i n g   f o u r  

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

p o w e r   l o a d .   O f f s e t t i n g   t h e   two  rows   of  e l e m e n t s   w i t h  

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

p a g e   can   be  p r i n t e d .  

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

b e c o m e   a p p a r e n t   f rom  t he   f o l l o w i n g   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 ,   and  f rom  t h e   c l a i m s .  

We  f i r s t   b r i e f l y   d e s c r i b e   t h e   d r a w i n g s .  

F i g .   1  i s   a  s c h e m a t i c   v i e w   of  a  t h e r m a l   p r i n t i n g  

s y s t e m .  

F i g .   2  i s   a  v i e w   of  a  r e p r e s e n t a t i v e   s e g m e n t   a l o n g   t h e  

l e n g t h   of  t h e   t h e r m a l   p r i n t   h e a d   of  F i g .   1,  i n c l u d i n g  

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

F i g .   3  i s   a  s c h e m a t i c   v i e w   of  t h e   power   s u p p l y   a n d  

c o n t r o l   l o g i c   of   F i g .   1 .  

F i g .   4  i s   an  e q u i v a l e n t   c i r c u i t   d i a g r a m   fo r   t h e   h e a d  

of  F i g .   2  r e f l e c t i n g   one  p o s s i b l e   o p e r a t i n g   c o n d i t i o n .  

R e f e r r i n g   to   F i g .   1,  in  t h e r m a l   p r i n t i n g   s y s t e m   10  a  

s h e e t   of  t e m p e r a t u r e - s e n s i t i v e   p a p e r   (or  p l a i n   p a p e r   i n  

c o n j u n c t i o n   w i t h   an  i n k - b e a r i n g   t e m p e r a t u r e - s e n s i t i v e  

r i b b o n )   12  i s   h e l d   a g a i n s t   a  t h i c k - f i l m   t h e r m a l   p r i n t   h e a d  



14.  P a p e r   d r i v e r   16  i s   a r r a n g e d   to  move  p a p e r   12  to  a  

s u c c e s s i o n   of   f i x e d   p o s i t i o n s   w i t h   r e s p e c t   to   h e a d   1 4 .  

P a p e r   d r i v e r   16  i s   c o n n e c t e d   v i a   c o n t r o l   s i g n a l   l i n e   17  

and  p o w e r   l i n e   19  to   a  p o w e r   s u p p l y   and  c o n t r o l   l o g i c   18  

( f o r   p r o v i d i n g   p o w e r   and  c o n t r o l   s i g n a l s   to   c a u s e   p a p e r  

d r i v e r   16  to   move  p a p e r   12  to   t h e   s u c c e s s i v e   p o s i t i o n s ) .  

Power   s u p p l y   and  c o n t r o l   l o g i c   18  i s   a l s o   c o n n e c t e d   v i a  

c o n t r o l   s i g n a l   l i n e s   21  and  bus  p o w e r   l i n e s   23  to   h e a d   1 4  

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

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

s u c c e s s i v e   p o s i t i o n   of   p a p e r   1 2 ) .   Power  s u p p l y   a n d  

c o n t r o l   l o g i c   18  i s   a l s o   c o n n e c t e d   v i a   c o n t r o l   s i g n a l   l i n e  

25  and  d a t a   l i n e   27  to   a  m i c r o p r o c e s s o r   ( n o t   shown)   f o r  

r e c e i v i n g   s t r e a m s   of  b i t s   r e p r e s e n t a t i v e   of   i n f o r m a t i o n   t o  

be  p r i n t e d ,   and  f o r   r e c e i v i n g   and  s e n d i n g   r e l a t e d   c o n t r o l  

s i g n a l s .  

R e f e r r i n g   to   F i g .   2,  in   h e a d   14,   a  p a i r   of   p a r a l l e l  

r e s i s t i v e   s t r i p e s   ( e a c h   . 0 8 3 3   mm  w i d e )   of  p a l l a d i u m - s i l v e r  

or  p a l l a d i u m - g o l d   30,  32,  a r e   c r o s s e d   by  a  s e r i e s   o f  

c o n d u c t i v e   f i n g e r s   34  ( e a c h   0 . 0 8 3 3   mm  w i d e )   a l s o   o f  

p a l l a d i u m - s i l v e r   or  p a l l a d i u m - g o l d .   The  r ows   a r e  

s e p a r a t e d   by  a  0 . 2 5   mm  s p a c e   and  t h e   c o n d u c t i v e   f i n g e r s  

a r e   s p a c e d   a t   r e g u l a r   i n t e r v a l s   to   d e f i n e   two  p a r a l l e l  

rows   of  p r i n t i n g   e l e m e n t s   36 ,   38  ( e a c h   0 . 0 8 3 3   mm  s q u a r e ) .  

E l e m e n t s   36  a r e   o f f s e t   f r o m   e l e m e n t s   38  a l o n g   an  i m a g i n a r y  

a x i s   40  by  a  d i s t a n c e   of  0 . 0 8 3 3   mm  s u c h   t h a t ,   i f   e l e m e n t s  

38  w e r e   moved   a l o n g   an  a x i s   42  to   t h e   l o c a t i o n   of  row  3 0 ,  

e a c h   e l e m e n t   38  w o u l d   f i l l   t h e   s p a c e   b e t w e e n   a  p a i r   o f  

a d j a c e n t   e l e m e n t s   36.  T h e r e   a r e   a  t o t a l   of  2 , 5 9 2   e l e m e n t s  
( 2 1 , 6   cm) 

a l o n g   t h e   8  1 / 2 " / p r i n t   h e a d   l e n g t h   ( o n l y   a  few  a r e   s h o w n  

in  F i g .   2)  w i t h   1 , 2 9 6   e l e m e n t s   in  e a c h   r o w .  

The  f i n g e r s   34  w h i c h   c r o s s   row  30  a r e   a r r a n g e d   in  f o u r  

g r o u p s .   One  g r o u p   of   f i n g e r s   44  i s   c o n n e c t e d   to   a  

c o n d u c t i v e   bus   46  o r i e n t e d   p a r a l l e l   to   row  30.   A  s e c o n d  



g r o u p   of   f i n g e r s   48  ( o n l y   two  a r e   shown  in  F i g .   2)  p a s s e s  
u n d e r   and  i s   i n s u l a t e d   f rom  bus  46  and  c o n n e c t s   to   a  

s e c o n d   bus   50  a l s o   o r i e n t e d   p a r a l l e l   to   row  30 .   A  t h i r d  

g r o u p   of   f i n g e r s   5 2  p a s s e s   u n d e r   and  i s   i n s u l a t e d   f r o m  

b o t h   b u s e s   46  and  50  and  c o n n e c t s   to  i n t e g r a t e d   c i r c u i t   54  

( f o r   c o n n e c t i n g   s e l e c t e d   f i n g e r s   52  to  g r o u n d ) .   F i n g e r s  

52  a l s o   e x t e n d   to   and  c r o s s   row  32  and  h a v e   j o g s   56  t o  

a c c o m m o d a t e   t h e   o f f s e t   b e t w e e n   e l e m e n t s   36,  38.  A  f o u r t h  

g r o u p   of  f i n g e r s   57  e x t e n d   to   and  b e y o n d   s t r i p e   3 2 .  

L i k e w i s e ,   t h e   f i n g e r s   34  w h i c h   c r o s s   s t r i p e   32  a r e  

a r r a n g e d   in  f o u r   g r o u p s ,   i n c l u d i n g   f i n g e r s   52  in  o n e  

g r o u p ,   f i n g e r s   58  w h i c h   c o n n e c t   to  a  bus   60  (on  t h e   o t h e r  

s i d e   of  s t r i p e s   30 ,   32  f rom  b u s e s   46 ,   50)  in   a  s e c o n d  

g r o u p ,   f i n g e r s   62  w h i c h   c o n n e c t   to   a  bus   64  in  a  t h i r d  

g r o u p ,   and  f i n g e r s   57  w h i c h   c o n n e c t   to   i n t e g r a t e d  

c i r c u i t r y   66  in  a  f o u r t h   g r o u p .  

Each  f i n g e r   52,   by  v i r t u e   of   c r o s s i n g   b o t h   s t r i p e s   3 0 ,  

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

i n d i v i d u a l l y   by  one  of  t h e   f o u r   b u s e s   46 ,   50,   60 ,   64.   F o r  

e x a m p l e ,   a  f i n g e r   52  c o n n e c t s   to   e l e m e n t s   70,  72,   74,  7 6 ,  

w h i c h   in  t u r n   a r e   c o n n e c t e d   r e s p e c t i v e l y   to   b u s e s   46 ,   5 0 ,  

60,  64.   L i k e w i s e ,   e a c h   f i n g e r   57  i s   c o n n e c t e d   to   f o u r  

e l e m e n t s   a l s o   s e r v e d   r e s p e c t i v e l y   by  one  of   t h e   f o u r   b u s e s  

46,   50,   60,   6 4 .  

Each   p a i r   of  a d j a c e n t   f i n g e r s   57  h a s   f o u r   e l e m e n t s   38 

p o s i t i o n e d   b e t w e e n   t h e m ,   and  e a c h   p a i r   of   a d j a c e n t   f i n g e r s  

52  l i k e w i s e   has   f o u r   e l e m e n t s   36  p o s i t i o n e d   b e t w e e n   t h e m .  

B u s e s   46 ,   50 ,   60 ,   64  and  i n t e g r a t e d   c i r c u i t s   54 ,   66  

a r e   e a c h   c o n n e c t e d   i n d e p e n d e n t l y   v i a   l i n e s   41,   43,   45,  4 7 ,  

49 ,   51  to   p o w e r   s u p p l y   and  c o n t r o l   l o g i c   1 8 .  



I n t e g r a t e d   c i r c u i t r y   66  r e p r e s e n t s   one   of  s i x  

i d e n t i c a l   c i r c u i t s   a r r a n g e d   a l o n g   t h e   l e n g t h   of  h e a d   14  o n  

one  s i d e   of   rows   30 ,   32;  i n t e g r a t e d   c i r c u i t   54  i s  

i d e n t i c a l   to   i n t e g r a t e d   c i r c u i t   66  and  l i k e w i s e   r e p r e s e n t s  

one   of  s i x   i d e n t i c a l   c i r c u i t s   on  t h e   o t h e r   s i d e   of  r o w s  

30,   32.  Each   i n t e g r a t e d   c i r c u i t   h a s   f i f t y - f o u r   c e l l s   t o  

s e r v e   f i f t y - f o u r   f i n g e r s   52,   57.  Thus  t h e   t w e l v e   c i r c u i t s  

a r e   a b l e   to   s e r v e   a l l   648  of  f i n g e r s   52,  5 7 .  

I n t e g r a t e d   c i r c u i t r y   66  i n c l u d e s   a  s h i f t   r e g i s t e r   1 1 0  

h a v i n g   a  s e t   of  c e l l s   112.   Each  c e l l   112  i n c l u d e s   a  

t r a n s i s t o r   114  w h o s e   e m i t t e r   i s   g r o u n d e d ,   whose   c o l l e c t o r  

i s   c o n n e c t e d   to  a  p a r t i c u l a r   one  of  t h e   f i n g e r s   57,  a n d  

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

t h e   c e l l .   When  t h e   b i t   has   one  v a l u e ,   t r a n s i s t o r   114  i s  

d r i v e n   to   s a t u r a t i o n   so  t h a t   t h e   c o r r e s p o n d i n g   f i n g e r   5 7  

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

to   t h e   s a t u r a t i o n   v o l t a g e ,   V  s a t '   of   t r a n s i s t o r   1 1 4 ,  

e i i g . ,   0 .3   v o l t s )  .  

When  t h e   b i t   h a s   t h e   o p p o s i t e   v a l u e ,   t r a n s i s t o r   114  i s   o f f  

and  t h e   p o t e n t i a l   on  t h e   c o r r e s p o n d i n g   f i n g e r   57  i s  

p e r m i t t e d   to   f l o a t .  

R e f e r r i n g   to   F i g .   3,  p o w e r   s u p p l y   and  c o n t r o l   l o g i c   18  

i n c l u d e s   a  bus   p o w e r   s u p p l y   120  c a p a b l e   of   p r o d u c i n g  

h i g h l y   r e g u l a t e d   v o l t a g e s   a t   two  l e v e l s :   a  h i g h e r   l e v e l  

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

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

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

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

l e v e l   f o r   d r i v i n g   t he   n o n - p r i n t i n g   b u s e s   ( t h e   l o w e r   l e v e l  

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

e l e m e n t   w i l l   n o t   be  s u f f i c i e n t   to   c a u s e   p r i n t i n g ) .   B u s  

p o w e r   s u p p l y   120  i s   c o n n e c t e d   v i a   h i g h   and  low  v o l t a g e  

l i n e s   122 ,   124  to   p o w e r - t o - b u s e s   s w i t c h i n g   l o g i c   1 2 6 .  

L o g i c   126  has   o u t p u t s   c o n n e c t e d   to   bus   c o n n e c t i o n   l i n e s  



41,   43 ,   45 ,   47  f o r   d e l i v e r i n g   t h e   s u p p l y   v o l t a g e s ,   and  h a s  

i t s   i n p u t   c o n n e c t e d   v i a   c o n t r o l   s i g n a l   l i n e   128  to   c o n t r o l  

l o g i c   130  f o r   r e c e i v i n g   s i g n a l s   w h i c h   c o n t r o l   t h e  

s w i t c h i n g   of  t h e   s u p p l y   v o l t a g e s   to  bus   l i n e s   a t   any  g i v e n  

t i m e .  

C o n t r o l   l o g i c   130  i s   a l s o   c o n n e c t e d   v i a   c o n t r o l   a n d  

d a t a   l i n e s   132 ,   134  to   b i t   s t r e a m   s w i t c h i n g   l o g i c   136  f o r  

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

d o t s   to  be  p r i n t e d ,   and  r e l a t e d   t i m i n g   c o n t r o l   s i g n a l s  

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

54,   66  w i t h   t he   p o w e r i n g   of  b u s e s   46 ,   50,   60 ,   64 .   L o g i c  

136  i s   c o n n e c t e d   v i a   l i n e s   49,  51  to  c i r c u i t s   54,   66  f o r  

c a r r y i n g   t he   b i t   s t r e a m s   and  t h e   t i m i n g   c o n t r o l   s i g n a l s .  

C o n t r o l   l o g i c   130  i s   a l s o   c o n n e c t e d   v i a   c o n t r o l   s i g n a l  

l i n e   17  to  p a p e r   d r i v e r   16  and  v i a   c o n t r o l   s i g n a l   l i n e   1 3 8  

to  p a p e r   d r i v e   p o w e r   s u p p l y   140  to  t r i g g e r   t h e  

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

t h e   p r o p e r   t i m e .   The  o u t p u t   of  s u p p l y   140  i s   c o n n e c t e d  

v i a   p o w e r   l i n e   19  to  p a p e r   d r i v e r   1 6 .  

F i n a l l y ,   c o n t r o l   l o g i c   130  i s   c o n n e c t e d   v i a   c o n t r o l  

l i n e   25  and  d a t a   l i n e   27  to  t h e   m i c r o p r o c e s s o r   ( n o t   s h o w n )  

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

to  p r i n t .  

R e f e r r i n g   to   F i g .   4,  in  one  t y p i c a l   s i t u a t i o n ,   d u r i n g  

p r i n t i n g ,   bus   46  i s   d r i v e n   to   t he   h i g h e r   f i r s t   v o l t a g e  

l e v e l   (VA)  and  b u s e s   50,   60,  64  a r e   d r i v e n   to   t h e   l o w e r  

s e c o n d   v o l t a g e   l e v e l   (VB).   Each  r e s i s t a n c e   l a b e l l e d  

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

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

a r e   n o t   i n t e n d e d   to   be  h e a t e d   to   p r i n t   bu t   w h i c h   a r e  

c o n n e c t e d   to   t h e   same  g r o u n d i n g   f i n g e r   as  an  RM 
e l e m e n t .   R NN  r e p r e s e n t s  a   h e a t i n g   e l e m e n t   w h i c h   i s   n o t  



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

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

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

f i n g e r   as  an  RNN  e l e m e n t ,   and  one  of  t h e   b u s e s   d r i v e n   t o  

v o l t a g e   VB.  Wi th   t r a n s i s t o r s   71,   73  t u r n e d   on ,   f i n g e r s  

75,  77  a r e   a t   a  t h i r d   v o l t a g e   l e v e l   V  s a t  

T h u s ,   VA  m u s t   be  h i g h   e n o u g h   so  t h a t   e a c h   RM  h e a t s  

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

-  V s a t   a c r o s s   t h e s e   r e s i s t o r s .   VB  m u s t   be  low  e n o u g h  

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

w i t h   a  v o l t a g e   d r o p   of  V B  -   V s a t   a c r o s s   i t ,   and  s o  

t h a t   e ach   RNN  and  RN  d o e s   n o t   p r i n t   f r o m   a  v o l t a g e  

d r o p   of  V B  -   VA  a c r o s s   e a c h   n e t w o r k   c o n s i s t i n g   o f  

RNN  in  s e r i e s   w i t h   t h r e e   p a r a l l e l  R N   e l e m e n t s .  

S u b j e c t   to   t h o s e   c o n s t r a i n t s ,   i t   i s   d e s i r a b l e   to   s e t  

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

i n  t h e   RMM,  RNN  a n d  R N   e l e m e n t s .  

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

The  min imum  p o w e r   d i s s i p a t i o n   w i l l   o c c u r   when  VRMM = 

VRNN,  i . e . ,   w h e n  

o r  



T h u s ,   VB  s h o u l d   be  s e t   a t   3 /7   of  t h e   v o l t a g e   a c r o s s  

t h e   p r i n t i n g   r e s i s t o r s   ( i . e . ,   3 /7   of  VA -   V s a t )   p l u s  

t h e   s a t u r a t i o n   v o l t a g e   (V sat  ) ,   so  t h a t  

W i t h   t h a t   v a l u e   of  VB  t h e   power   d i s s i p a t e d   in  e a c h   o f  

t h e   n o n - p r i n t i n g   e l e m e n t s   i s   3 /7   x  3 /7   =  9 / 4 9  =   18.2%  o f  

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

To  p r i n t - a   d e s i r e d   p a t t e r n   of  d o t s ,   p a p e r   12  i s   m o v e d  

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

30,   3 2 .   At  e a c h   p o s i t i o n ,   power   i s   a p p l i e d   to   t h o s e  

e l e m e n t s   36 ,   38  w h i c h   n e e d   to   be  h e a t e d   in  o r d e r   to   m a r k  

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

Power   i s   a p p l i e d   in  f o u r   s t a g e s .   In  e a c h   s t a g e ,   VA  i s  

a p p l i e d   to  a  p a r t i c u l a r   one  of  t he   b u s e s   46 ,   50 ,   60 ,   6 4 ,  

w h i l e   VB  is   a p p l i e d   to  t h e   r e m a i n i n g   t h r e e   b u s e s .   F o r  

e x a m p l e ,   VA  i s   a p p l i e d   to   bus   46  and  VB  is   a p p l i e d   t o  

b u s e s   50,  60,  64.  Unde r   t h e s e   c i r c u m s t a n c e s ,   o n l y   h a l f   o f  

t h e   e l e m e n t s   36  on  s t r i p e   30,   ( i . e . ,   t h o s e   w h i c h   a r e  

c o n n e c t e d   to   bus   46)  c a n   be  s e l e c t e d   to   h e a t   to   p r i n t  

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

h e a t s   to   p r i n t   by  h a v i n g   i n t e g r a t e d   c i r c u i t s   54,   6 6  

c o n n e c t   to   g r o u n d   t he   f i n g e r   52,   57  w h i c h   l e a d s   f r o m   t h e  

e l e m e n t   to  be  h e a t e d ,   t h u s   e s t a b l i s h i n g   VA -   V s a t  
a c r o s s   t h e   e l e m e n t .   For  e x a m p l e ,   in  F i g .   2,  e l e m e n t   70  

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

f i n g e r   100  to  e s t a b l i s h   a  c u r r e n t   p a t h   ( i n d i c a t e d   by  a r r o w  

1 0 2 ) .   A p p r o p r i a t e   b i t s   a r e   l o a d e d   i n t o   i n t e g r a t e d  

c i r c u i t s   54,   66  to  c a u s e ,   w h i l e   VA  is   b e i n g   a p p l i e d   t o  

bus   46,   t h e   d e s i r e d   e l e m e n t s   to  be  g r o u n d e d   and  t h e   o t h e r s  

to  r e m a i n   f l o a t i n g .  



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

t h e   l e n g t h   of  h e a d   14  t e n d i n g   to   d r i v e   b u s e s   50,   60,   64  t o  

VA,  f o r   e x a m p l e   t h e   p a t h   ( a r r o w   104)  f rom  bus   46  v i a   t w o  

e l e m e n t s   to   bus   50.  Were  bus   50  a c t u a l l y   d r i v e n   to  VA, 
t h e n   e l e m e n t   72,   b e i n g   c o n n e c t e d   b e t w e e n   V A  a n d   V s a t ,  
w o u l d   e r r o n e o u s l y   p r i n t   a  d o t .   H o w e v e r ,   b e c a u s e   V  
a p p l i e d   to   bus   50  i s   r e g u l a t e d   to  be  c o n s t a n t  

( n o t w i t h s t a n d i n g   p a r a s i t i c   p a t h s   such   as  1 0 4 ) ,   bus   5 0  

c a n n o t   be  d r i v e n   to   VA.  B e c a u s e   VB  i s   i n s u f f i c i e n t   t o  

c a u s e   p r i n t i n g   by  e l e m e n t   72 ,   no  e r r o n e o u s   p r i n t i n g   o c c u r s .  

In  t h e   s e c o n d   s t a g e   of  p r i n t i n g ,   t h e   p a p e r   r e m a i n s   i n  

t h e   same  p o s i t i o n ,   VA  i s   a p p l i e d   to  bus   50,   VB  i s  

a p p l i e d   t o   b u s e s   46 ,   60 ,   64  and  a p p r o p r i a t e   o n e s   o f  

f i n g e r s   52  and  57  a r e   g r o u n d e d   to   c a u s e   p r i n t i n g   b y  

d e s i r e d   o n e s   of  t h a t   h a l f   of  t he   e l e m e n t s   on  row  30,   w h i c h  

a r e   c o n n e c t e d   to  bus   5 0 .  

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

f o u r t h   s t a g e s   w i t h   t h e   VA  b e i n g   a p p l i e d   f i r s t   to   bus   6 0 ,  

t h e n   to  bus   64.  T h u s ,   in  t h e   c o u r s e   of  t h e   f o u r   s t a g e s ,  

any   of  t h e   e l e m e n t s   on  rows   30 ,   32  can   be  c a u s e d   to   p r i n t .  

Nex t   t h e   p a p e r   i s   moved  a l o n g   a x i s   42  by  a  d i s t a n c e  

e q u a l   to  t h e   w i d t h   of  row  30  to   a  new  p o s i t i o n ,   a t   w h i c h  

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

w i t h   an  u p d a t e d   s e t   of  f i n g e r s   52,   57  b e i n g   g r o u n d e d   i n  

o r d e r   to  p r i n t   d e s i r e d   d o t s   a t   t h e   new  p a p e r   p o s i t i o n .  

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

p o s i t i o n s ,   a t   e a c h   of  w h i c h   t h e   f o u r   p r i n t i n g   s t a g e s   a r e  

r e p e a t e d .   B e c a u s e   t h e   e l e m e n t s   on  rows  30,   32  a r e  

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

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

i n t o   t h e   s h i f t   r e g i s t e r s ,   t h e   s w i t c h i n g   of   v o l t a g e s   o n t o  

b u s e s   46 ,   50 ,   60 ,   64,   and  t h e   a d v a n c e   of   t h e   p a p e r   t o  



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

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

130 .   The  m i c r o p r o c e s s o r   to   w h i c h   t h e   p o w e r   s u p p l y   a n d  

c o n t r o l   l o g i c   18  a r e   c o n n e c t e d   i s   p r o g r a m m e d   to  p r o v i d e  

t h e   n e e d e d   b i t   p a t t e r n s   f o r   i n t e g r a t e d   c i r c u i t s   54 ,   6 6  

b a s e d   on  t h e   c h a r a c t e r s   or  g r a p h i c   s y m b o l s   to   be  p r i n t e d .  

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

v o l t a g e   l e v e l   i n s u f f i c i e n t   f o r   c a u s i n g   m a r k i n g ,   no  d i o d e s  

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

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

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

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

h e a d ,   by  m a k i n g   more   s p a c e   a v a i l a b l e   on  t h e   h e a d  

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

f o u r   b u s e s ,   two  on  e a c h   s i d e   of  t h e   e l e m e n t s .   Four   b u s e s  

e n a b l e s   u s i n g   two  rows   of  p r i n t i n g   e l e m e n t s ,   e a c h   s e r v e d  

by  two  of  t h e   b u s e s .   By  h a v i n g   e a c h   s i n k   c o n d u c t o r  

c o n n e c t   to  b o t h   r o w s ,   e a c h   s i n k   c o n d u c t o r   c an   s e r v e   f o u r  

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

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

t h e   d e n s i t y   of  t h e   r e q u i r e d   s w i t c h i n g   c i r c u i t r y   on  t h e  

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

c o m p l e x i t y   and  c o s t ,   and  i m p r o v i n g   r e l i a b i l i t y .   U s i n g  

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

p e a k   p o w e r   l o a d .   O f f s e t t i n g   t h e   two  rows   of   e l e m e n t s   w i t h  

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

p a g e   c an   be  p r i n t e d .  

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

For  e x a m p l e ,   more   t h a n   two  rows   of  e l e m e n t s   c o u l d   be  u s e d ,  

w i t h   t h e   n u m b e r   of  b u s e s   b e i n g   d o u b l e   t h e   n u m b e r   of  r o w s .  



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

e l e m e n t s   ( 3 6 ,   38)  f o r   m a r k i n g   a  h e a t   s e n s i t i v e   m e d i u m   ( 1 2 ) ,   b u s  

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

a p p l y i n g   t h r o u g h   a  c o n t r o l   l o g i c   (13c)   a  v o l t a g e   l e v e l   to   t h e  

e l e m e n t s  

c h a r a c t e r i z e d   b y ,  

b u s e s   (23 ,   46,   50 ,   60 ,   64)  f o r   d e l i v e r i n g   p o w e r   to   t h e  

e l e m e n t s   (36 ,   3 8 ) ,  

e a c h   bus   b e i n g   c o n n e c t e d   in  common  to   a  p l u r a l i t y   o f  

t h e   e l e m e n t s   ( 36 ,   3 8 ) ,  

t h e   p o w e r   s o u r c e   (120)   b e i n g   a d a p t e d   to   a p p l y   to   one  o f  

t h e   b u s e s   a  v o l t a g e   l e v e l   w h i c h   i s   a t   l e a s t   s u f f i c i e n t ,  

when  a p p l i e d   to   one  of   s a i d   e l e m e n t s   (36 ,   38)  to   w h i c h   t h e  

bus   i s   c o n n e c t e d ,   to   c a u s e   t h e   m a r k i n g ,  

t h e   c o n n e c t i o n s   b e t w e e n   t h e   b u s e s   (46 ,   50 ,   60 ,   64)  and  t h e  

e l e m e n t s   (36 ,   38)  b e i n g   a r r a n g e d   to   d e f i n e   b o t h   an  e l e c -  

t r i c a l   p a t h   (102)  f r o m   t h e   one   bus   (46 ,   60)  t o   t h e   o n e  

e l e m e n t   (36 ,   38)  to   c a u s e   t h e   m a r k i n g ,   and   u n w a n t e d   e l e c -  

t r i c a l   p a t h s   (104)  f r o m   t h e   one  bus  (46 ,   60)  v i a   t h e   e l e -  

m e n t s   (36 ,   38)  to  a  s e c o n d   bus   (50,   64)  t e n d i n g   to   c a u s e  

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

t h e   p o w e r   s o u r c e   (120)   b e i n g   a r r a n g e d   to   h o l d   t h e   s e c o n d  

bus   ( 5 0 ,   64)  a t   a  f i x e d   s e c o n d   v o l t a g e   l e v e l   i n s u f f i c i e n t  

f o r   c a u s i n g   t h e   m a r k i n g .  



2.  The  t h e r m a l   p r i n t   h e a d   of   c l a i m   1 

c h a r a c t e r i z e d   in  t h a t  

t h e   c o n t r o l   l o g i c   (130)   i s   a d a p t e d   to   c o n n e c t   t h e   f i r s t   v o l t a g e  

l e v e l   f rom  t h e   p o w e r   s o u r c e   (120)  to   a  s e l e c t e d   one  of   t h e  

b u s e s   (46 ,   50 ,   60,   64)  w h i l e   c o n n e c t i n g   t h e   s e c o n d   v o l t a g e  

l e v e l   f rom  t h e   p o w e r   s o u r c e   to   t h e   o t h e r   one  of  t h e   b u s e s   ( 4 6 ,  

50 ,   60 ,   6 4 ) ,  

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

e l e m e n t s   (36 ,   38)  i s   p r o v i d e d   and  in   t h a t  

t h e   c o n t r o l   l o g i c   (130)   i s   f u r t h e r   a r r a n g e d   f o r   c o n n e c t i n g  

s e l e c t e d   o n e s   of  t h e   e l e m e n t s   (36 ,   38)  to   t h e   p o w e r   s i n k   w h i l e  

t h e   bus   c o n n e c t e d   to   t h e   s e l e c t e d   e l e m e n t s   (36 ,   38)  i s  

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

t h e   s e l e c t e d   e l e m e n t s   (36 ,   3 8 ) .  

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

a  row  (30,   32)  of   e l e c t r i c a l   h e a t i n g   e l e m e n t s   (36,   38)  f o r  

m a r k i n g   a  h e a t   s e n s i t i v e   m e d i u m   (12)  e s p e c i a l l y   a c c o r d i n g   t o  

c l a i m s   1  to   3 ,  

c h a r a c t e r i z e d   in  t h a t  

e a c h   of   t h e   e l e m e n t s   (36 ,   38)  i s   c o n n e c t e d   b e t w e e n   a  c o n d u c t o r  

(52 ,   57)  f o r   s u p p l y i n g   p o w e r   to   and  a  c o n d u c t o r   (44 ,   48,   5 8 ,  

62)  f o r   s i n k i n g   p o w e r   f rom  t h e   e l e m e n t   (36,   3 8 ) ,  

some  of   t h e   s i n k   c o n d u c t o r s   (44,   48)  e x t e n d i n g   on  one  s i d e   o f  

t h e   row  (30,   32)  and  o t h e r   o f   t h e   s i n k   c o n d u c t o r s   (58 ,   6 2 )  

e x t e n d i n g   on  t h e   o t h e r   s i d e   of   t h e   row  (30,   32)  f o r   m a k i n g  

e l e c t r i c a l   c o n n e c t i o n   to   a  p o w e r   s i n k .  



4.  The  t h e r m a l   p r i n t   h e a d   of  c l a i m   1 

c h a r a c t e r i z e d   b y  

a d d i t i o n a l   rows  of   e l e c t r i c a l   h e a t i n g   e l e m e n t s   (36 ,   3 8 )  

p a r a l l e l   to  t h e   row  (30 ,   3 2 ) ,  

t h e   s i n k   c o n d u c t o r s   (44 ,   48,   58,   62)  e a c h   b e i n g   c o n n e c t e d   t o  

some  of   t h e   e l e m e n t s   (36 ,   38)  on  e a c h   of   t h e   r o w s ,  

some  of   t h e   s i n k   c o n d u c t o r s   (44 ,   48)  e x t e n d i n g   on  one  s i d e   o f  

s a i d   rows  and  o t h e r   s a i d   c o n d u c t o r s   (58 ,   62)  e x t e n d i n g   on  t h e  

o t h e r   s i d e   of  s a i d   r o w s .  

5.  The  t h e r m a l   p r i n t   h e a t   of   c l a i m   4 

c h a r a c t e r i z e d   in   t h a t  

t h e r e   i s  o n e   s a i d   a d d i t i o n a l   row,   a n d  

t h e   s i n k   c o n d u c t o r s   ( 44 ,   48,   58,   62)  a r e   a r r a n g e d   in   a  s e r i e s  

a l o n g   s a i d   r o w s ,  

e v e r y   o t h e r   of  t h e   s i n k   c o n d u c t o r s   (44 ,   48)  e x t e n d i n g   on  o n e  

s i d e   of   t h e   r o w s ,   t h e   i n t e r v e n i n g   o f   t h e   s i n k   c o n d u c t o r s   ( 5 8 ,  

62)  e x t e n d i n g   on  t h e   o t h e r   s i d e   of   t h e   r o w s ,  

e a c h   o f   t h e   s i n k   c o n d u c t o r   (44,   48,  58,   62)  s e r v i n g   f o u r   o f   t h e  

e l e m e n t s   (36,   3 8 ) ,   two  on  e a c h   of   t h e   r o w s .   ,  

6.  A  t h e r m a l   p r i n t   h e a d   (14)  c o m p r i s i n g  

a  n u m b e r   (N)  of  p a r a l l e l   rows  of   e l e c t r i c a l   h e a t i n g   e l e m e n t s  

(36 ,   38)  f o r   m a r k i n g   a  h e a t   s e n s i t i v e   med ium  ( 1 2 )  

c h a r a c t e r i z e d   b y ,  

c o n d u c t o r s   (44,   48 ,   58 ,   62)  f o r   s i n k i n g   p o w e r   f rom  s a i d  

e l e m e n t s   (36,   3 8 )  ,  



2N  e l e c t r i c a l   b u s e s   (23)  f o r   r o u t i n g   p o w e r   t o  

s a i d   e l e m e n t s   (36 ,   3 8 ) ,   e a c h   s a i d   bus  b e i n g   c o n n e c t e d   i n  

common  to  a  p l u r a l i t y   of  s a i d   e l e m e n t s   ( 3 6 ,  3 8 ) ,   a n d  

c o n t r o l   l o g i c   (130)  f o r   r o u t i n g   p o w e r   v i a   e a c h  

one  of  s a i d   b u s e s   (23)  in  t u r n .  

7.  The  t h e r m a l   p r i n t   h e a d   (14)  of   c l a i m   6  f u r t h e r  

c o m p r i s i n g  

a  p o w e r   s o u r c e   (120)  f o r   a p p l y i n g   to   s a i d   one  b u s  

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

one  of  s a i d   e l e m e n t s   (36,   3 8 ) ,   to   c a u s e   s a i d   m a r k i n g ,   a n d  

f o r   a p p l y i n g   to   s a i d   b u s e s   (23)  w h i c h   a r e   n o t   r o u t i n g  

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

m a r k i n g .  

8.  The  t h e r m a l   p r i n t   h e a d   (14)  of   c l a i m   6  w h e r e i n   N 

i s   2 .  

9.  A  t h e r m a l   p r i n t   h e a d   (14)  c o m p r i s i n g  

a  row  (30 ,   32)  of  e l e c t r i c a l   h e a t i n g   e l e m e n t s  

(36 ,   38)  f o r   m a r k i n g   a  h e a t   s e n s i t i v e   m e d i u m   ( 1 2 )  

c h a r a c t e r i z e d   b y ,  

b u s e s   (23)  p a r a l l e l   to   s a i d   row  (30,   32)  f o r  

r o u t i n g   power   to   s a i d   e l e m e n t s   (36 ,   3 8 ) ,   e a c h   s a i d   e l e m e n t  

(36,   38)  b e i n g   c o n n e c t e d   to  one  of  s a i d   b u s e s   ( 2 3 ) ,  

a t   l e a s t   one  of  s a i d   b u s e s   (23)  b e i n g   on  one  s i d e  

of  s a i d   row  (30,   3 2 ) ,   a n d  

a t   l e a s t   a n o t h e r   one  of   s a i d   b u s e s   (23)  b e i n g   o n  
t h e   o p p o s i t e   s i d e   of  s a i d   row  (30 ,   3 2 ) .  



10.   A  t h e r m a l   p r i n t   h e a d   (14)  c h a r a c t e r i z e d   b y  

two  p a r a l l e l   rows   (30,   32)  of   h e a t i n g   e l e m e n t s  

(36 ,   38)  f o r   m a r k i n g   a  h e a t   s e n s i t i v e   medium  ( 1 2 ) ,   s a i d  

h e a t i n g   e l e m e n t s   (36 ,   38)  b e i n g   s p a c e d   r e g u l a r l y   a l o n g  

s a i d   r ows   (30 ,   3 2 ) ,  

f o u r   b u s e s   (46 ,   50,  60,  64)  p a r a l l e l   to  s a i d   r o w s  

( 3 0 ,  3 2 )   of   h e a t i n g   e l e m e n t s   ( 3 6 ,  3 8 ) ,   f i r s t   and  s e c o n d  

s a i d   b u s e s   (46,   50)  on  one  s i d e   of   s a i d   rows   (30,   3 2 ) ,   a n d  

t h i r d   and  f o u r t h   s a i d   b u s e s   (60,   64)  on  t h e   o t h e r   s i d e   o f  

s a i d   rows   (30 ,   3 2 ) ,  

s a i d   f i r s t   and  s e c o n d   b u s e s   (46,   50)  b e i n g  

c o n n e c t e d   by  f i n g e r s   (44,   48)  to   e l e m e n t s   (36)  on  one  s a i d  

row  ( 3 0 ) ,   s a i d   t h i r d   and  f o u r t h   b u s e s   (60,   64)  b e i n g  

c o n n e c t e d   by  f i n g e r s   (58,   62)  to   e l e m e n t s   (38)  on  t h e  

o t h e r   s a i d   row  ( 3 2 ) ,  

a  s e r i e s   of   c o n d u c t o r s   (52,   57)  e a c h   c o n n e c t e d   t o  

e l e m e n t s   (36 ,   38)  on  b o t h   of  s a i d   rows   (30,   3 2 ) ,   e v e r y  

o t h e r   one   o f   s a i d   c o n d u c t o r s   (52)  e x t e n d i n g   to   one   s i d e   o f  

s a i d   r ows   (30 ,   3 2 ) ,   t h e   i n t e r v e n i n g   s a i d   c o n d u c t o r s   ( 5 7 )  

e x t e n d i n g   to   t h e   o t h e r   s i d e   of  s a i d   r o w s   (30 ,   3 2 ) ,  

e a c h   h e a t i n g   e l e m e n t   (36 ,   38)  b e i n g   c o n n e c t e d  

b e t w e e n   one   s a i d   f i n g e r   (44,   48,   58,  62)  and  one   s a i d  

c o n d u c t o r   (52 ,   5 7 ) ,  

e a c h   s a i d   f i n g e r   (44,   48,  58,   62)  b e i n g   c o n n e c t e d  

to  two  s a i d   h e a t i n g   e l e m e n t s   ( 3 6 ,  3 8 ) ,  

e a c h   s a i d   c o n d u c t o r   (52,   57)  b e i n g   c o n n e c t e d   t o  

f o u r   s a i d   h e a t i n g   e l e m e n t s   ( 3 6 ,  3 8 ) ,   two  on  s a i d   one  r o w  

(30)  and  two  on  s a i d   o t h e r   row  ( 3 2 ) .  
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